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How to use this book

Learning outcomes - These statements set the scene of
each chapter, help with navigation through the book and
give a reminder of what's important about each topic.
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Rocks and minerals and their exploitation
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Key terms and definitions - Clear and straightiorward
explanations of the maost important terms are provided for
each topic.

.
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Opening discussion - An engaging discussion to bring
each chapter topic to life, encouraging you to read around
the topic and sparking discussion in class.
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Self-assessment questions - Check your knowledge

Rock: a combiration of one or more minerals

Mineral: a naturally occurring inorganic substance with a
specific chemical composition

Igneous rock: rock made during a volcanic process
Magma: molten rock below the surface of the Earth

Solution: formed when a solid is dissolved in a licuid 1.3
Precipitates: when a substance comes out of solution :
lon: an atom in which the number of positively charged protons

is not egual to the number of negatively charged electrons 1.4

Sedimentary rock: a rock formed from material derived from
the weathering of other rocks or the accumulation of dead
plarts and animals

Practical activity - Opportunities for developing
practical skills are provided throughout the book.
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and understanding, and track your progress by answering
questions throughout each chapter. Answers are provided
sack of the book.

What factors need to be considered before
starting up a new mine?

Suggest reasans why developing surface mines
is easier than developing mines underground.
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How to use this book

Case study - A variety of examples of real world scenarios End-of-chapter questions - Use the questions at
are included in every chapter to illustrate relevant aspects the end of each chapter to check your knowledge
of the syllzbus, with questions to develop your higher order and understanding of the whole topic and to practise
thinking skills. Answers are provided at the back of the book. answering guestions in a similar style to those you might
encounter in your exams. Answers are provided at the back
of the book.
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Controlling pests naturally: 2 flawed decision
Summary - A brief summary is included at the end of

each chapter, providing a clear reminder of the key themes
discussed.
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Introduction

Managing the environment might be the most important
thing hurmanity has to do over the next century and
beyond. But what is the environment and how can we
manage it? In its broadest sense, the environment is
everything around us. Your environment includes the
room you are sitting in, the air in that room, the people in
the room next door, the aeroplane flying overhead and
the atmosphere itis flying through, among many other
things. But how do we go about managing all of this? It is
clear that we need to break things down so that the tasks
become manageable. That is what the syllabus and this
book attempt to do,

The environment can be split into four major categories:
the lithosphere, hydrosphere, atmosphere and biosphere.
Chapter 1 deals with the lithosphere: the rocks that make
up our planet Earth, on which all life is found. Chapters 4
and 5 deal with the hydrosphere: the ceaseless cycle of
water and what we do with it in its various forms. Chapter 7
looks at the atmosphere: the air around us, which contains
vital oxygen and carbon dioxide and is the place where
weather occurs. Chapters 8 and 9 look at the living world,
or biosphere: the people and all the animals, plants and
other organisms with which we share the Earth. Weaving
through all of this is the use we make of energy, without
which nothing much of what we regard as our modern
world could occur. Chapter 2 considers how we acquire the
energy we need and the problems we create in using it.

The environment is not necessarily well-meaning,
although this might seem difficult to believe on a warm
sunny day with the birds singing and soft wind blowing.
Chapter 6 looks at the natural hazards that human and
other life is constantly exposed to, from high winds and
heavy rain that might cause problems for a few weeks, to
the effects of earthquakes and volcanoes, which are the
result of the incredibly slow movement of the tectonic
plates on which we live.

Finally, Chapter 3 covers that most vital of human activities:
farming. Recent studies have shown that nearly half of

the Earth's land area is used to produce food, and this is
almost certain to increase over the next few decades.

However, having said zll this, it is important to realise

that every aspect of the environment affects every other.
This is the nature of environmental science and ecology;

they are sciences that deal with interactions. You are a
part of the biosphere and each time you take a breath,
you affect the atmosphere by adding carbon dioxide and
water vapour and removing oxygen. Every time you eat,
for example vegetables, you are taking in minerals that
have passed round and round a mineral cycle for millions
of years. This is at the heart of the difficulty of managing
the environment: anything and everything we do, either
by design ar by accident, may affect any aspect of the
environment. This is known as the law of unintended
consequences.

Food webs provide 2 good example of this law. In

the complex interactions between species, feeding
relationships make it almost impossible to predict what
will happen if just one of species increases or decreases
in number, Take Barro Colorado Island, formed when the
Panama Canal was constructed in the early twentieth
century. Some decades after this area of tropical jungle
was isolated from its surroundings, it was observed that
many species had been lost. These included birds such
as the curassow, the wood quail and the ground cuckoo.
The reason for this loss is thought to have been 2 medium-
sized racoon, called 2 coati, becoming abundant.

(Figure 0.1)

Figure 0.1 A coati family looking for food.

Coatis eat the eggs and young of birds like the curassow,
wood quail and ground cuckoo. But why was there a big
increase in coatis? In their jungle habitat, coatis are preyed
upon by jaguars and pumas (Figure 0.2); the new island,
with an area of under 15 km?, was simply too small to
support these large cats.
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Figure 0.2 Afemale puma.

The cats would have died out in this isolated habitat and
the coatis would escape being eaten. This would not have
been predicted at the time: an unintended consequence of
the construction of the Panama Canal was the extinction
of the curassow in a 15 km? patch of tropical jungle, now
an island (Figure 0.3).

An even mare dramatic example comes from the stary

of rabbits in Australia. This European mammal was
introduced into Australia in 1788 on the so-called First
Fleet ithe first fleet of ships that left Great Britain to found
a penal colony in Australig). However, it was not until the
deliberate release of just 24 individuals in October 1859

Introduction

Figure 0.3 Two great curassows.

that the numbers began to soar. By 1869 hunters were
killing 2 million rabbits every year with no effect on the
population. The huge numbers of rabbits in Australia have
caused massive species loss and even geological changes,
such as extensive gully erosion.

The story of the cane toad, again from Australia (see
Chapter 3's Extended case study), is another example of
the important principle of unintended conseguences in
environmental management.

We all have an environment around us and we are all part
of everybody else's environment. This simple fact makes
managing the environment one of the most important
challenges for humans in the future.
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Key skills in Environmental Management

When thinking about an investigation in environmental

management you need to find out about a problem and

how it is affecting the environment. An investigation has a

sequence of stages:

1 planning the investigation

2 identifying limitations of the methods that were used
and suggesting possible improvements

3 presenting reasoned explanations for phenomena,
patterns and relationships that you have observed in
your gata

4 making reasoned judgements and reaching conclusions
based on gualitative and quantitative information,

All these stages involve certain skills and techniques, all of

which are explained below and in the following chapters.

Planning an investigation involves formulating an aim and
one or more hypotheses. An aim identifies the purpose

of your investigation and you should have a suitable aim

in mind when planning. ‘To investigate the effects of coal
mining waste on soil pH' is an example of an aim. From the
aim, the hypothesis or hypotheses arise

A hypothesis is a statement on the topic that you are
investigating. Itis a testable prediction that proposes a
relationship between two variables:

+ the independent variable, which is not changed by
other varizbles you are measuring e.g. the age of a person

+ the dependent variable, which is what you zre
measuring.

In research, the hypothesis is written in two forms: the
null hypothesis and the alternative hypothesis (called
the experimental hypothesis when the method of
investigation is an experiment).

The null hypothesis states that there is no relationship
between the two variables being investigated (one variable
does not affect the other). Results are due to chance and
are nat significant in terms of supporting the aim being
investigated.

The alternative hypothesis states that there is 2
relationship between the two variables being investigated

(one variable has an effect on the other). The results are
not due to chance and they are significant in terms of
supporting the aim being investigated.

A hypothesis can be accepted or rejected by testing. Thisis
achieved through data collection and analysis.

A good hypothesis should:
« beastatement not a question
+  be a prediction with cause and effect

+ state the independent and dependent variables being
tested

+ beshortinlength.

An example of 2 good hypothesis is 'There will be a
decrease in soil pH with increasing distance from a site of
coal mining waste’

Aim: identifies the purpose of your investigation
Hypothesis: a statement on the topic that you are investigating

Independent variable: the variable that is deliberately
changed in an experiment

Dependent variable: the variable that is measured in an
experiment

Null hypothesis: 2 hypothesis stating that there is no
relationship between the two variables being investigated

Alternative hypothesis: a hypothesis stating that there s 2
relationship between the two variables being investigated

Collecting data

When planning an investigation, you need to plan how to

collect your data. There are two types of data: qualitative

and guantitative.

Qualitative data is non-numerical, descriptive data.

Quantitative data can be either discrete or continuous:

+  discrete data: numerical data that have a finite number
of possible values and can only take whole numbers,
e.g. the number oftreesor 1,2, 3,4

+ continuous data: numerical data that have infinite
possibilities and can take any value, e.g. temperature,
time, speed or 1.5, 1.51, 1.512.
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Both gualitative and guantitative data can be either
primary or secondary:

+  Primary data is data collected by you or a group doing
the investigation.

= Secondary data is data that has already been
collected by people unconnected with the
investigation but that are relevant and useful.
Examples include data from the internet, newspapers,
books or past investigations.

Sampling

It is often unnecessary and sometimes impossible

to carry out your investigation on the whole of the

target population as it would be too expensive or time
consuming. For example, it would be impossible to ask
everyone in a large town for their views on the effects of
air pollution or to count all the plants in a big field. For this
reason a sample must be taken,

Asample should be representative of the target population.
Ifitis, then a larger sample size tends to yield more reliable
results. The target population is the subset of people or
organisms to which the conclusions of the study can be
applied. For example, if only women were guestioned about
their views on air pollution the conclusions could only be
applied to women, which would be the target population.

Before deciding on the sampling method you need to think
about how you are going to take the sample.

This could be by:

+  point sampling: data collection is done at an exact
point, e.g. a pedestrian count

+ line sampling: data collection is done along 2 line
(Figure 0.4) or transect, e.g. changes in plant height

+ areaorquadrat sampling: data is collected within
quadrants, e.g. vegetation cover surveys.

Figure 0.4 Students carrying out a line sample across a
dry river valley.

Key skills in Environmental Management

Once you have decided on the type of sampling to use, you
then have to decide on a suitable sampling method. There
are three types of sampling methods.

= random sampling: sample points are selected using
random numbers to avoid bias. Tables of random
numbers can be used or generated by calculators
{see Chapter 8).

«  systematic sampling: sample points are selected
using z regular pattern or order, e.g. conducting a
questionnaire on every tenth person or surveying
vegetation cover every 5 metres.

+  stratified sampling: when a population is divided up
into groups, e.g. different ages or gender, taking a
stratified sample ensures that each group is asked in
the correct proportion.

Bias: encouraging one outcome over another

Figure 0.5 summarises the different types of sampling
methads.

random systematic stratified
o - s 8 & . '.
. - . &
i . LRI R
poiat L Sl . s = s iy s
L} :.il’g & & i‘-'l'i - ® _F._\""
L] _ L - L
line -
- -
at ] O | = im
quadrat "= I .
a " 7 LI B . e
e = 3

Figure 0.5 Different types of sampling methods.

For example, imagine you wanted to give & questionnaire
to a sample of 50 people from a farming area. The area
has three villages. How many people should be given a
questionnaire from each village?

Village 1
356 people

Village 2
233 people

Village 3
426 people

Table 0.1 Population of the three villages.

a The total number of people is 356 + 233 + 426 = 1015
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b Tofind the number of people from each village to

be given the questionnaire, we multiply each village

sample size

opulation b which in this case is—
Pop ? 1015

total population

Sample size 50 50

365 * 233 426 %
1015 1015 1015
=175 =114 =209
Rounded numbers | 18 11 21
of people to be
questioned

Table 0.2 Sample size calculations.

A further example of stratified sampling is when soil types
are being investigated in an area where 70% of the arez
consists of rock type A and the remaining 30% consists of
rock type B. T0% of the soil samples should be taken on
rock type A and 30% of the soil samples on rock type B.

Questionnaires and interviews

This data collection method is used when trying to
obtain people’s opinions. Stratified sampling is used for
questionnaires and careful consideration should be given
to the day, time and location when the data are collectec
to avoid bias.

Questionnaires can be carried out by approaching
people in the street, knocking on people’s doors, posting
questionnaires or, if applicable, placing them on the
internet. Each method has its own advantages and
disadvantages. Can you think what they are?

Questions should be pre-planned and it is always
important to do 2 pilot survey to ensure that the people
interviewed understand the questions (five respondents
would be sufficient), and the answers provide the
infarmation you want to analyse. Always explain the aim

of the guestionnaire and be polite when asking people to
complete them. Stress that the answers will be anonymous
and although you should record the age and gender of the
respandent, remember these are sensitive guestions and
should not be asked directly.

A good guestionnaire should:

+  becarefully worded so people understand the
{‘!LIESEi'L'JI'I‘S ana QUEStiOﬂS are ﬂO[EI’I‘]bigUOUS

+  be quick to complete and therefore have a limited
number of guestions in a logical order

+  have closed questions at the beginning. Closed
questions are those which can be answered by a 'yes’

or 'no’, or by a definite answer to the guestion being
asked. Open questions zre those which require more
thought and require more than a simple one-word
answer. They take longer to record but are useful if
more information is required. However the answers
might be difficult to record and analysis.

Always thank the respondent once the guestionnaire has
been completed.

An interview involves talking to a small group of people
or an individual. You should have pre-planned guestions
and the answers are usually longer than those from a
questionnaire.

Risk assessment

To collect data safely, you must be aware of potential
hezlth and safety issues relating to the equipment you
are using (e.g. sulfuric acid or a Bunsen burner) or to the
location of the investigation. You need to decide what
equipment you might use and then ensure that the
equipment is tested and, if necessary, calibrated before
the investigation starts. You should always carry out a
pilot survey.

Pilot survey: a trial run of a survey, which aims to discover any
prablems with the survey

Calibrated: to check and make any necessary adjustments
to a piece of equipment to ensure its accuracy

Recording data

It is useful to record data in a table format. The table
should be created before data collection. When drawing
up 2 table, remember the following guidelines:

+  When two or more columns are used, the first column
should be the independent variable (i.e. the variable
chosen by you, the experimenter) and the second
and other columns should contain the dependent
variable(s) (i.e. the readings taken for each change in
the independent variable).

+  Columns should be headed with the name of the
variable and the appropriate unit.

+  MNumerical values inserted in the table should just be
numbers, without units.

Practical activity 9.1 in Chapter 9 invelves estimating plant
coverage using quadrats. Table 0.3 is an example of a
results table for this activity.
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Independent variable/ | Dependentvariable | Dependentvariable | Dependentvariable | Dependentvariable
units 1/units 2{units 3/units 4junits
Distance/m | Species 1/% cover Species 2/% cover | Species 3/% cover | Species 4/% cover
1 53 0 | 3 _ 0
3 23 17 [ 4 11
4 ' 12 25 | 5 25
5 I 0 ar | 3 12

Table 0.2 Distribution of plant species along a transect line, following a standard layout for tables.

The first colurmn shows the distance along the transect line (in
metres), the second column shows the percentage coverage
for a named species of plant, the third colurmn shows the
percentage coverage for a second species of plant, and so on.

One option in Practical activity 9.1 is to compare estimated
plant coverage in two areas. Figure 0.6 shows a results
table suitable for recording data for four species of plants,
from two areas (A and B) using five quadrats in each area.

area A

quadrat number /
percentage cover
species| 1 2|1 3| 4 5 |average
1 19 | 23 | 18 | 25 | 14 198
2 a 3 4 2 1 2
3 67 | 75 | 54 | 49 | 52 | 594
4 o0 |0 0|0 0

area B
quadrat number /
percentage cover
species| 1 2 3| 4 5 |average
1 0|1 o|l2 |0 06

2 B 2 3 3 1 3
3 12 |14 | 21 | 11 | 16 148
4 1 3 0 2 2 16

Figure 0.6 Data of the results of a comparison of two areas
using five randomly placed quadrats.

Identifying limitations of
methods and suggesting possible
improvements

The chosen methaods for collecting data for an
investigation should be achievable and realistic, but you

may still encounter limitations to your methods. The
quantity and quality of data collected will be determined
by available resources such as time, money, equipment,
ICT, possible transport requirements and the number of
people needed to collect the data.

Relying on other people to gather data can add a random
element to the investigation so it is better if the same
individual does the measuring. Your choice of sampling,
in terms of type and size, is important 2nd you should
select a suitable sampling method at the planning stage.
For example, you might think of choosing a systematic
sampling method for an investigation into vegetation
change along a transect but then realise that some of the
sampling sites might be inaccessible.

Conditions in which data is collected, such as the weather
when conducting a questionnaire, must be considered.
Timing and location of data collection can also affect
results, as can the sample size, so these factors should be
considered too. Questionnaires should ideally be done

at regular intervals as well as being timed to maximise
respondents. The use of questionnaires can have other
limitations, for instance some age groups can be reluctant
to answer and not all 2ge groups will be availzble if the
questionnaire is conducted during work time.

Some data collection methods are subjective, for example
visually estimating sediment shape and size. You can

often use digital equipment in order to collect more
objective information and limit human error. If the method
involves the use of measuring equipment, ensure that it is
calibrated before the investigation starts. By repeating the
measurements, or using another piece of equipment, you
can increase the reliability of your results.

If you use the internet for data collection, you must
consider whether the websites you use are biased or if
the information is inaccurate or outdated. Government
websites usually provide reliable data.
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Presenting explanations for
phenomena, patterns and
relationships

There are a wide variety of presentation technigues that
can be used to display collected data. The skill is choosing
the technigue that is most suitable for the data. It is
important that all techniques used should have a title and
that axes are labelled. If you use a key, it should also be
labelled. Tables of dzta are simple to design but when data
are presented visually it is often easier to see patterns and
trends, so graphs and diagrams can be & better choice.

There are many different types of graph, such as

line graphs, bar graphs, histograms, pie graphs and
scattergraphs. More specialised types of graph include
climate graphs and population pyramids.

Line graphs

Aline graph is used when there is 2 continuous change

in the data, often over time (Figure 0.7). The points are
plotted as crosses or encircled dots and are connected
with a clear straight line. The axes of 2 line graph begin at
zero and the independent variable is put on the horizontal
or x axis (e.g. time) and the dependent variable on the
vertical or y axis. A suitable scale is important as it will
influence the appearance of the line graph.

3.0 1
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Figure 0.7 A line graph to showing the growth of a bean
plant over time.

Bar graphs
Bar graphs are used to show data that fit into categories,
e.g. the total number of plant species at different sites.

Abar graph has two axes, The bars should be drawn
with eqgual width and with equal spaces between them
{Figure 0.8),

Adivided bar graph can be used to show a set of data

that is represented by percentages and is an alternative
technigue to a pie graph. A single bar representing 100% is
subdivided into the different data categories.

200 4

Precipitation/mm
8

0 T T T T T T T T T T T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec
Month

Figure 0.8 A bar graph showing the average precipitation in
Agra, India.

Histograms

A histogram may lock like a bar graph without the

spaces between the bars, but it is different. Histograms
are used to show frequencies of data in different
categories (Figure 0.9) or change over a period of time. On
the x axis the range of values is divided into intervals, e.g.
0-99, 100-199 etc. It is a continuous scale and the values do
not overlap. The y axis shows the frequency or percentage
of the collected data falling into each of the intervals.
Avertical bar represents each interval and the bars are
continuous with no gaps between them.
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Figure 0.9 A histogram showing the height of immature
treesin a plantation.
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Key skills in Environmental Management

Pie graphs 27 i Japan

Pie graphs are circular charts divided into sectors which 80 1 M

show proportions that relate to the data in each category p701e o B Kuwait

(Figure 0.10). There should be no more than six and no % 60 4 & Kenya

fewer than two sectors in a pie graph. The data used are i o ® Bt Faso

often in the form of percentages and can be converted g 40 -

into degrees by multiplying each percentage by 3.6 to 5 ag 4

give a total of 360° The sectors are plotted in rank order, =

The largest sector is plotted first starting at ‘12 o'clock’ or 36

0® and drawn in & clockwise direction. The second sector i ‘ _ . _ :

is then plotted from where the first one ends. 0 10000 20000 30000 40000 50000
Gross domastic product's

Figure 0.11 A scattergraph showing the relationship between
life expectancy and GDP for selected countries.

\ @oil

i Analysing your data
@ natural gas Once the data have been presented in 2 table, graph or

| o renewables diagram, it should be possible to analyse it by describing
@ nuclear and explaining what you can see. For example, can you

see any trends or associations and explain them? Simple
statistical technigues can also be helpful in analysis.
These include working out the range (the difference
between the largest and smallest values) and the

average. There are three kinds of average: mean, median
Figure 0.10 A pie graph showing the projected world energy 304 mode:

use in 2035,

+  The mean is the total of 2ll values divided by the
total number of values. It is used when there are no
Scattergraphs extremes of values, which would distort the mean.
Scattergraphs are used to see if a relationship exists

between two sets of data and whether that relationshipis ~ ° 1 1e mode s thevalue with the highest frequency.

positive or negative (Figure 0.11). A scattergraph helps us +  The median is the value in the middle after the data

to see if one set of data is likely to change in relation to a has been sorted into ascending order, Itis not affected
second set of data in 2 sytematic way. This change (called by extreme values.

a correlation) doesn't necessarily mean that one variable

couses the otherto change. Oee———
Scattergraphs are plotted in a similar way to line Mean: the total of all values divided by the total number

graphs but the points are not jeined with a line. The of values

data set that is likely to cause the changeis called Mode: the value with the highest frequency

the independent variable and is plotted on the x axis. Median: the value in the middle after the data has been sorted
The dependent variable is plotted on the y axis. If the into ascending order

scattergraph shows a likely linear relationship, it is then
appropriate to plot the line of best fit (trend line) by eye
with an equal number of points above and below the
line. The best-fit line coes not have to pass through the
arigin of the graph and should be a single, thin, smooth
straight line. There is more information on scattergraphs
in Chapter 6.

Scanned with CamScanner



Cambridge IGCSE and O Level Environmental Management

The median, range and interguartile range (the range of
the middle 50% of the data) can be shown on 2 box-and-
whisker plot. In Figure 0.12 the range of the data is 17-100
and the median is 68.

lower lower upper upper
exlrame quartile median guartile extreme

: S —

| | 1 | | I | 1 ] 1 ]
I I I I I I I ] ] ] 1

0 1M 20 30 40 50 60 VO &0 90 100

Figure 0.12 A box-and-whisker plot to show range and
median values.

Making judgements and reaching
conclusions

The conclusion is a summary of the investigation. Using
evidence from your data analysis you should now be able

to state whether you can accept or reject your hypathesis,

giving reasons for your decision. For example the results
for the hypothesis from the start of this chapter: ‘There
will be a decrease in soil pH with increasing distance
from a site of coal mining waste', may show exactly that:
soil pH does decrease as the distance from a coal mining

waste site increases. If so, your conclusion should state
this and your hypothesis can be accepted. As well as
accepting or rejecting your hypothesis, the conclusion
should set out the main findings and discuss if the aim
has been achieved. You should also suggest reasons for
your findings. For example, if you found that in some cases
the soil pH remained the same at different distances, you
would need to explain these findings further. Think about
whether your findings relate to any previous studies you
read about before you carried out the investigation or any
theories you have studied.

However interesting your results, your investigation

could probably be improved by identifying any areas of
weakness. This is called evaluating your investigation. Was
the sample, size too small? Was your investigation affected
by bias? Did you have difficulty collecting your data? For
example, if you were investigating how plant biomass
changes in a saltmarsh you may have had an incomplete
set of results if the tide came in and prevented you
reaching some of the sampling sites. Which variables led to
inaccuracy or unreliability of the data you collected? Also,
think about how your investigation could be extended:
could you test further hypatheses?
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Rocks and minerals and their exploitation

Learning outcomes

By the end of this chapter, you will be able to:

describe, with examples, the characteristics of igneous, sedimentary and metamorphic rocks
explain the formation of igneous, sedimentary and metamorphic rocks

explain the rock cycle

describe surface and subsurface mining

describe the reasons for extracting rocks and minerals

describe the impact of rock and mineral extraction on the environment and human populations
discuss methods of landscape restoration after rock and mineral extraction

explain the terms sustainable resource and sustainable development

discuss how rocks and minerals can be used sustainably.

Scanned with CamScanner



Cambridge IGCSE and O Level Environmental Management

e PR T e Ed T
r % { i 1 i
*

The Earth is 2 rocky planet, compared with, for example
Jupiter, which is a gas giant. This means that the Earth

is made from rocks and metal ores. The Earth weighs
5973600000000000000000000kg (5.97 % 10°¢kg) and has
a density of 5.2 gem, which makes it the densest planet in
the solar system. This is mainly because the core consists
ofiron surrounded by a mantle of rock. However, it is

only the very outside part of the Earth, above the mantle,
that humans can use. The material that makes up this
region is what we call recks and minerals. Although this
represents a vast amount of material, the quantity of it, like
everything else, is limited. What is more, extraction and
use can cause environmentzal and other problems. We are
in danger of using up the available sources of many rocks,
the most well known of which is probably coal.

Peak mineral is & concept that provides a date after which
there will only be less extraction of 2 mineral. Peak coal, for
example, is the date at which it is calculated that the most
coal is being extracted, after which it will decline. Because
we do not know exactly how much coal exists, estimates
of peak coal vary. S5ome say it is 200 years away, others

say it could be soon, maybe 2020. This unpredictability
because of future unknowns is illustrated by the situation

1.1 Formation of rocks

The planet Earth was formed about 4.5 billion years ago.
The force of gravity pulled the heavier elements together
first, forming the core. The lighter elements then formed
the Earth’s crust about 3-4 billion years ago. The mantle
developed as z layer between the dense core and the light
crust. This structure still exists today (Figure 1.1).

crust

mantie

outer core

inner core

Figure 1.1 The structure of the Earth.

with oil. In 1956, the originator of the peak mineral idea,
M. K. Hubbert, predicted that the pezk il date for the
USA would be 1970. This did not happen, and in fact the
production of oil in the USA is still rising today. However,
it is true that the resources of all these commodities, such
as coal, oil and phosphorus (current estimated peak date
2030), copper (current estimated peak date 2040) and
uranium (current estimated peak date 2030s), are finite,

It is therefore important that we limit the use of these
resources, and reuse and recycle them whenever we can.

Figure 1.0 A giant bucket wheel excavator in use in an
open-pit mine.

lgneous rocks

When molten rock from the crust and upper mantle cools,
igneous rocks are formed. The molten rock is called
magma when it is still below the surface and lava when it
reaches the surface.

Magma is found in the outer mantle; it is hot, liguid rock
that is under pressure from the rocks above it. When it

conlinenial crust

oceanic crust
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cools it turns to solid rock, When liquid magma rises to
the surface from volcanoes the cooling occurs quickly and
forms lava. Igneous rocks are made of material that was
once molten; they usually contain crystals that are formed
as the molten material cools.

The crystals found in rocks are formed when solutions

of minerals cannot absorb any more dissclved minerals.
Some of each mineral type precipitates out of solution to
form the centre of a crystal. This then provides a surface
for more mineral ions to precipitate onto. The crystal
becomes larger until the salution disappears.

If the rock cools quickly, only very small crystals can form
before the rock becomes solid. Rapid cooling occurs when
magma is released from volcanoes onto the surface of the
Earth's crust.

If magma rises from the mantle into the crust without
reaching the Earth's surface, then the magma cools more
slowly, allowing the formation of larger crystals. Many of
these crystals contain valuable minerals that are used fora
wide range of industrial processes.

Heat and pressure are the usual reason for minerals
becoming dissolved; a reduction of heat and pressure
usually leads to the formation of crystals.

Examples of igneous rocks are granite and basalt
(Figures 1.2 and 1.3).

Figure 1.2 A piece of granite.

Chapter 1: Rocks and minerals and their exploitation

Figure 1.3 A piece of basalt.

Sedimentary rocks

Sedimentary rocks are formed by the weathering of
existing rocks at the Earth's surface, the accumulation

and fossilisation of living materizl, or the precipitation of
dissolved materials out of solution in water. Weathering
processes release small mineral particles that accumulate
to form sediment. Over time, layers of sediment build up to
form sedimentary rock,

The sediments include different-sized mineral particles.
The smallest particles are clays, followed by silts and then
sands. These particles are important in the formation of
s0ils (see Section 3.1). Larger particles of gravels and small
boulders can also be found in sediments.

Rock: a combination of one ar more minerals

Mineral: a naturally occurring inorganic substance with a
specific chemical compositien

Igneous rock: rock made during a volcanic process
Magma: molten rock below the surface of the Earth
Solution: formed when a solid is dissolved in a liguid
Precipitates: when a substance comes out of salution

lon: an atom in which the number of pasitively charged protons
is not equal to the number of negatively charged electrons
Sedimentary rock: a rock formed from material derived from
the weathering of other rocks or the accumulation of dead
plants and animals
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The particles are transported by streams and rivers and
then deposited as sediment. Each layer of sediment
becomes more compact and harder because of the
pressure created by the newer deposits above them.

Examples of sedimentary rock are limestone, sandstone
and shale (Figures 1.4, 1.5 and 1.6).

Figure 1.5 Sandstone.

Figure 1.6 A piece of shale.

Metamorphic rocks

Metamorphic rocks are created from existing rocks when
the heat (above 150°C) or pressure (above 1.5x%10%Pa or
1480 atm), or both heat and pressure, causes changesin
the rock crystals without melting the existing rock. The
existing rock therefore changes in structure, becoming

a metamorphic rock, The changes in structure can be
chemical or physical or both.

Sedimentary and igneous rocks can become metamorphic
rocks, and a metamorphic rock can become another
metamorphic rock. Metamorphic rocks are usually harder
than sedimentary rocks.

Examples of metamorphic rocks are marble 2nd slate
(Figures 1.7 and 1.8).

When the Earth’s crust first formed, all the rocks were
igneous. These rocks were slowly eroded, releasing small
particles that formed sediment, and these sediments
built up over time to form sedimentary rocks. The rocks
that make up the Earth's crust are always moving,

which creates the heat and pressure needed to form
metamorphic rock. All rock types are constantly eroded
and formed in the rock eycle (Figure 1.9). Table 1.1
compares the characteristics of the different rock types.

Metamorphic rock: a rock farmed from existing racks by a
combination of heat and pressure
Rock cycle: a representation of the changes between the three
reck types and the processes causing them
| HENEOUS sedimentary | Metamor "
Made from liquid | Made from other Made from
magma (rock fragments | existing rock
Magma coolsto | Rock fragments The original

form solid rock | becomeburied and | rock is changed
increased pressure | in form by heat

forms a rock |and pressure
Mineral crystals | Crystals absent Mineral crystals
sometimes present
present; the size
of the crystals
depends an the
speed of cooling
Mo fossils Fossils may be Mo fossils
present present present

Table 1.1 Characteristics of the different rock types.

Scanned with CamScanner



Chapter 1: Rocks and minerals and their exploitation

Figure 1.7 A piece of marble. Figure 1.8 A piece of slate.

1. Wealhering and erosion break off fragments
of surlace rock. '

2. The eroded rock is transported to another
location.

R 3. The fragmanis of rock are deposited and build
up in layers. As the [ayers build up, the lower
layers are compacted into sedimentary rock.

. Sedimentary and igneous rocks subjected to
heat and pressure underground form
metamorphic rocks.

5. At higher temperatures rocks melt to form

magma.

6. Magma cools to form igneous rock.

7. Movements in the Earth raise rocks to the surface

via a process called uplift.

1
/ weathering and erosion 4

Figure 1.9 The rock cycle showing the relationship between the three rock types, sedimentary, metamorphic and

igneous. The diagram also shows the interactions between these types, their origins and the processes by which they
are interconverted.
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Copy and complete Figure 1.10 with processes on
the arrows and intermediate stages in the ovals.
The processes should be chosen from the list
provided; one has been done for you.

Add the names of the correct rock type to Table 1.2.

Rocks formed in the sea from
particles of eroded rock
Rocks changed by heat
Rocks formed from the
cooling of other molten rock

Table 1.2 Rock types.

heat and weathering heat and
pressure and erosion pressure

malting mailting cooling  magma sediment

Figure 1.10 The rock cycle.

- B pRACTICALACTIVITY 1.1

Rocks and the rock cycle
Materials

+ Forthefirst part you will need to be able to access the
Interactives Rock Cycle website (www.cambridge.org/
links/scspenv4000).

+ Faorthe second part, which can be done on a different day;
yourteacher will provice you with a selection of rocks.

Method

« Forthe first part of the practical, go to the web page
and look at the interactive diagram.

» Forthe seconc partof the practical, choose one of
the rocks.

« Observe and describe your chosen rock, thinking about
things like shape, colour, weight, softness or hardness.

1.2 Extraction of rocks and
minerals from the Earth

Minerals provide us with a wide range of materials that

we use in everyday life, Coal and oil provide energy and
many chemicals used in industry. Metzllic ores provide
us with the metals and zlloys needed to make products

« Return yourrock to the table, and put a letter by it.
Each rock should end up with a different letter by it.

= Working on your own, select another rock but this time
do nat pick it up.

+ Spend about five minutes writing a description of your
rock, without anyone else knowing which one it is.

» Swap your description with someone else and take it in
turns to work out which rock has been described.

Questions

1 Testyourself on what you have learnt about the rock
cycle using another version of the interactive diagram
on the web page.

2 Answer the questions provided on the web page.

such as computers, mobile phones, cars, wires and nails,
The demand for minerals continues to increase, both from
developed and developing countries.

Searching for minerals
People have sezarched for minerals for thousands of
years. The simplest way to find mineral deposits isto
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look carefully at the surface of rocks. This process of
prospecting has found nearly all the surface deposits of
minerals worldwide.

Depaosits on the Earth’s surface can also be found using a
range of remote sensing methods. For example, an area
of land can be photographed from the air and the images
carefully analysed for signs of minerals. Aerial photography
can cover much mare ground than a person walking over
the surface of rocks (Figure 1.11). Images and other data
from satellites can also be used to analyse very large areas.

Ore: a rock with enough of an important element to make it
worth mining

Prospecting: a process of searching for minerals

Remote sensing: a process in which information is gathered
about the Earth's surface from above

Geochemical: the chemical properties of racks

Mineral deposits are weathered at the Earth's surface,
producing mineral oxides. These can be detected by their
unigue radiation pattern, which is recorded by a satellite
znd downloaded to a computer for analysis.

Chapter 1: Rocks and minerals and their exploitation

Other satellites operate by sending signals to the surface of
the Earth and then collecting reflected signals. The system
works in all weathers, through complete cloud cover and
at night.

Valuable mineral ares in the rocks below the surface
can be located from the satellite images. Computers
are used to process the data from a region of interest to
see whether any minerals are present in the area, The
satellite’s positioning system records the exact location,
and the geologists then visit the location to confirm the
minerzls have been identified correctly. Once in an area
identified from satellite data, the geologists can check
further locations to see whether the minerals of interest
are present nearby as well. Using satellites means large
areas can be geologically mapped quickly and at low cost,

Field surveys on the ground are used to take samples.
These are sent to a laborzatory for geechemical analysis,
so that the chemicals in the samples can be identified. The
samples can be taken from stream sediments, soil or rocks
{using shallow drilling). The points where the samples are
taken are usually selected by overlaying 2 grid on a map of
the survey area. The location of the sample points in the
field can be found accurately using the Global Positioning
System (GPS),

1 a 3 e E :ng !
I - lorward overlap
.
12 : e :
1 i ":
11 o 9 8 7 = 3 lateral overlap

L e m e e e

Figure 1,11 Aerial photography used for mineral prospecting. Photographs are taken with an overlap both front to back and
side to side. If the overlap is sufficient, three-dimensional views can be generated, which makes the prospecting easier.
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Another method used to identify the mineral ores presentin
rocks is geophysics. A series of vibrations (seismic waves)
are sent through the Earth's surface. Several sensors at
different distances from the source of vibrations are laid on
the ground. The vibrations create shock waves that travel
downinto the rock layers and are reflected back to the
sensors on the surface. The shock waves record different
patterns depending on what minerals are present in the
rock layers. Explosives can be used instead of vibrations but
this is potentially more dangerous (Figure 1.12).

Mining rocks and minerals

To make sure that the deposits of mineral ores are large
enough to be extracted, a resource evaluation is carried

out. The aim of the evaluation is to estimate the grade and
tonnage of the mineral of interest presentin a deposit. Drilling
to collect rock samples must be done to carry out a resource
evaluation, For small ceposits, only a few samples are

needed. For larger deposits, more drilling is required, following
a grid pattern on the ground. The aim s to identify the size of
the deposit as well as the mixture of mineral ores present,

From the information collected, the deposit may be
classified as a mineral ore reserve. Classifying the deposit
as a reserve takes into account the amount of material that
it is practical to extract. Finally, a feasibility study is carried

vibrator truck LB o

L R

out to evaluate all the financial and technical risks of any
proposed mining project (see below). The final decision
may be to develop a mine straight away or wait until
conditions change in the future.

Methods of extraction

There are two main types of mining. Surface mining
includes open-cast, open-pit, open-cut and strip mining,
Sub-surface mining includes deep a2nd shaft mining,

Geophysical: the physical properties of rocks

Surface mining: a type of mining used when the mineral
is either exposed on the surface or overlain by only small
amounts of Overburden

Overburden: the rock and soil overlying an economically
viable mineral depaosit

Open-pit mining: a type of surface mining

Strip mining: 2 type of surface mining

Sub-surface mining: a type of mining used when the deposit
is covered by a deep layer(s] of unwanted rock

Deep mining: a type of sub-surface mining
Shaft mining: a type of sub-surface mining

SEnsors pick up
reflected wave

recording truck collects information
from sensors

rock A

Figure 1.12 Seismic shock waves being used to locate rock or mineral deposits.
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Surface mining

Open-pit mining is also called open-cast or open-cut
mining. This type of mining is used when a valuable
deposit is located near the surface, often buried below a
thick layer of worthless material, The material above the
deposit is called overburden. The overburden has to be
removed first to expose the deposit, and is stored nearby
to be used later for mine restoration (Figure 1.13).

Open-pit mines are carefully dug in sections called
benches. The walls of the benches are kept at an angle to
reduce the risk of rock falls. The safe angle of these walls
depends on the type of deposit and overburden. Roads
have to be made as the digging progresses to allow the
removal of the mineral deposit and overburden. Building
materials such as sand, gravel and stone are removed from
open pits called quarries. The process of extraction from
pits always uses similar methods.

There are two main reasons why open-pit mines
eventually stop being worked. In some cases, as much
valuable deposit s possible has been removed. In
other cases, the amount of overburden that needs to be
removed has increased to an extent that the mine is no
longer profitable.

Strip mining is used to mine a seam of mineral. First of zll

the overburden, which consists of the overlying rock and

soil, is removed. Strip mining is mainly used to mine coal
near the surface. Figure L0 shows a very large bucket wheel
excavator, which is often used in strip mines, These machines
can move thousands of tonnes of material every hour,

Chapter 1: Rocks and minerals and their exploitation

Sub-surface mining

Sub-surface mining (Figure 1.14) involves digging tunnels
into the ground to reach mineral deposits that are too
deep to be removed by surface mining. Sometimes
horizontal tunnels are dug directly into the coal seam in
the side of a hill or mountain: this is a drift mine entered by
an adit. These tunnels produce waste rock as well as the
mineral ore.

A sloping tunnel is dug to reach deeper deposits. Mining
machinery can be lowered down the sloping tunnels while
waste rock and mineral are are hauled up to the surface.

The deepest deposits are reached by digging a vertical shaft.
Horizontal galleries are then dug into the minerzl deposits.
This type of mining is more expensive and technically
challenging than either horizantal or slope tunnelling. Only
large deposits of valuable minerals are mined in this way.

Mast of the material is removed from mines by machine.
The miners’ job is to make sure all the machinery is
working correctly and safely. Compared with open-pit
mining, any form of shaft mining is more difficult because &
supply of fresh air and water drainage has to be provided.
There are also the dangers of collapsing tunnels as well as
the risks of poisonous gas, explosion and underground fire.

Open-cast mining: a type of surface mining
Open-cut mining: a type of surface mining
Adit: the entrance to a horizontal (drift) mine

-

Figure 1.13 An open-pit mine,
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Figure 1.14 A drift mine with a horizontal entrance, called
an adit. B Sloping tunnel.

1.2 Whatfactors need to be considered before
starting up a new mine?

1.4 Suggest reasons why developing surface mines
is easier than developing mines underground.

Factors affecting the viability of extraction

of minerals

Once a2 mineral deposit has been located, a mining
company has to decide whether it should mine the deposit
or not. Mining companies need to consider a range of
issues when planning to open a mine, including:

+ the costs of exploration and extraction
« geology

+ climate

+ accessibility

« the environmental impact

+ supply and demand.

Greenfield sites are areas that have never been mined for
minerals. The chances of finding 2 deposit there are low.
For some metal ores, the strike rate ranges from 1:50 to
1:100. New gold deposits are very hard to find: the strike
rate may be as low as 1: 1000.

Brownfield sites are areas that have already been mined.
They usually have a higher strike rate than greenfield sites.
Even low-grade deposits that were not extracted in the
past may have enough value that they can now be mined
for profit.

The probable cost of extracting one tonne of ore has to
be calculated. Deposits near the surface can be extracted
by open-pit mining. There are usually fewer technical
difficulties to mining on a large scale using this method,
which leads to a low extraction cost per tonne.

Deeper deposits can only be extracted by shaft mining.
This is more costly to set up and maintain, so the cost
per tonne will be higher than open-pit mining. Only
deposits of high value can be mined economically in
this way.

The quality of the mineral deposit is another important
factor in deciding to open 2 mine. High-grade ores will
yield more of the required chemical elements than
low-grade ores.

The size of deposit that can be extracted is also important.
Small deposits of high-grade ore and high-value ores may
be worth mining. Small deposits of low-grade ore and
low-value ores that cannot be mined at a profit are left as
known reserves. In the future they may be mined, either
because technical advances make it less costly to do so or
because of a sustzined increase in world price.

It is possible to estimate the working life of a mine, but
many factors have to be taken into account. The main
factors are the size of the deposit and the planned rate of
extraction. If 2 mine is projected to have a short working
life, then other factors, such as ore value, will be very
impaortant in deciding whether work should be started.
Mines that are projected to have a long working life are less
likely to prevented by other factors.

Transporting the ore from a mine to processing plants may
be difficult and expensive. This factor alone could prevent
a deposit being mined. The cost of building road or rail
links to the processing plants or to the nearest suitable
port for export is & start-up cost that has to be considered.
These transport links have to be kept in working order,

so there will also be maintenance costs. The cost of
transporting 1 tonne of ore over 1 km can be calculated.
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For large tonnages, such as iron ore, rail transport is the
only practical and cost-effective method of moving the
ore, If the ore is going to be exported, large ships, called
bulk carriers, can be used to keep the transport costs low.

Another way of keeping the transport costs low is to carry
out some processing of the ore at the mine. The process
used depends on the chemical nature and grade of the
ore, The aim of processing is to concentrate the mineral
ore and separate it from the waste material. The waste
material is stored at the mine. This type of processing
produces a higher grade of ore so it has a higher value
per tonne. Some ores are high grade when they come

out of the ground. For example, some iron ores are called
direct shipping ores (D50) because they have enough iron
content that they do not need processing at the mine.

Mining companies can only start work after they have been
given a licence to extract a deposit. The government of any
country will want to ezrn some money from the mining
activity. This means there will be a tax to be paid to the
government for every tonne of mineral ore extracted, From
the point of view of the mining company, it is important
that a long-term agreement is reached to avoid rapid rises
in tax that could make the mining operation unprofitable.
From the point of view of the government, the tax needs to
generate enough money to be invested in developments
for the benefit of the country.

Increase in world demand for any mineral ore will drive the
price up. Changes in supply and demand can increase

5
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or decrease profits from working mines. If the world price
remains high, then deposits that could not previously be
mined at a profit may become worth mining. The amount
of money that needs to be invested in starting up & new
mine is cansiderable. This means that if the warld price falls
because of a drop in demand, a new mine may not start
waorking at a profit. Only when the world price rises again
can a new mine become profitable. The global recession of
2008 stopped some known minerzl reserves being mined
because of reduced world prices, Recently, the world

price of iron ore has dropped because supply is greater
than demand.

An example of changes in world price are shown in
Figure 1.15.

Mining companies try to predict future cdemand very
carefully so that periods of selling ore at less than the
cost of production are kept to a minimum. The profits
from periods of high world prices are used to make up
for periods of low profitability, as well as to pay for the
development of newly discovered deposits.

Strike rate: the frequency with which attempts tofind a
desired mineral are successful

Supply and demand: the relationship between how much of a
commodity is available and how much is needed or wanted by
consumers of the praduct
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1.3 Impact of rock and
mineral extraction

Environmental impacts

Impacts on the environment from the extraction of

rocks and minerals range from large-scale habitat
destruction to pollution of the atmosphere, land and
water. Those living near the site are also affected by noise
and visual pollution.

Ecological impacts

Any mining activity will involve the loss of habitat for some
species of plants and animals. Even small-scale surface
mineral extraction requires the vegetation to be cleared
from an area of land. The plants removed have lost a place
to grow, and so have the animals that depend on the
plants for food and shelter.

Deep mining means that shafts have to be dug down to
the seams of valuable minerals. At the beginning of deep
mining operations, only a small arez of land is cleared

of vegetation. After this type of mine has been working
for several years, more habitats will be destroyed as the
amount of mine waste stored aboveground increases.

Any form of large-scale surface mining causes the greatest
loss of habitat. Large areas of vegetation have to be
removed and then large volumes of removed overburden
have to be stored. After the seams of valuable mineral
have been removed, the overburden is spread over the
mined area to restore the land. The new land surface will
slowly become covered in some plant species. However,
this vegetation will have less biodiversity compared

with the original vegetation, This means that some

plant and animal habitats will still be lost from an area
for many years, even though the land surface has been
restored,

When 2 company applies for z licence to start working, an
envireonmental impact assessment is carried out. The
licence application is usually approved if the company
has a plan to keep the loss of habitat as small as possible
and then to restore the land after mining has finished. An
environmental impact assessment tries to identify all the
possible types of damage to the environment. To have the
licence application approved, any mining company must
have detailed plans to control the amount of damage to
the environment.

Environmental impact assessment: a process by which
the probable effects on the enviranment of a development are
assessed and measured

Biomagnification: the process in which the concentration of
a substance in living things becomes higher at progressively
higher levels in a food chain orweb

Pollution

The working life of any type of mine will result in some
pollution of the environment (Figure 1.16).

This can take the form of noise, water, land, air and
visual pollution. Noise pollution is a problem when
large-scale surface mining takes place. The averburden
is loosened by explosive charges and then remaoved by
large machines. The noise can disturb the behaviour of
many animal species near the mine and cause health
problems for people. Deep mining usually produces less
noise than surface mining. Mining licences set limits on
the levels of noise and working hours of 2 mine.

Water pollution from any type of mine can be a major
problem that can continue for many years after a mine has
stopped working. The water that drains through mine waste,
or comes directly from mine shafts, can cause dramatic
changes to the populations of living organisms in streams
and rivers. Drinking water supplies may also be polluted by
drainage from mines, making it unsafe for people to drink.

This pollution is caused by chemical reactions between
water and exposed rocks and mine waste. The water may
become acidic and then dissolve toxic metal ions. The
combination of acidic water with a high concentration of
toxic metal ions kills many aquatic arganisms. Some of the
metal ions exist only in low concentrations in bodies of
water. However, organisms absorb these ions and retain
them in their body, reaching concentrations much higher
than that in the water. This is called bioaccumulation.
The concentrations increase further in organisms that
are higher up the food chain. This process is called
biomagnification, and can cause the death of top
consumers. There are other metal ions that are toxic in
high concentrations that do not biozccumulate,

The land surrounding a mine will become polluted by
mine waste. In some cases the area will be quite small but
the toxic nature of the waste means that only a few plants
can grow, even many years after mining has stopped.
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Figure 1.16 Pollution and land degradation around a copper mine.

When mine waste is stored above natural water courses,
the waste pile may collapse and cover more land. The
choice of site for mine waste is an important factor to
consider in plans to limit the effects of pollution.

Many mining activities release dust particles, which will
settle on the vegetation near the mine. Dust reduces plant
growth: the leaves of plants need to absorb light energy to
perform photosynthesis. If light cannot penetrate 2 layer of
dust on z leaf surface, then the rate of photosynthesis

is reduced.

Dust from mining activities may also have toxic effects
depending on the chemical components presentin the
dust. This can also reduce or stop plant growth, and the
particles can be dangerous to human health. The biggest
risk is breathing in dust that then remains in the lungs.
Long-term exposure can lead to serious lung diseases
that can cause death. The lungs of children are very easily
damaged by breathing dust particles. Some harmful
substances can also be absorbed through human skin.
Mining companies provide safety clothing and breathing

masks to protect the health of mine workers. However,
many people make z living from small-scale mining
without a licence. This is often called informal mining and
itisillegal. Health problems as a result of toxic substances
are common among these miners.

Evidence of mining activity can often be seen because
the landscape is damaged. This is visual pollution. Large-
scale surface mining will create the most obvious visual
pollution during the working life of 2 mine. This type

of pollution may only be temporary because careful
restoration of the landscape is possible.

1.5 Give reasons why illegal mining without 2 licence
is bad for people and the environment.

1.6 Explain how reduced plant growth can affect an
ecosystem.
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The Antamina Mine in Peru

The Antamina mine is a large open-pit mine located
high in the Andes Mountains of Peru at an altitude
above 4000 m (Figure 1.17). The estimated reserve

is 1.5billion tonnes of ore. Extraction of copper and
zinc ores began in 2001. The mine employs more
than 5000 people.

Before mining could begin, more than 100 million
tonnes of surface rock had to be removed and
placed in waste piles. The ores were then removed
and crushed in the processing plant to produce
concentrate. Wastes from this process are called
tailings. These are stored in a compound to prevent
water pollution. The concentrate is then mixed with
water and moved in a 300 km pipeline to the coast.
After the water is removed from the concentrate it
is loaded into ships.

Cambridge IGCSE and O Level Environmental Management

The mine was expected to stop production in 2022,
However, more reserves have been found and increased
investment in efficient processing machinery has
extended the expected life of the mine to 2029,

Questions

Suggest why the mine was developed in such a

remote location,

Water pollution is serious risk at this open-pit

mine. Give three reasons why there is a high risk of

water pollution.

a Suggest how the production from this mine been
made more sustainable than originally planned.

b Explain why it is unlikely that the land will be
fully restored when this mine stops production.

Figure 1.17 The Antamina Copper mine, Peru, showing benches and the sheer size of the mine.
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Economic impacts

Extracting valuable minerals provides employment for
people and provides taxes for the government. Modern
mining is carried out using machines so only a small
number of people will be directly employed to extract
minerals. However, if the mineral is then refined and
processed in the same country, further jobs are created.
In many cases minerals are exported from one country to
be used in manufacturing processes in another country.
This can create jobs in the country importing the mineral.
Overall, mineral extraction does provide employment,
even if modern methods mean that the total number of
mining jobs may only be a few hundred.

Mineral extraction usually benefits both local and
national economies. Jobs zre created directly to extract
minerzls and further jobs to supply transport and mining
equipment. More jobs are created when the mineral is
refined to make products. If 2ll these activities occurin
the same country, this will generate the most income

for buying goods and services as well as investing in
infrastructure projects.

Some improvements to transport and services, such as
healthcare and education, will be required to supply any
mining industry as well as support the mineworkers and their
families. Some improvements will be paid for by the mining
companies as a condition of their mining licence. Taxes paid
by mining companies and individual workers can provide

2 country with enough revenue to invest in infrastructure
projects to benefit the whole population of the country.

1.4 Managing the impact of rock
and mineral extraction

Management of a mining operation should start with plans
for safe waste disposal and end with plans to return the
land to its original state when mining is over.

Safe disposal of mining waste

In the past, mining waste was usually been put in piles
near the point of extraction. In some cases, stable waste
piles were placed on top of water courses, which then
become polluted with toxic chemicals. In other cases,
waste piles were unstable and collapsed. Apart from the
possible loss of life caused by 2 collapse, collapsed waste
piles increase land and water pollution.

Today, safe storage and disposal of mine waste is
one of the mostimportant aspects of any mining
licence application.

Chapter 1: Rocks and minerals and their exploitation

In a well-regulated system, applications must provide a
detailed plan to show how mine waste will be stored to
prevent collapse. The site of the mine waste must also
prevent the possibility of water pollution. The plan must
include detazils of how the waste will be monitored to
detect any movement or water pollution.

Land restoration and bioremediation

When mining has finished, the land needs to be restored.
Sometimes mine waste can be reshaped to blend in with
the surrounding landforms. The waste can then be covered
by a layer of soil, which may be enriched with fertiliser,
Such an area can then be planted with trees, This will help
other plants and animals to colonise the area. As time
passes, the soil will be improved by the addition of organic
matter from plant and animal wastes. This method of land
restoration is often used to manage the waste from coal
mining. Planting trees creates habitats fairly quickly even
though the trees are only able to grow slowly.

Some mine waste does not allow the growth of tree

roots, so other methods of restoration have to be used.
Contaminated waste can be treated where it was left (in situ
treatment) by bioremediation. Alternatively, waste can be
removed from a site to 2 treatment plant (ex situ treatment),

Omeee———

Bioremediation: a process in which living things are used to
remove toxic chemicals fram a natural site

Bioremediation is the process of removing pollutants
from waste using living organisms. Many organisms

are able to break down toxic substances into less
hazardous substances. This often happens slowly in
natural environments. Some microorganisms, such as
bacteria found in soils, are able to absorb pollutants and
process them via metabolic pathways into less harmful
substances. When bacteria take in pollutants they usually
gain either energy or nutrients.

Microorganisms can remove and process pollutants at

a faster rate if their environment provides a source of
oxygen and nitrogen. Some plants are also naturally able
to bioaccumulate toxic metals, and this process can be
speeded up with the addition of fertilisers. These plants
are grown on contaminated waste. The plants absorb
toxic metals, and later the parts of the plant aboveground
are removed so the waste left in the ground becomes
less toxic.
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Figure 1.18 Former granite quarry on Bornholm, Denmark, the steep sides now a paradise for sea gulls.

After this treatment, the land is often turned into a nature
reserve as, even though the ground surface is less toxic,
it may still not be possible to use it for farming or to build
houses on. Several tree and herb species are introduced,
and as the plant populations grow they create habitats
for many animal species. These nature reserves become
valuable green spaces for human recreation, as well as
helping to maintain biodiversity (Figure 1.18).

Mineral extraction often creates large holes in the landscape.
If the rock lining the hole is impervious to water and non-
toxic then it can be allowed to fill with water to form a
reservoir, This water could be used for irrigating farmland or
processed to provide clean, safe drinking water for humans.
Sometimes, these holes are filled with household waste
until they are full. The waste is then covered with soil and
planted with trees. This is referred to as landfill.

How successful are these strategies? The Society for
Ecological Restoration International (SERI) proposed a
number of ecosystem-related variables to measure the
success of a land restoration programme. In summary,
a successful scheme will return the site to as close as
possible to the native ecosystem that existed before the
mining began. In this respect, although all strategies
have a value, some scientists believe that allowing a site
to undergo a natural process of recolonisation and slow
change to the environment (a process called succession)
may actually be the most beneficial method. Active

reclamation is impaortant to reduce the incidence of such
events as landslides and erosion. However, once this has
been done, the natural process of succession can probably
be relied on to achieved the ecosystem recovery SERI and
others think we should aim for.

1.5 Sustainable use of rocks
and minerals

The supply of rocks and minerals that are used as building
materials and for industrial production is finite. It is hard
to see, therefore, how the use of these materials can meet
the definition of sustainability. Sustainable use means use
that meets the needs of the present without affecting the
ability of future generations to meet their needs. A fully
sustainable resource will never run out, and this can be
achieved in fisheries, agriculture and forestry where the
resource is biological and can be regrown. Unlike these
biological systems, such things as rocks and minerals will
not last indefinitely,

Human sacieties need to use any resource with care so
that its use is at least more sustainable than it has beenin
the past. The sustainable development of the reserves of
any rock or mineral must take into account environmental,
economic and social factors. The aim is 2 planned and
controlled use of zny reserve to provide the most benefit
to people, maintain economic growth and stability and
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prevent widespread environmental damage. National
laws and international agreements encourage sustainable
development of resources,

The term sustainability is now widely used. However, as
the world populzation continues to increase, it is difficult
to see how the challenge of complete sustainability can
be met. Perhaps the best that can be achieved is the
prolonged use of resources with limited environmental
damage and the most benefit for human societies.

On the other hand, it may be possible to find substitutes
for the use of relatively scarce materizals. For example,
copper is quite rare and is used for, among other things,
the conduction of electricity. When the purpose is to
transmit information, copper wire can be replaced by
fibre optic cables, which zre made from the much more
commaon element silica,

Several strategies can be used to make the exploitation of
racks and minerals mare sustainable.

Efficiency of extraction

Increasing the efficiency of extraction seems an obvious
starting point. For example, underground coalmines only
remove between 55 and 70% of the coal present in the
reserve. This is because of the technical difficulties of
extracting the remaining coal in a safe and cost effective
meanner. Open-pit mining is more efficient at extraction
than underground mining but some wastage still occurs,

Figure 1.19 Scrap metal in a scrapyard.

Chapter 1: Rocks and minerals and their exploitation

To improve the efficiency of extraction, many mine wastes
are now being processed for a second time. This allows
valuable materizls to be recovered and reduces the risk
of pollution from stored mine waste. New extraction
methods include chemical treatment of the waste, which
extracts much of the valuable mineral still within it.
Biological treatment with microorganisms can also be
used to extract more product from the waste.

Improvements in the performance of the machines used

in mining and processing also increase the efficiency of
extraction, Greater use of data analysis by computersis
likely to lead to improvements as well. However, surface
mining has more potentizl for an increase in efficiency of
extraction than underground mining. This is because it is
mare difficult to predict geological conditions underground.

Efficiency of use and recycling

Recycling materials makes an important contribution to the
sustainable use of rocks and minerals. Many manufactured
goods, from cars to steel cans, are recycled in most
countries. Most metals can be recovered and refined back
to clean metals to be used by industries again. This uses
less energy than processing the ores or concentrates to
make metals. Many countries still have the potential to
recycle far more materials in the future (Figure 1.19).

Attempts to use minerals such as metals more efficiently
include engineering solutions. For example, it is possible
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to design steel beams used in buildings to have the same
strength but use less steel. In the 1980s titanium became
very expensive and there was an incentive to design
products that used less of this metal. Many countries may
in the future require car manufacturers by law to take back
their products when they are finished with. It is hoped this
will encourage them to make more durable products that
use less minerals and last longer.

The major way in which governments are trying to
encourage a more sustainable use of minerals and rocks
is to pass laws that requires manufacturers to become
responsible for recycling and reuse. For example, the
Waste Electrical and Electronic Equipment (WEEE)

After completing this chapter, you should know:

» the characteristics of named igneous, sedimentary
and metamorphic rocks

how these rocks are formed in the rock cycle

the features of surface and subsurface mining

how we decide to extract rocks and minerals

the environmental, economic and social impacts of
rock and mineral extraction

Directive of the European Union, was passed in 2002
Although some of the items covered are not mineral rich
(for example televisions are only 6% metal) others are: a
typical cooker is 89% metal.

SMENT QUESTIONS

1.7 Suggest one advantage of in situ waste
treatment and one advantage of ex situ waste
treatment.

1.8 Describe three ways in which recycling materials
is important for the sustainable use of resources.

= how landscapes damaged by rock and mineral
extraction can be restored and how successful these
strategies can be

= the meaning of sustainable resource and sustainable
development

» how rocks and minerals can be used sustainably.

data are shown in Table 1.3.

104

End-of-chapter questions

1 Animportant local fishery exists in Lake Titicaca, Peru. The lake is 100 km from a mercury
mine. A study was carried out on the levels of mercury in fish caught in the lake. Same of the

0.20

124

0.32

125

0.20

128

0.20

136

0.30

140

0.32

146

0.35

159

0.45

160

0.35

178

0.55

196

0.85

Table 1.3 Fish and mercury levels
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The same data are plotted in Figure 1.20.
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Figure 1.20 Fish and mercury levels.

a Copyand complete the graph by labelling the axes. [2 marks]
b Describe and suggest an explanation for the relationship shown by the
data in Figure 1.20 and Table 1.3. [5 marks]

¢ The recommended maximum level of mercury in food is 0.30 ppm.

Suggest the maximum length of fish that people in this area should

consider eating on a regular basis. [1 mark]
d Itwas suggested that the source of the mercury in the fish in the lake

was a mercury mine 100 km upstream. To test this, water samples were

taken from a river as shawn in Figure 1.21. They were analysed to discover

the concentration of mercury.

A
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Figure 1.21 Mercury sampling

The data from some of the sites are shown in Table 1.4.

0.12
0.26
0.10
0.38
0.06

undetectable

undetectable

=l |lz|lo|n|o|e|> B

undetectable

=

undetectable

Table 1.4 Mercury sampling.

State and explain the conclusion you would reach from these data about the
source of the mercury in the fish. [2 marks]

2 Aluminium is preduced from bauxite. Five tonnes of bright red bauxite are made
into 2 fonnes of a white powder called alumina (aluminium oxide) in an alumina
plant. The bauxite is usually obtained from open-pit mines. Hot caustic soda
solution is added to the crushed rock to get rid of impurities. The alumina is
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then converted into 1 tonne of aluminium in a smelter, An electric current is
passed through the alumina and molten aluminium is siphaned off,

a State the name given to any rock that contains a valuable metal.

b Calculate the mass of solid waste that would be produced from the
processing of 25tannes of bauxite.

¢ Calculate the mass of bauxite that would be needed to produce
25tonnes of aluminium,

d  Suggest two environmental consequences of aluminium production after
the bauxite has been mined.

e Explain how the landscape may be restared after bauxite mining is finished.

Figure 1.22 shows a deep coal mine and the area around it.

Figure 1.22 A deep coal mine and the area around it.

State the rock type to which coal belongs.

Explain how the coal is extracted from the location shown in Figure 1.22.
State the age of the coal and oil deposits shown in Figure 1.22.

Copy and complete the labelling of the diagram by adding the

correct names to the boxes.

e Explain, using the names and letters, how the speil heap has been reclaimed

an oW

Figure 1.23 shows how the praduction of 3 mineral changed over time.

Amount of mineral
extracted per year

1990 2000 2010
Year

:

Figure 1.23 The production of a mineral over time,

a Choose aword from the list to describe the situation for this mineral in
1980, 1993 and 2010.
exhaustion peak production discovery

b Suggest what might have happened between 1993 and 2010.

¢ Suggest how the mineral could have still been extracted after 2010.

[1 mark]

[2 marks]

[1 mark]

[3 marks]

[3 marks]

[1 mark]
[3 marks]
[2 marks]

[2 marks]
. [5 marks]

[2 marks]

[2 marks]
[2 marks]

£
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The Island Copper Mine, Vancouver Island, British Colombia, Canada

The Island Copper Mine started production in 1971 It was finally closed in 1995 because there was
insufficient ore left to make further extraction economically feasible. It was an open-pit mine and
employed 900 people at its peak. During its lifetime 363 million tonnes of ore were extracted. The ore
contained an average of 0.41% copper and 0.017% molybdenum. Extraction involved the removal of

a billion tons of material in all, at a maximum rate of 170800 tonnes per day. The pit produced by the
mine was 2400 m long, 1070 m wide and had a depth of 400 m. The waste from the mine, which is called
tailings, was disposed of in the sea. Seepage from the mine was restricted by a 33 m deep, 1 219m long
seepage barrier. The final production figures for the mine were 1 299978 tonnes of copper, 31000 tonnes
of molybdenum, 31 700000 g (31.7 tonnes) of gold, 335994324 g (336 tonnes) of silver and 27 tonnes of
rhenium. These materials were exported to many countries around the world (Figure 1.24).

EXTENDED CASE STUDY

Figure 1.24 Open Pit Copper Mine, Vancouver Island, British Columbia, Canada

During its lifetime the environmental impact of the mine was carefully managed and monitored. All

water run-off from dumps was controlled by a system of water management,

The impacts of the mine can be summarised under four headings.

+  Physical: 400 million tonnes of tailings deposited into Rupert Inlet reduced its depth by 40 m. These
materials, leading to a reduction in its biodiversity, regularly smothered the bottom fauna. A small
rocky beach was formed where once it was sand, and copper-tainted sediment was found many
kilometres away.

»  Chemical: Over 25 years of monitoring, no trends were seen in any of the variables measured (pH,
oxygen and dissolved heavy metals including copper, manganese and zinc),

»  Biological: Although there was evidence that the water became more turbid, there was no measurable
effect on productivity of the biological systems. The reduction in species diversity on the seabed was
the biggest effect. A site near the mine had 15 species in 1995, whereas one unaffected site had 41.
Despite early fears, no dead zone, an area with no life, was created.

«  Tissue metal: There was very little evidence of an increase in the levels of any metals in the tissues of
animals. This suggest that neither bioaccumulation nor biomagnification was occurring.
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Port Hardy, a small town near the mine, originally had a population of 700 that grew after the opening

of the mine to have a population of over 5000. The company spent over 2.9billion US dellars (USD) in its
25years of life. From early on during the life of the mine, tax was paid at a rate of about 3 million USD year'.
The mining company provided 400 houses for its employees, with another 600 being constructed by other
developers. All the necessary services, including sewage, roads and water, were paid for and provided

by the mining company. The mine’s opening also led to the provision of a hospital, a swimming poal, a
theatre and some parks.

The plans for the eventual mine closure were in place even when its opening was being prepared in 1969.
Nearly 5million tonnes of overburden were kept and used for land reclamation during the 25 years of
the mine and after its closure. The features of the mine covered by the closure plan were the open pit, the
waste rock piles, the sea and the buildings.

The apen pit was flooded with scawater after closure, creating a 300 m deep lake with an area of

215 hectares. The possibility of using this lake for aquaculture was considered.

A further 200 hectare area was recontoured and over 600000 alder and lodge pole pine seedlings were
planted during the life of the mine. The hope is that a cedar-hemlock forest will eventually result from
this, as a result of succession.

Questions

1 Explain why the mine was closed in 1995.

2 Calculate the percentage of the total material extracted that was waste. Quote your answer to two
decimal places.

3 One of the biggest concerns about the operation of the Island Copper Mine was the possible effect of
disposing the tailings at sea. Various studies were started as soon as the mine opened to monitor this.

In one study, a commercially important top predator, the Dungeness crab (Metacarcinus magister)
was checked for the levels of copper and other metals in its tissues yearly over the life of the mine.

The data from this study are given in Table 1.4

Year l Copper /mg kg™ wet mass Year | Copper/mg kg™ wet mass
1971 7 1985 6.5
1972 6 1986 6.6
1973 57 1987 6.4
1974 8.1 1988 8.1
1975 7.7 1989 9.9
1976 97 1990 10.4
1977 11.8 1991 9
1978 11.6 1992 9
1979 99 1993 10
1980 8.5 1994 11
1981 8.5 1995 9
1982 10 1996 10.3
1983 7.7 1997 12.3
1984 9.1 1998 9.3
Table 1.4 Copper levels.
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a  Copyand complete Figure 1.25 using the data in Table 1.4,
12

10 4

Copper concentration in crabs / mg per kg wet mass
(=]

FEEEE L L F LS E I E I FE L E S LS S
Year

Figure 1.25 Copper levels in crab tissue.

b i Describe the trend in copper in crab tissue from the opening of the mine until 1977.

ii  In the late 19605 the Society for Pollution and Environmental Control (SPEC) was formed in
British Columbia where Island Copper is situated. This organisation was invelved in actively
campaigning against industrial pollution. Write a brief assessment of the situation with
regard to copper in the Dungeness crab as it might appear in a report to SPEC in 1978,

iii Write a new report updating SPEC on the situation for a new report in 1996.

¢ Suggest why Metacarcinus magister was chosen to monitor copper levels in the tissues of living
things in this study.
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Chapter 2
Energy and the environment

By the end of this chapter, you will be able to:

name fossil fuels and describe how they are formed

classify energy sources into renewable and non-renewable types

describe how different energy sources are used to make electricity

explain the environmental, economic and social consequences of different energy sources
discuss different demands for energy

explain how energy sources can be managed efficiently

discuss the current research into possible new energy sources

describe the impact of oil pollution

describe how the impacts of oil spills can be minimised.
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Many scientists agree there is a link between the burning
of oil, coal and gas and climate change. While there are still
reserves of these fuels, the decision facing governments
around the world is whether we should be using them.

Fuel is enorrmously useful, very valuable and very important
politically, but tackling global warming might mean
choosing to leave the untapped reserves in the ground.

While not all scientists will agree on all facts of climate
change, the consensus is that human activity is a
significant cause. It is also recognised by governments that
the rise in global temperature should be halted at 2 °C.
While this is not a ‘safe’ level, it is thought to be enough to
prevent the warst impacts of the temperature changes.
There also seems to be a link between the amount of
carbon products emitted into the air as gases through
burning and climate change.

Sowhat are the options? Could the world ignore all the oil,
coal and gas that has not been extracted to prevent emission

2.1 Fossil fuels

The world population uses energy in a variety of ways,
much of it by direct combustion (burning) to produce heat
and light. Combustion requires z suitable fuel source,
typically something with large amounts of carbon.

While items such as wood contain carbon and are used for
burning, there are other sources that are far more ‘energy
dense’, producing a greater amount of heat from a unit

of fuel. These sources, naturzal gas, coal and oil, are often
known as fossil fuels.

How fossil fuels are made

Despite the name, fossil fuels are not made from fossils,
butis it a useful term to reflect upon the amount of time

it takes to produce them. Fossil fuels are produced from
the decay of plants and animals. These remains formed
organic matter that became covered in layers of sediment.

Over millions of years, and buried deep in the ground by
the addition of further layers of sediment, the organic
material was subjected to great pressure and heat.

Fossil fuel: a carbon-based fuel, formed over many millicns of
years from the decay of living matter

of more carbon? How would vehicles operate without these
sources? Could the world cope with using other forms of
energy production? Would all governments work together
in this way? At the moment, these are questions without
answers. As you work through this chapter you will see that
many of the potential answers are not straightforward.

Figure 2.0 The human population is using greater amounts
of energy; this has impacts on the world around us.

The precise conditions, and the type of animal and plant
material available, determined whether cozl, oil or natural
gas is produced.

Figure 2.1 shows how coal is formed. The processes for oil
and gas are similar and are shown in Figure 2.2,

huge forests grew
millions of years ago
covering most of

the Earth

| the vegetation dies and
forms peat

the peat is compressad
between sediment layers
to form lignite

further compression
forms coal

Figure 2.1 The process by which coal is made.
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porous sedimentary
rock

impermeable

trappead sediment
ail and rock

Figure 2.2 Oil and gas were formed in a similar way to coal. They are held in a layer of porous rock, which means they can be

accessed by drilling.

In both cases the dead remains from animals and plants
are buried under many layers of sediment, so extracting
them involves digging or drilling deep underground. The
length of time needed to create fossil fuels means that
there is only a limited supply.

2.2 Energy resources

The demand for energy is increasing worldwide. There are
a number of reasons for this:

+ increasing population size

+ increasing industrialisation and urbanisation

+  improvements in standards of living and expectations.

In order to meet the demand for energy, existing sources
need to be used more efficiently and methods that until

now have been too difficult or too expensive to use need
to be explored further. Improvements in engineering and

advances in technology may well reveal new opportunities,

Types of energy sources

Different types of energy sources can be described
by whether they are limited resources or available in
unlimited supplies.

Limited sources of energy are often described as
being non-renewable: as they are used they cannot
be replaced.,

Renewable sources of energy are those than can
be replenished and therefore can be used over and
over again.

Mon-renewable: an item or resource that exists in a finite
amount that cannot be replaced

Renewable: 2n item or resource that will not be used up or
can be replaced
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Table 2.1 provides a list of the most common examples
of renewable and non-renewable types of energy. More
detailed descriptions and explanations of the different
types will follow later in the chapter.

| Geothermal power
Coal Hydroelectric power
MNatural gas Tidal power

MNuclear power Wave power
Wind power

| Solar power
Biofuels, e.g. bicethanel, biogas
and wood

Table 2.1 Classification of energy sources.

While some of the energy sources in Table 2.1 are easy

to classify, others are maore complex. Muclear fuels, for
example, will last for many centuries and are seen by many
scientists as 2 more suitable replacement for fossil fuels,
However, the source material (uranium) is only available in
limited supply so, although will last 2 long time, it cannot
be replaced.

Biofuels include the burning of wood, of which there is
only a limited amounts at any one point in time, but it is
possible to replace felled trees with new ones, therefore it
is classified as being renewable.

How energy sources are used

While many energy sources can be burnt (combusted) to
produce heat or light, the main use for many of them is the
manufacture of electricity.

Most electricity is generated by electromagnetic
induction. This process was discovered in the 1820s by
Michael Faraday, and it transforms kinetic energy (the
energy from movernent) into electrical energy using loops
of a conducting material such as copper and a magnet.
As the coils are rotated close the magnet, electricity

is generated. Over many years the process within this
generator has been made more and more efficient.

Clearly a power source is needed to rotate the coils. This
comes from z turbine connected to the generator.

Turbines are designed to provide the rotary motion
needed in the generator. This is typically done by passing
a stream of gas or liquid over the turbine blades, causing 2
shaft to move.

Figure 2.3 shows a simple electricity generation system
using & turbine.

turbine

generator

Figure 2.3 Asimple electricity generation system.

In this simple system, a heat source (in the burner) heats
up water (in the boiler), which is converted to steam. The
steam passes through the blades of the turbine, causing
them to move. As a result of the rotation on the shaft, the
copper coils in the generator move, producing electricity
that is transferred by conductive wires to the light bulb.
The efficiency of the turhine can be increased by fitting
more blades, or increasing the flow of gas or liquid that
causes it to move by pressurising them.

Figure 2.4 shows a simplified diagram for the production
of electricity from a geothermal source. In this case, cold
water is pumped under pressure into a layer of hot rocks.
The rocks heat the water and the hot water then returns
to the surface under pressure. The hot water heats up a
second supply of water using 2 heat exchanger. The steam
produced in the second supply moves the turbine, which
generates electricity in the generator. Water can then be
re-used in the system to continue the process.

Energy sources such as fossil fuels, biofuels and nuclear
and geothermal power are usually used to heat up water to
produce steam. Other energy sources, such as wind, wave,
tidal and hydroelectric power, are used to turn a turbine
directly without the need to produce steam first.

Electromagnetic induction: a process used for generating
electricity that uses the movement of a metal coil and a magnet

Generator: a machine that converts mechanical energy (such
as movement] into electrical energy

Turbine: a machine, often containing fins, that is made to
revolve by the use of gas, steam or air

Burner: a receptacle used to hold fuel as it is burned
Boiler: a vessel used to heat water to convert it into steam
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Figure 2.4 Production of electricity from a geothermal source.

Figure 2.5 shows a wind turbine. Note the addition of a
gearbox to maximise the rotation of the shaft as it enters
the generator, The brake will slow down or stop the rotor
blade in very windy conditions to prevent the blade
being damaged.

Figure 2.5 Awind turbine.

Solar power is the one main exception in the way that
electricity is produced. Most electricity produced by this
method uses photovoltaic cells. While the chemistry and

construction of photovoltaic cells is quite complex, they
all work on the principle that certain materials produce a
small electric charge when exposed to light. Even though
the electricity produced by one cell is small, 2 bank of
cells organised into solar panels, and a group of panels
organised into 2 solar array, can produce a significant
amount of electricity.

Technological advances in the design and manufacture of
photovoltaic cells are making them far more efficient, but
many of the metals used within them are relatively rare
and expensive to obtain.

Wave and tidal power systems both use the sea or large
rivers to generate electricity, but the technology and
availability of power can be very different.

Tidal power uses the natural rise and fall in the level of
water in an area during a day. As the levels drop, water is
held back by a tidal barrage - a small dam that releases
water back through 2 turbine. This, in turn, generates the
electricity using 2 generator. The amount of power that
is generated is dependent on the change in tide level
throughout the day.

Wave power also uses a turbine and generator to
generate electricity, but these use the smaller differences
in water levels that are caused by wind action. Power is
therefore produced by channelling the energy of waves at
sea, rather than by tides. Unlike tidal power, wave power
is not limited to the regular pattern of the tides; however,
electricity generation may stop when calm weather
conditions mean that there is little or no wave production
in an area.
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Salar power: harnessing energy from sunlight

Tidal power: the use of tides (the natural change in sea levels)
to generate electricity

Tidal barrage: a small dam used to hold back a tide

Wave power: the use of changes in the height of a body of
water to generate electricity

Using the different energy sources

Deciding which energy source to use is not always easy
because of different economic, social and environmental
impacts. One source of power may have both advantages
and disadvantages.

Economic factors

The supply of energy is expensive, particularly in a world
where the demand is ever increasing and the supply from
many sources is limited. If a fuel is in high demand and in
short supply, then the price for that item rises. Clearly if a
country has its own fuel supply then it can often use this
more cheaply than importing other sources from other
countries.

Itis therefore logical for a country to rely on its local fuel
supply, for example the Middle East relies on its own

oil, Russia relies on its natural gas and the USA relies on

its coal. Some countries have other naturally occurring
sources they can take advantzge of, such as high (and
consistent) amounts of sunlight near the equator or
geothermal energy (heat from underground rocks) in areas
such as Iceland,

While plentiful supply and ease of access might be good
economic arguments for using certain types of fuel, some
countries face an economic barrier that prevents them
from using certain energy sources. The cost of investing in
technology, for example, might prevent a country or region
developing solar power even though it has a plentiful
supply of sunlight.

Social factors

The impact of different fuel sources will depend on the
local area and the industry that it supports: the mining

of an area for coal or drilling for oil might mean that the
land is no longer availzble for agricultural use, but the new
industries might mean greater loczl employment. The
increase in industry locally might also mean that other
businesses are needed to supply the needs of the energy
business and its workers. The development of a large-

scale project could provide improvements to the local
infrastructure such as roads, supply of mains water and
electricity, healthcare and schooling.

However, the energy business could also cause the
displacement of a whole community, for example if the
land in a valley is flooded during the construction of a dam
to develop hydro-electric power. The development of new
technologies might be a great asset to a community if it
brings new manufacturing opportunities to the area, but
might be seen as a disadvantage for those working in 2
sector that then starts to decline,

The development of new energy sources can change the
political relationships and trading patterns between two
nations. Far example, developing a renewable energy
source might mean that 2 country is less dependent on il
from one of its neighbours, reducing the trade in oil,

The investment in certain energy sources might also have
health effects for the local population, for example dust
from extraction, noxious fumes from combustion, or the
risk of radiation from nuclear power.

Environmental factors

Impacts on the environment will vary from region to region.
Many renewable sources (such as wind, solar and wave
power] do not preduce carbon dioxide emissions, which

are linked to climate change. Biofuels will produce carbon
dioxide when combusted, but the growth of the plants will
also use carbon dioxide during photosynthesis, Fossil fuels
are a major contributor to carbon dioxide in the atmosphere.

Other environmental impacts may be less obvious, but no
less important.

+ Pollution: spillage of fuel into the environment, such
as oil spills in the ocean, can cause damage to wildlife,
Burning fuels can also produce toxic gases and
waste products.

+ Changes to the ecosystem: extraction of fuels from
underground can destroy habitats for a range of animals
or their food sources. Even renewzble sources can
cause problems, for example the damming of a river for
hydroelectric power generation can affect the ability of
fish to breed.

= Visualimpact: the nzture of the landscape can be
changed, for example large areas of solar panels or wind
turbines impact on an area's natural beauty as well as
changing the local ecosystem.

Table 2.2 summarises the advantages and disadvantages
of different fuel types.

Scanned with CamScanner



Fuel type

Fossil fuels (oil,
coal, natural gas)

Advantages
Plentiful supply in some locations.

Extraction provides jobs

Existing technology: the fuel is available for
most countries to use

Does not produce carbon dioxide {impact on
climate change)

| Muclear power
{using uranium)

Small amount of fuel produces large amounts
of energy
| Power plants employ lots of people

- Biofuels A renewable source: bicethanol and wood are
(bicethanol, biogas,  both obtained from growing plants, biogas
wood) from the recycling of waste products
Growing more plants uses carbon dioxide

: | Potentially 2 plentiful supply
Geothermal power | Does not produce carbon dioxide

Unlimited supply as uses the heat from the
Earth as the power source

' Hydroelectric

Does not produce carbon dioxide
power
Water can be reused for other purposes
' Tidal power Does not produce carbon dioxide
Tidal movements not dependent on weather
. | conditions _ N
| Wave power Does not produce carbon dioxide
Arenewable source of power
Solar power ' Does not produce carbon dioxide
Sunlight is not a limited resource
Wind power Does not produce carbon dioxide

Uses a renewable resource

Table 2.2 Advantages and disadvantages of different fuel types.

Chapter 2: Energy and the environment

Disadvantages

Carbon dioxide and toxic gases when burnt
(impacting on climate change)

Extraction causes damage to local area
Limited supply: prices will rise as the supplies get

- smaller

Risk of radiation leakage (impact on human
hezlth and environment)

Waste products cannot be recycled as radiation
active for centuries

 Limited supply

Carbon dioxide and other toxic gases produced
when burnt

Alot of land is needed to grow crops for fuel

Potential removal of natural ecosystems to grow

| fuel crops.

Can be expensive to install

Only certain areas have sultable conditions

| Building of dams impacts the natural flow of

water

Villages and ecosystems may be destroyed when

' dams and reservoirs are built

Limited to specific coastal areas
Impacts on the tourist industry and local fishers

Limited to specific areas

Currently not very efficient, so large amounts of

resources neeced

Only efficient under certain weather conditions
Generation only occurs in daylight hours
Visual impact and potential damage to local

| ecosystems

Mot all locations are suitable

Generation only occurs in certain conditions (at
certain wind speeds)

Visual impact

| Usesa large area
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CASE STUDY

Biofuels: the future of fuels
or a misguided technology?

Figure 2.6 Aerial view of ploughed land on sugar cane
plantation near Ribeirao Preto, Brazil. The crops from
this plantation is used for biofuels.

Fuels that are extracted from crop plants are known as
biofuels. The three most common types are bioethanol,
biogas and wood: the growing and burning of timber to
produce heat.

Bioethanol is a renewable energy that is mainly
produced by fermentation of the sugar found in some
crops. Crops that can provide this sugar include maize,
wheat, corn, willow, Miscanthus and similar tall grasses,
sorghum and Jerusalem artichoke, These crops are often
grown especially for biofuel production. Bioethanol can
be used as a substitute for petroleum (gasoline).

Biogas is the common name for a mixture of gases
formed by the decomposition of organic matter in the
absence of oxygen (anaerobic decomposition). Biogas's
main component, methane, is highly flammable and

is therefore suitable as a fuel source. Biogas can be
produced from a range of organic wastes such as animal
manure, food waste and household waste.

Bicethanol is believed to have great potential as a fuel
for cars and trucks; it is already commonly mixed with
petroleum or diesel oil to make these finite resources
last longer.

Supporters of bioethanol production state a range
of benefits.

Cambridge IGCSE and O Level Environmental Management

«  Easy to source; crude oil is a non-renewable
resource whereas crops can be grown around the
world for years to come.

+  Reduces greenhouse gases: the burning of fossil fuels
causes increased levels of carbon dioxide production,
While the same is true of bioethanol, the plants
grown to provide the fuel use carbon dioxide to
produce sugars via the process of photosynthesis.

+  Economic security: not all countries have a supply
of oil, but many can grow suitable crops to produce
bioethanol. There is less risk of a lack of supply if a
country can produce its own fuel.

Those against increasing the use of bioethanol state a
range of disadvantages.

«  Food shortages: bioethanol is produced from
crops with high quantities of sugar that also tend
to be food crops. When there are people short of
food across the world, it does not seem right to
use potential food as fuel rather than feeding the
hungry.

«  Water usage: the crops need a lot of water, which
can lead to a shortage of water in some areas for
humans and their livestock.

+  Industrial pollution: while the amount of carbon
dioxide produced by bioethanol may be less
than by fossil fuels, the factories that produce
bioethanol do emit pollutants, which can affect the
local population.

+  Monoculture: the energy crops used to make
bioethanol are grown in the same large fields
year after year. This means the soil becomes
short of nutrients, adding fertilisers can cause
water pollution and the crop will also need the
application of pesticides, which will affect the local
ecosystem.

Questions

1 Why might the production of bioethanol be more
attractive to a country with few oil supplies rather
than one with large oil reserves?

2 Why, on a worldwide scale, is the growing of
biofuels seen to be important, even though there
are some clear disadvantages?

3 Why might a farmer choose to grow crops for
bioethanol production rather than crops for
food production?
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Bioethanol: the creation of ethanol fram fermentation

Biogas: the creaticn of methane from the breakdown of
arganic materials in an anaerobic digester

2.3 The demand for energy

All experts predict that human use of energy will continue
to increase over the next 40 years, with the challenge of

z limited supply of non-renewazble resources. Nobody
knows exactly how long the supplies with last. Predictions
from many years ago have proved to be inaccurate as

new deposits have been found znd, as the price of the
materials has increased, it has made mining or drilling in
new areas economic.

What is certain is that the world price of non-renewable
energy sources will continue to rise with the increase

in demand and there is only a finite amount of

these resources.

Chapter 2: Energy and the environment

The demand for energy

A review of the energy use within different countries shows
that there is a significant difference in the amount of
energy used per person of different populations, There are
a number of contributing factors.

Industrial demand

The use of energy per head of population is far lowerin a
traditional farming community that itis in 2 community
that has become industrialised. Manufacturing requires the
use of large quantities of energy in all stages of production.

Iron and steel production, for example, has an extremely
large energy demand, using fuel to melt iron ore and refine
it (Figure 2.7), Additional heat is also needed to shape the
resulting product.

The advance in manufacturing technigues has resulted
in technological advances in the products and also
made them more affordable. This means that many
items are no longer considered as luxuries but instead
as necessities: more people want to buy them, and the

Figure 2.7 The production of iron and steel requires the use of very high temperatures, needing large quantities of energy.
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increase in demand leads to increasing energy needs for
increased production.

Domestic demand

The impact of more efficient manufacturing processes has
meant that many goods have become more affordable.
Televisions, for example, were once only seen in the homes
of high earners in the developed world because they were
so expensive to produce. They are now widely available,
many households having more than one. The same trend
can be seen with cars, computers and mobile phones, to
name just a few.

Domestic demand is created by affordability and
availability but is also driven by the need to keep up with
the neighbours. Items that a decade ago would be seen
as a luxury are now considered to be a necessity in many
cultures. Most of these purchases increase the demand
for energy supplies, most notably the need for a reliable
electricity source.

Demestic demand and changing purchasing patterns have
resulted in consumers in some countries wanting and
expecting to be able to get fruit and vegetables that are
not naturally in season locally. This demand can be met
by either producing them in controlled conditions such as
a glasshouse (see Section 3.4) or growing them in a more
favourable climate and transporting them via air freight. In
either scenario, the energy cost is significant.

Transport demand

The drive to develop efficient systems of production has
meant that in many locations manufacturers are supplying
customers across the globe. While this may decrease
production costs it has significantly increased the costs

of transportation. Some estimates suggest that there

has been a fourfold increase in the number of shipping
journeys in the past 20 years. There has also been a
significant increase in the amount of air transport.

Both modes of transport require large amounts of fossil
fuels to operate. Although the cost of transporting

goods across oceans is significant, the cost savingsin
manufacturing still make them attractive to the end
customer, zlbeit the amount of energy used in the process
is greater than if produced locally.

Economic factors
Domestic demand for energy (and the purchase of
manufactured goods) will be dependent upon the relative

affluence of the people within 2 country. If economic
conditions are good, there will be higher employment

and more money to spend on luxury items. If economic
conditions are poor, families will have less available
money and will need to make savings, which could include
reducing the use of fuel and the purchase and use of
electrical items (which also use energy).

What is seen at a small scale (within a family) can also occur at
a national level within the economy of a country. If a country
has less income because of a reduction in manufacturing, it
will have less zbility to import foreign goods,

A poor economy will mean:

+ less manufacturing (less energy used)

+ fewer goods to transport {less energy used)

« aninability to purchase foreign energy supplies.

Sometimes the impact of 2 reduction of manufacturing in
one country can have an impact on the global economy.
A reduction in the economy of China in the mid-2010s
meant a worldwide:

- reduction in demand for steel

+ adecrease in the amount of manufactured goods
transported by ships

+ adecrease in the price of oil (because worldwide
demand had decreased as 2 result of the two
factors abovel.

Climate
Comparing the energy usage in one country with another
is also complicated by the prevailing weather conditions.

People living in a temperate climate are likely to
experience colder winters than those living in a more
equatorial climate. The energy demand for heating in
colder climates is likely to be far higher. In the winter
manths, the population glso experiences fewer hours
of daylight, with a corresponding increase in use
electric lighting.

Climate change has resulted in extremes of weather

that have not been experienced in over a generation,

for example excessive cold and heat to name but two,
These have resulted in increased energy consumption,
particularly from those living in urban areas, either through
the need for additional heating or the installation and
operation of air-conditioning units.
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y Table2.3shows the approximate amount of
2. energy used per head of population in a year

Eritrea 188

lceland (22560 \
Srilanka 636 |
UsA 8538

Table 2.3 The approximate amount of energy

used per head of population in a year (expressed
as watts year™).

a What percentage of the annual energy
use of a person from Iceland is used byan
equivalent person from Eritrea?

b Explain the reasons for the differences in the
energy use between the two higher countries
and the two lower use countries.

2.2 Iceland relies mainly on geothermal energy asits

power source. Describe how this could be used
to generate electricity.

Ithas been stated that a healthy or strong world
economy is poor news for energy use. Describe
why this might be thought to be the case.

2.3

2.4 Conservation and
management of energy resources

As identified above, the world is faced with an increased need
for energy because of an increasing population, a greater
demand by industrialisation and improved living standards. It
is not known how long supplies of non-renewable fossil fuels
will last, and there s currently insufficient generation from
renewable sources to meet all of the world's needs.

What are the options for resolving this situation? Would
Eovernments agree to all countries taking a share of the
available energy resources? If so, what about countries that
are colder and need energy to keep warm and use lights

in the winter months? Should industrialised countries cut
back on their use of energy while others catch up?

Itis unlikely that any of these situations would be agreed
upon by all countries. However, there could be agreement
on careful management of the resources that are used.

Chaptar 2: Energy and the environment

Strategies for effective energy use
Reduce consumption |

Energy use has increased rapidly within the last decade, |
and there is the prospect of an energy gap: a difference

between the potential demand and the available supply.

When this occurs, it means power cuts and, in the case of

fuels such a petroleum, the risk of fuel rationing,

It may be possible to use more equipment and less ;
energy if the equipment uses energy more efficiently, |
i.e. there is less waste. One example would be to reduce

the amount of energy used to heat a building. In colder

climates, a large proportion of energy is used to heat

buildings so that they are at a suitable temperature for
people to live comfortably.

A standard house loses heat through a variety of routes.
Figure 2.8 shows the proportions lost.

30-35% through
the roof

21-31% through
windows

6-9% through
air leakage |

Figure 2.8 The percentage of heat lost from an insulated '
house in a temperate climate.

How can this heat loss be reduced? There are a number
of different technologies that can be used, one of them
being insulation. Using a construction material with good
insulation properties will prevent loss of heat to the air

in the same way a blanket keeps a person warm. Less
heat lost will mean less energy is used in replacing it. In |
our example house in Figure 2.8, it would be possible to '
add an insulation layer into the roof space (sometimes .
called loft insulation). This is where most heat is lost, so |
an investment in this area is likely to have the largest
impact. Similarly, a lot of heat can be lost through the
walls so including an insulation layer here will also reduce
energy use, Some homes are built with a cavity between
the inside and outside walls. If this gap is filled with an
insulating material, heat will pass through far more slowly
than if this space was filled with air, Figure 2.9 shows the
construction system for cavity insulation.
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Figure 2.9 Heat from within the house is prevented from
escaping by an insulation layer inserted between the

two walls. This cavity wall insulation can be made from a
variety of insulating materials.

In our typical house in Figure 2.8, a lot of energy is

lost through the windows. A reduction in window size
would reduce this energy loss, but is likely to increase
the amount of energy used from artificial light. Instead,
€nergy use can be reduced by double glazing the
window. This technique uses two panes of glass with a
gap in the middle to act as an insulator. The gap needs
to be filled with a clear material (unlike cavity wall
insulation). This sealed gap is sometime filled with an
inert gas such as argon, or might simply be filled with air.

The fact that the gap is sealed will improve the insulation
properties of the window.

Further savings could be made using triple glazing (three
panes of glass), but many householders consider this to be
too expensive for the amount of energy they are saving,

Other ways of reducing consumption

While house design and the use of insulation may be major
ways of reducing consumption, there are other practical
things that can be done.

Electrical devices should be turned off when not in use.
Many devices, such as televisions and computers have
a so called ‘standby’ mode that enables them to be

Management

cossed rapidly. It has been calculated that the
ACCOS5E '

a.‘.ra,a_n
o around 15 watts of power even Whe

f iltg En
device us 3 e i

in this mode. Four or five devices left on standby iq,
household is the equivalent of leaving an electric ligh

on permanently.

More energy-efficient devices should hcf bought.
Appliances and machines use energy, either directly 5,
fuel, in the case of vehicles, or indirectly b?_u§'n3f11ec1rgtir
to operate. In either case, if ﬁf!wer mor.e efilclent VerSign,
are used there can be a significant saving in the AMOyng g
energy used.

While vehicle models have changed, whiFh mMakes 3 4; reey
comparison difficult, itis estimateitﬁat In the USA ¢4y
averaged less than 15 miles gallon™ in 1975 (6 km litre™)
whereas in 2010 this figure has reached 33 miles g/
(14 km litre™). The fuel used now is able to transport 4
vehicle more than twice as far as it could in the 197gg
However, developments in alternative fuels for vehicles
and further developments in engine technology are stj|
needed to meet rising demand.

Some countries have offered ‘scrappage’ schemes tp
remove inefficient machines from use, whether that
be electrical appliances or vehicles. In these types

of schemes, the consumer is paid a sum of money to
trade-in their old machine, which is then recycled. The
purchase of a new version improves energy efficiency
and, in the case of vehicles, has a great impact on air
quality as well.

Energy from waste

The consumption of finite resources such as fossil fuels
can be reduced by reusing existing materials to extract the
energy from them before they are thrown away,

There are a number of schemes, currently all on a fairly

small scale globally, that could become important in
some countries,

Anaerobic digestion is the breaking down of organic waste
(such as waste food and vegetation) using bacteria, This
processtakes placein a sealed container and produces
methane, a flammable gas that can be used for a variety of

heating purposes. The composted waste can be used 0
land to improve soil structure,

Household rubbish can be incinerated (burnt) mlp_rﬂd‘-'te
heat, which again can be used to generate electricity.
While this process is disliked by many because it may
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CASE STUDY

duce poisonous gases during comiy, istion. the
rod :

:5 m huflﬂl‘lf" [ﬂ_‘-h‘l is small in volume
rom > ;

lots of space when disposed of,

wasip
and does not {ake up
The food-processing industries use |
of cooking oils in the preparation
of foods. These vegetable oils,
disposed of. Schemes in m

Arge quantities
and Manufacture
once used, need o be

any countries exist to collect
these ails and recycle them intg biofuels suitable for

running vehicles. In some cases, it is an additive to fuels
such as diesel, in others, the vehicles may run exclusively
on this biodiesel,

Education

While new technologies and innovative desi

ENs can
be developed, they will have little impact uy

nless the

Ahouse that needs no energy:
is it possible?

The challenge for man
that requires as little e
(Figure 2.10). This is P
where winter te mpera

Y designers is to develop a house
Nergy input to run it as possible
articularly difficult in countries

tures drop below 0 °C.
The Passivhaus Institut

the development of buyj

€ in Germany has pioneered
Iding design tech nology that

By used to operate a house, In a
comparable temperate

climate, a Passivhaus (or passive
amount of ener

andard’ house,

house) can red uce the

Y used by up to
90% compared 1o a ‘st

Figure 2.10 The use of different materials and technology
cansignificantly reduce the energy use of a house.

benefits of the technology is communic

ated to others
Many countries have

set up special energy conservation
departments to help promote new ways of thinking and
the purchase of more energy-efficient systems, This
education process is not always easy; inve

equipment for the home or factory might be expensiva,

and more expensive than a traditional method. Research
has shown that while individuals are concerned about the
environment and the use of natural resources, they are not
often prepared to pay extra to care for it

The educational message must be that significant

savings in energy bills can be made over the longer term
by reducing energy use, even if there is an initial cost.

This education should be re-enforced by governments
insisting that energy-efficiency ratings are provided for

stment in new

Design features often include:

*  high levels of insulation
airtight construction
high insulation windows
glass and triple glazing)
use of a heat exchanger to capture excessive heat
produced by the occupants

aground heat excha Nger to capture heat from lower
levels in the ground

(using special reflective

solar panels to produce electricit

Y and to heat water
pipes.

To date it has been estimated around 20-
structures have been built on this princi
the majority in Germa ny and Austria.

25000
ple worldwide,

Questions

It has been calculated that the energy used within
a Passivhaus is approximately equal to 1.5 dm® of
heating oil per square metre of living space. How

much oil would be used in a ‘standard’ house?

2 The energy savings from this building design are
huge. Suggest reasons why so few houses have been
built so far, even though so much energy can be
saved.

3

Why might the aim of a house with no energy input
not be possible?
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ctricter building regulations requinng new m,,_ﬁ“”“ip
$ i

new products to they can be compared with other models

e energy efficient
when making a purchasing choice (f ipure 2.12). to be m I
preventing the sale of inefficient types of light bulbs

force the use of other types.

to

In some countries, where the use of education to get the
desired response is too slow, governments have passed laws
to make changes happen more rapidly. Examples include:

How well do materials reduce heat loss? Method
»  Setup the three jars in a row, each with a thermometey

Oneway to re h ! i ak )
ekt sl ey Yol ot {or probe) through the lid (Figure 2.11).

sure it is not wasted. In temperate climates a lot of energy is
used to heat a building. This simple investigation will help to + Labelthejars A, B and C.
evaluate how much heat insulation will retain, reducing the «  JarA:do not add any covering,

amount of energy used. « JarB: add a covering of paper.
» JarC:wrapin the towel or putinside the sock.

+  Add the same volume of boiling water to each jar and pyt
on the lid on firmly.

*  Record the temperature in each jar over the space of 1 h
at 5 min intervals.

+ Presentyour results in a table and in a line graph.

* Threeidentical glass jars with lids, each lid with a hole
for a thermometer or temperature probe

= Three temperature probes, for the top of each jar
* Boiling water
= Atowel orsock

= * Apiece of paper
thermometer or temperature probe

no.covaing 10 Jef jar wrapped witha  jar wrapped |
sheet of paper Pped in a towel

Figure 2.11 The experimental set-up.

Questions 2 Whywas jar B included in the experiment?
1 What does the temperature changes in jars A and C 3 What could be done to make the water stay hotter
tell you about the heat loss through glass and through for longer?

an insulator?
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Figure 2.12 Examples of customer information labels for new

is possible to compare the energy efficiency between model

Alternatively, some governments have provided grants to
encourage the purchase of more efficient technologies.
Examples of the use of these grants include:

+ insulating older houses that are energy inefficient
+ replacing older, inefficient heating boilers

* sCrapping older, inefficient cars, w

hich also emit more
pollutants into the air.

While one method is not likely
own, the use of education, legi
often have a significant effect,

to have a major effect on its
slation and grants together

Exploiting existing e Nergy sources
The choice of which ENErgy sources to use is often a
complex decision. As ide

ntified earlier, there may be
social and environmental factors to consider, but in many
situations the €conomic cost has considerable influence,
Some Countries, for ex

ample, have large coal reserves but
ére not exploiting them because the cost of extraction

s too high and it is perhaps cheaper to import fuel

from elsewhere to Provide the energy needed. As world
resources become scarcer, the price for the fuel will rise,
making coal

extraction a suitable option in the future.

Inhabitants in most countries expect an uninterrupted
*uPply of energy from their su ppliers. Electricity shortages

-

products. If they all have the same t
s before deciding which one to buy.

ype of information label, it

(power cuts), for example, disrupt everyday life and cause
dissatisfaction within a population. The responsibility of
the power generation companies is therefore tg provide an
uninterrupted supply, and the end-consumer may not be

aware what power source has been used to Eenerate
the energy.

However, this is a problem for electricity suppliers,
because the sources of energy with an available supply
and that can be stored tend to be the fossil fuels, which are
the types of Energy source that are most

polluting to the
environment and no n-renewable,

Renewable sources are not always consistently available,
presenting problems for maintaining a consistent supply.
The current solution is to use a renewable source, for
example wind turbines on a wind farm, when possible
and have a fossil fuel-powered power station available

to supply energy when conditions are not right for wind
generation (Figure 2.13).

This approach to energy supply means that there is
areliable source for industry and households and a
reduction in the amount of fossil fuels used. It may be

a more expensive option for electricity generators, I:nutlF
international agreements on emissions and use r::-f! fﬂs;:j e
fuels can mean that the electricity generators are forc

use this type of system.
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wind tarm

electricity
sub-station

Figu_n.? 2.13 Amixed generation system. Electricity is su
additional supplies are provided by the power station.

Development of other renewable technologies, such as
biofuels, could reduce the amount of fossil fuels that need

to be burnt, but currently there are insufficient supplies of
renewable sources worldwide.

Transport policies

While the manufacture of goods is a major use of the
world’s energy, the transportation of these items across the
world and the use of vehicles for personal transportation
are also significant users of energy. Governments have a
large part to play in regulating the use of transport and
encouraging more efficient use, which will mean less
impact on the world oil reserves and improve air quality.

Current government initiatives include:

. regulations regarding the quality of exhaust gases from
vehicles, and fuel efficiency

. restrictions on where vehicles may go

« taxation on fuels

. surcharges for travelling to certain places, such as cities,
at peak times

transmission of
eleclricily via
pylons 1o user 7

coal fired power
slation

pplied by the renewable source. When conditions are not optimum

+ improving public transport so it is easier and cheapertn
use than cars

+ improving routes for cyclists and pedestrians
* encouraging car-sharing

+ restricting when cars can be used, for example in New
Delhi and Paris, regulations have been imposed that
only allow cars with odd-number license plates to
operate on odd-number dates and vice versa

+ providing grants to buy more fuel-efficient vehicles

providing grants for vehicles using cleaner technology,
such as electric-powered vehicles.

Development of new resources

There are considerable concerns that the worldwide
increase in demand for energy will not be met by the
current development of renewable technologies, puttiné
greater pressure on the finite supplies of fossil fuels-
International agreements have also prevented the -
exploitation of potentially large supplies of il, §35 A
in Antarctica, because the environmental impact ""'ou,l
too great and the damage to the ecosystem irreparal’®
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. serve a tifferent purpose:
h has identified potential sources of fuels that The three components each serve a different purpose
rch ne :
Rei!‘ﬂmm not been utilised. The most prominent and
solar i

» water is plentiful, easy to handle and can be pumped
1 lechnique known as fracking.

sarsial of these uses
controve

under pressure
draulic fracturing (fracking) involves blasting la o
Hr:m:rnta'nf water, sand and chemicals deep underground
a ; !
c 1 natural gas. In order 1o obtain these l

o extract oil anc 2 i , sEatksii e odk e
(s ources, avertical hole, often 2-3 km deep, is drilled to « sandisusedto k::jnpﬂm f: Hints : ( "2
- tthe fuelrich rocks (shale rocks) they occur, allowing the oil and gas to escape, it is
Fis sometimes referred to as the proppant,

+ chemicals are added to assist the process and to stop
the blockage of pipes, but many of thern taxie,

water, chemicals and sand are pumped down into the
<hale rock laver under pressure. This causes the rocks
to fracture (split open), releasing the oil and natural

gas. which are forced back to the surface and collected.
Figure 2.14 shows the process.

Fracking: the common term for hydraulic fracking, the process
of obtaining oil or gas from shale rock by the brea king open to
rocks using water, sand and chemicals

Proppant: a material, such as sand, used to keep cracks in the
shale rocks open to allow gas or oil extraction

S
FAN AN A

Why the controversy? There are two main viewpoints

concerning the use of fracking to obtain oil and gas
(Table 2.4),

The arguments presented in Table 2.4 are based mainly on

economic reasons in the first column and environmental

reasons in the second column, but both sides have valid n
cases. The decision about whether fracking should be

allowed in a country or not will ultimately be made by
the government.

Figure 2.14 The fracking process: splitting open oil-
containing (shale) rocks deep underground.

Fracking is safe and should be encouraged because: I Fracking isunsafe and'should'be banned Decause:

Itallows access to more gas and oil, which are in limited Thereis a risk of toxins from fracking entering the water
supply ——— table
| . s P _. BT e

U5|In.g gas and oil produces less pollution than burning coal, | The mixture of chemicals used is toxic and may affect local
 SO1tis better to extract extra su

_ pplies than rely on coal residents
Itreduces the need to import

oil or gas from other Fracking uses alotof water, which may reduce availability
countries

for other purposes

' Shale rock is Em)nE Eaﬁmﬁ@

ound, far below the water | Noise pollution: fracking in an area will affect the local
table, so Poses little threat.

e threa community

' Oiland gas have been drilled for many years and this is just | Natural areas will be destroyed when new drills are

| @nother deep method developed

! Fracking will supply many jobs locally Fracturing lower levels of rock may cause additional earth
—_— tremors

{ e The longer term impact of the technology is not known and |
f - any damage done may be irreparable |
Table 2.4 The

views of those in favour and against the use of fracking.

:
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ASSESSMENT QUESTIONS

2.4 Governments need to encour ape businesses

and individuals to become more energy
efficient. They can do this in a number of ways,
by legislation (to force a change) or by policies
that encourage change. Copy and complete
Table 2.5 with examples of programmes that

have been introduced by governments. One has
been filled in for you,

-

sovemmentforcesa | Governmen

hane =3
badacily 42 i

el iy

Restrictions an when
cars may be driven

Table 2.5 Methods used by governments to
€ncourage energy efficiency.

2.5 Ithas been Suggested that in a2 world with

limited energy supplies governments should
reach an agreement to share energy resources
equally based on the number of people in their
Populations. Explain why this might be unfair.

2.5 Impact of oil pollution

Despite the research into other forms of energy, the world

is still very reliant on oil. There are a number of reasons
for this:

* itisrelatively easy to store and transport

* itis easier to extract from the ground than solid
materials such as coal

* itcan be made into a number of different products

« itusually produces less pollution when burnt compared
with coal.

The challenge for the world economy is that oil is not present
in every location, so the supplies have to be transported
great distances to reach the customers, The scarcity of
supplies also means that those who have oil reserves have
great economic power because the demand is so great.

Qilis a toxic material and spillages can cause great
damage. Crude oil (the unprocessed form of oil, extracted
straight from the ground) is thick, dark and sticky. Itis alsg

flammable. The impact of an oil spill can be e,
o o 2 . :
Table 2.6 lists of some of the largest oil spill-
; 6 lie
their causes.

'-h!,lrl,
> TCOrCley .
h'rj afid

Table 2.6 does not tell the whole story, howeyer becaye, "
amount of oil spilt does not necessarily indicate th, leve |'rf
environmental impact. The il tanker Amoco Cagj, |-.;|r_.'.$,]:_H
a far smaller volume of oil than many of the other SPillage,
listed but had a far greater impact because of the s 3
of the oil and the difficulty in cleaning it up, Qi spill

. Sat ge,
generally have a far greater impact than those gn the lang

The three main causes for marine oil spills are-
« offshore oil extraction, with leakage from the rigs

+ oil pipelines, with leaks in the pipework moyin

B the gj|
to storage

« shipping and transporting the oil, with the risk of
collision or damage to the oil tankers,

How does an oil spill impact
amarine ecosystem?

While Table 2.6 lists many of the high-profile il spills,
environmental damage also occurs around the world ag
a result of small spills, the washing and cleaning of boat
and through seepage from the seabed.

Regardless of the cause of the il spill, the impact can be very
significant. The damage or remaval of any marine organism
will have an impact on the food web for the area, potentially
resulting in food shortages for animals that use the initially
affected organism as a food source, or a population
explosion of organisms if their predator has been removed.

Qil spills can cause the extinction of a species within a
locality; if that Species is already critically endangered,

the loss of one more population may mean the loss of the
entire species.

The long-term impact of an oil spill is not fully known;
clearly some organisms are killed outright, but the long-
term effects on the health of organisms consuming
quantities of gil during the first generation and future
generations is uncertain, Some of the known effects of an
oil spill on particular organisms are listed in Table 2.7.

Oil slicks will also have an impact on the local economy
of affected coastal areas, There may be a reduction in
fish population, which will affect the livelihoods of fishé's
aswell as affect the availability of food for locals. Many
coastal areas rely on the tgurict industry, and oil on
beaches can have an impact on tourism by reducing "
area’s attractiveness as a holiday destination.
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Kuwait il Lakes 10a]

K

Cause of spill

Approximate amount of
crude ofl spilt (thousand

War 5000
The Lakeview Gusher 1910 USA Onshore ail extraction 1200
pecpwater Hotizon 2010 USA coast /Gull of Mexico Offshare oil extraction 579
hio.c 11979 . Mexico / Gull of Mexico Offshaore il extraction ATS
Atiantic Express 11979 Trinidad and Tobago Oil tanker collision 287
Fergana Volley 1992 Uzbekistan Onshare oil extraction 285
.-*-Fs% Summoer [99] Angola Oil tanker . 260
4moco Cadiz 1978 | France  Oil tanker crash 223

Table 2.6 Location of large oil spills and their causes,

Organism or
habitat

Phytoplankton

Description

Microscopic organisms living in the seawater with
the ability to photosynthesise. They provide food
for many larger organisms

Impactof oil

Oil floats on the surface of the water and
prevents light from entering, This prevents the

phytoplankton from photosynthesising, so they
die

es die,

| Fish ' Different species are present throughout the Shortage of food due to real"r:tion in
 Oceans, some feed on phytoplankton and some phytoplankton. Qil floating on water surface
prey on other fish. They are food for mammals prevents gas exchange. Fish become short of
and birds oxygen and die. Fish are also affected by the oil
' through direct contact, which affects their gills
Birds Mobile over large distances, feeding on fish, often Shortage of food as fish and other creatur
| diving into the water to catch them. Others wade | May consume oil when eating fish (which can be
at the coastal edge feeding on fish and shellfish | toxic); when hunting for food, feathers become
. coated in oil, affecting their ability to fly and
_ buoyancy
Mammals Marine-based mammals, for example dolphins | Food sources are depleted by the impact of the—,
. and whales, will often travel great distances ail. The mammals may also swallow oil while
: chasing prey feeding, which will be toxic to them. A coa
Reefs

ting of :
| oil will affect their skin, etc.

A complex ecosystem, the habitat for a wide
“community of organisms

An oil slick will prevent sunlight from reachi ng
plants and phytoplankton, preventing
photosynthesis occurring. Lack of oxygen will
Cause other species to die. The impact on the
balance of the whole reef might cause complete

devastation. Areas of reef may become covered
in oil '

Adistinct ecosystem supporting a range of land-
based and aquatic organisms

|
‘BWaEhes'

|
Oil is often washed in by tides, coating rocks.

pools may be killed by the toxic effects of the oil.

Table 2.7 The effects of an oil spill on different organisms and habitats.

_

Organisms living in shallow water and rock |l

Animal foqd sources will be affected
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Referring to Table 2 6, explain why the amount of

2.6
Oil spilt does not have a direct correlation with the
amount of environmental dam: e that results.
2.7  Why does pr eventing light from reac hing the

Sur r;cn of the sea have such a big effect on the
marine ecosystem?

2.6 Management of oil pollution

_ as oil is being used and transported there
wil| continue to he oil pollution incidents, Worldwide
Cooperation is allowing the development of strategies to
reduce the number of marine oil spills, and avoid spillage
of other substances that may affect the environment,

As long

Reducing oil spills in marine environments
MARPOL
After many vears and intense diplomatic negotiation, the
International Maritime Organization, a United Nations (UN)
Eroup that supervises the safety and security of shipping,
obtained agreement for the MARPOL treaty. MARPOL
{which stands for Marine Pollution) is the International
Convention for the Prevention of Pollution from Ships and
S€Ls out a number of regulations coveri ng pollution by oil,
sewage, rubbish and toxic liquids, among others, The initial
@greement was signed in 1973, updated in 1978 and came
into force in 1983, Prior to MARPOL it was common for ships
to dispose of waste, or clean their storage tanks, in the
middle of an ocean, with unknown environmental effects.

Under the MARPOL regulations, rules have been
introduced to cover the process of transferring crude oil
from one vessel to another while at $€a, a commaon cause
of smaller oil spills. All tankers must be certificated to
show they have appropriate systems in place, and records
to show that they are being used. Failure to comply with
these regulations can result in a heavy fine or the ship not
being given permission to leave port until suitable systems

are in place and verified as working.

Tanker design
As well as regulations to ensure best practice by those

transporting potentially damaging substances, attention
has also been focused on the design of ships themselves.

As highlighted above, while there may be larger oil spills on
land, the ability of oil to spread on water makes the impact

at sea far greater.

- etanilie: t il 5
|lH'|$" reason for a sigmificant o pill 1"”” ]

ype ta the hull, Clear., .
felamag Arly 5 thlr_\.

The most I
F Fil rnrl[bﬁ

ranker is SO ; o i

; - FIEE fre

in the hull of the haat will allow i Is te r.r_,._aru_l_

gn features have been added to modern Parike,
; =I5
i o in the number of ¢ r.n'.[;—jrlm,_,m% 2

contained within the hull of the ships if Thﬂrfl Irrq;"“r‘ﬁ’,‘: in
one section the contents of the whale hull are et 1“"‘t-The
second and more important development has bean
F'-I1In,1dur\’.1 ion of double-hulled tlan kers. A double. hulled
ship is one that has been built with two hulls, so that if there
is damage to the outer layer (or pllr:ItEJ the contents are still
held securely by the inner plate, Figure 2,15 '”ustrateﬂhis.

Twao dos
The first is an increas

single hull double hull

crude
crude oil
ol

inner plate outer plata

Figure 2.15 A cross-section through a single-hulled ang a
double-hulled tanker. The inclusion of another layer (plate)

provides protection for the cargo if the hull is Punctured,

The cost of building double-hulled tankers is Signilicantty
more than the cost of a single-hulled ship but the risks
of oil spillage are far less. The cost of buying these new

oil tankers has meant that phasing out single-hulled
tankers has taken 25 years. While the use of double-hulled

tankers has not prevented all spills, there is evidence of

significant reduction.

X KEYTERM

Double-hulled: a ship design that uses a second layer,
allowing the cargo to remain safe if the external layer is

damaged

Minimising the impact of oil spills
Even with good planning and design oil can still be spilt.

he main focus in such a situation is to reduce the impact
of the spillage. The technique used will depend very much
on local weather conditions, the proximity to land and
calmness of the sea. There are various common strategies.

* Useof floating booms: a boom is a floating barrier
that can be used to surround the oil slick and prevent
it spreading to other areas. This process works well
when the spill is covers a relatively small area and the
sea is calm. It can also be used as a barrier to protect
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entally sensitive areas (such as a river ostuary)

pnw'ﬂ'.‘l"lﬂ"
while a spill is dealt with. Booms do not work very wel|

when the seais rough and stormy, conditions that
setimes were the cause of the damage to the ship.

son
petergent sprays: detergents help break down the oil
slick into smaller droplets and disperse it. The smaller
droplets of oil will float away and degrade over time.
Detergents are most effective on smaller spills but
recent research has suggested they can cause more
environmental damage than the crude oil itself. Coral
reefs appear to have a low tolerance to detergents.

skimmers: these clean the water without changing
the chemical or physical properties of the oil. Using a

After completing this chapter, you should know:

= the names and formation of fossil fuels

# the classification of energy sources

n how energy is used to generate electricity

= the advantages and disadvantages of different
energy sources

Chapter 2: Ener] )'J‘MJ.I_.;;,F-I':II ;{_t'.m

material that ail easily attaches to, the skimmer drags
oil off the seawater surface, which is then mechanically
scraped offinto a container, This system is often used
ance an oil slick has been contained within a boom. It
is avery uselul technique, but skimmers will not work
effectively in rough or stormy sea conditions.

When oil reaches beaches, the only effective way to clean
the beach it is to physically remaove the oil by hand: a
difficult and time-consuming operation,

Whichever method is used for collecting spilt oil, the
authorities are then faced with the challenging job .
of disposing of it safely and in an environmentally

sensitive way.

= the factors affecting energy demand

m  strategies for management of energy resources

m the impact of il pollution on marine and coastal
ecosystems

m strategies for managing marine oil spills.

End-of-chapter questions

1 Some people argue that while it is a non-renewable resource, using a nuclear
fuel such as uranium is a suitable replacement for fossil fuels. Give three
pieces of evidence that might support this view.

2 Obtaining energy from the burning of household waste is one solution to
meeting energy needs. Give one environmental advantage of using waste in
this way and one disadvantage.

3 Acompany has produced a planning application to start fracking in your
local area. Outline a case to present to the local planning board to object

to this application.

4 Suggest reasons why the MARPOL agreement might not be as effective as

it was intended to be.

effects on a coral reef.

Describe how an oil spill and the clean-up operations may have damaging

[3 marks]

[2 marks]

[4 marks]

[3 marks]

3 marki])

pec
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gxxon Valdez: an environmental disaster

The Exxon Vialdes may not be listed among the largest oil spills in Table 2.6 but it has certainly proved to
C

he one of the most environmentally destructive (Figure 2.16),
LA

On24M arch 1989 the tanker had just left the port of Valdez in Alaska fully loaded with oil. An
m,_\pu:..'nu d junior officer in charge of the ship steered the tanker wide to avoid ice in the shipping lane
and collided with the nearby Bligh reef. The tanker, the Exxon Valdez, was of single-hull construction,
and the jagged rocks of the reef created a large hole inits side, allowing around 36 000 tonnes of oil to
escape into the sea.

EXTENDED CASL STUDY

The local arca, the bay of Prince William Sound, was soon covered in oil. The slick spread far and wide: oil
was reported to have reached beaches over 1000 km aw ay from the incident (Figure 2.17).

By

Figure 2.16 A spill of crude oil causes significant environmental damage and is costly to put right.
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Alaskais a unique area for wildlife, with harsh weather conditio
reserves of crude oil. Part of Alaska is within the Arctic Circle,
ice and snow present for much of the year. As a result, the local
adapted to the local weather conditions and food sources,

ns. It is sparsely Populated but has large
and the seas often freeze, with areas of

ceosystem is fragile, and animals are well

The Exxon Valdez accident had a major impact on local wildlife: larg .

eagles, otters, seals and thousands of sea birds were killed in the :i:::ej‘:: T::E: O;E.[kmtr wehuley (mca}-‘
had either come into direct contact with the oil or ingested it wh ile huntin s e gepaniad
the oil caused slow, painful deaths. The crude oil also impacted the loca) sti
both important items for the local fishing industry.
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The clean-up
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Even though people were on the scene rapidly, the oil had already spilt across the sea's surface. _I }_” r:‘ i
were used to try to break up the slick, but there was insufficient wave action for this to work efficiently,
second attempt to apply detergent (this time by aircraft) missed the target area.

An alternative method was tried: 1o ignite an explosion in the oil slick to get the oil to burn. The trial

explosion did cause the oil to burn but lead 10 health prablems for local villagers. so no more attempts
were made.

The remoteness of the site meant there was a delay in getting equipment such as booms and skimmers to
the site. While some areas of the slick were successfully held back by the boams, the skimmers could not
cope with the quantity of oil clinging to seaweed and soon clogged up. It has been calculated that only

around 10% of the ship's cargo was recovered because so much oil was swept into remote rocky coves that
were difficult to reach.

More than 25 years later, it is still possible to find oil on lacal beaches: a potential toxin 1o all wildlife.
Ttems such as shellfish, which filter feed from the local water, are polluted with oil and unfit for humans to
eat, although birds and otters still do. The impact on local wildlife is immense; researchers have looked at
32 animal types and habitats and have found that only 13 have fully recovered. They have concluded that

the ecosystem will never be entirely restored. Since the Exxon Valdez disaster changes have been made to
try and prevent such an accident happening again.

Questions

1

2
3
4

Outline the causes for the accident.

Explain why so many large mammals have been affected by the oil spill.

Other than the environmental damage,
Changes have been made as a result of the
you would make to prevent a similar accid
Environmentalists ar

the area is so env

how have locals been impacted by the oil spill?

Exxon Valdez incident. Suggest three recommendations
ent from occurring,

gue that extraction of oil so close to the Arctic Circle should be banned because
ironmentally sensitive. Give an Opposite argument in support of oil extraction.
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Chapter3
Agriculture and the environment

Learning outcomes

=

By the end of this chapter, you will be able to:

describe what soil is made of

describe the components of soil that make it good for plant growth
explain how sandy and clay soils are different

discuss the different types of agriculture

discuss how agricultural yields can be improved

discuss the impact agriculture has on people and the environment
explain the causes and effects of soil erosion and how it may be reduced
discuss different ways in which agriculture can work sustainably.

-
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food for thought

ot hel measured by the area ol land used or the
“::1;.9!1 of people involved, agriculture, the pravision
r\;lf;:ﬁdl is the largest industry on the planet. It is not

: onsing. therefore, that it can potentially have a major
-,‘.;..P.-;\:1|11ﬁ"ﬂt¢1| impact. knowing about all the potential
:~'re-:5 and how they can be managed is of preat
impartance to the health of the planet. The ¢ hallenpes
are large and the solutions are complex: the human
population is growing rapidly and needs to be fed, and
evisting farmland is often overused, depleted of mineral
nutrients and suffering from soil erosion,

what are possible answers? Cutting down more forest to
turn into farmland will mean a reduction on natural habitat
for other animals and plants. Increased use of artificial
fertilisers and pesticides will increase the amount of food
but can also damage the ecosystem. More irrigation will
help crops grow better but can also mean less drin king

water for the increasing human population. Some parts of
the world are already short of water.

Should we be banned from eating luxury foods® so that

the resources can be used to produce larger quantities of
staple foods that will feed a larger population? Would such

3.1 The soil

Soilis fundamental to the growth of plants, and ultimately
the success of all other living creatures. It can be argued
that a person’s standard of living is determined by the
quality of the soil where he or she lives, and the types of
plants and animals that are farmed there as a result. Soil is

anatural resource and needs carefyl management to keep
itin good condition.

What is soil?

Sailis a habitat for plants and other organisms that grow

withinit. It is made up of a number of components. There
are four main groups:

mineral particles, which are a combination of rock
fagments and other smaller inorganic (non-living) items

Ofganic content, which is a mixture of living plants and
animals and their dead remains

anidea cause tiots and wars? What about freedom I:
ol choice? '

There are ne 2asy answers, but some creative solutions to |
the prablems are presented in this ¢ hapter. This chapter

will help yvou understand the fundamentals eof the precious

resource soill, how it ¢ an be used and misused. This

understanding will help you identify strategies that are

needed for feeding the world population now and in the 1
future,

Figure 3.0 Agriculture:
big responsibilities,

alarge worldwide indu stry with

air, which is held within the spaces (pores) between the
particles and organic content of the soil

water, which is also held within the soil pores and is the
water that is available for plants to grow.

The proportion of each of these four components will

vary depending on the type of soil and the way it has been

managed, the local climatic conditions and the size of the
mineral particles,

Figure 3.1 shows the composition of a typical cultivated
soil. In most soils the volume of solid material {organic
content and mineral particles) will be in excess of 50-60%.
The pore spaces will contain a mixture of water and air, and
the proportions of these will vary constantly depending

on rainfall and the uptake of water by the plants’ roots.
The amount of air in the soil will also be reduced by sail
compaction and increased with cultivation,
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mineral particles

LT T e ——

Figure 3.1 The proportions of componentsin a typical
Cultivated soil. Note that the proportions of air and water
will vary depending on plant water use and rainfall,

Where do the soil components come from?
The mineral particles occupy the largest volume within
soil. The particles are formed from the weathering and
€rosion of the parent rock (the rock underlying the soil).
Over time these rocks are broken down into smaller and
smaller particles. This process is known as weathering.
The movement of these fragments (and other soil

components) is known as eresion. The weathering of rock
can take a number of forms,

Physical weathering is often Caused by frost, heat, water
and ice or wind. The rock can be broken down in a number
of ways, such as water expanding as it freezes within
cracksin arock, rocks heating up, causing them to expand
and crack, or wind blowing fragments of rock that collide
with other rocks, wearing them away. Glaciers also cause
weathering as they move through avalley: the large volume
of ice causes friction against the rocks, wearing them away.

Chemical weathering can be caused by carbon dioxide
(in the air) combining with water to form a weak acid,
carbonic acid. This acid can react with alkaline minerals
in the rock, causing the rest of the rock to crumble. The
increase in air pollution has also increased the amount
of other acids within precipitation, often described as
acid rain. These acids also attack the surface of the rock,
causing it to break down.

Biological weathering is caused by processes such as the
growth of plant roots into the eracks in rocks, causing the
rock to split cpen and small fragments to break off. Rocks
can also be broken by the movement of animals across
them. Organisms in the soil can also produce carbon
diozide, which, when combined with soil water, will form
carbonic acid, adding to the chemical weathering effect.

'

., IF Ll IL_! ] 'L.j il :;-_ e _—ﬁ

The word erganic means derived from living things

The arganic component of the soil is a mixture of l"‘r'”ii
plants, animals and microorganisms along with thej deag
remains. Many of the organisms present in soil haye arole
in the decomposition of these remains, rF_‘|Qa‘.inp‘ Nutrient
that are then available for use by plants, These Processe
and the movement of soil animals (such as earthwormg)
make channels within the soil that allow air and water tq
be held in the soil pores (spaces). Air enters the 5ol by
diffusion; water enters the soil when there is Precipitation
or when the soil is irrigated.

Weathering: the processes that cause rock to be broken down
into smaller particles

Erosion: the movement of rock and sail fragments to different
locations

Organic: derived from living organisms

Particle size

The size of the soil particles has a major effect on the
properties of the soil: how well it holds or drains water, its
capacity to hold mineral nutrients and the ease with which
plants can grow in it and be cultivated. Soil mineral particles
can be classified according to their size into three groups:

« sand
+ silt
+ clay,

Sand is the largest mineral component of soil. The
International Society of Soil Science (ISSS) describes sand
as having particles between 2 0 mm and 0.02 mm in size. It
is easy to see the individyal grains with the naked eye, and
sand feels gritty to the touch, The large size and irregular
shape of the particles mean that they do not pack together
easily, so there are large pores between the grains of sand;

this allows water, air and sl organisms to move through
sand easily,

Silt particles are smaller than those of sand, being
between 0.02 mm ang 0.002 mm in size, Silt feels silky
Or s0apy to the touch and when rubbed between the

fingers the particles slip over each other easily, unlike
sand particles.

Clay particles are the smallest mineral component, being
smaller than 0.002 mm in diameter. Their small size mt’?“;
that they pack closely together, which reduces the Jblhgs
water to drain through the soil. When damp, clay partict
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seed vy stvhy and are easily moulded, when diy they stick
ot e sOT This s why law s vsed to myake pottery

g o make pots ot of sand! Clay particles have

Sireof particle

S0-0002 mm

Particletype _____|

B |

el
i
{

Silt Q020002 mm
Clay <0002 mm

Feels glty

' Feels silky or soapy

' Sticky whon wet

sutface electrical charges that affect the way they behaye
and the way they link with and release nutrients, Tahle 3.1
compares the charac teristics of sand, silt and ¢lay

Large pore sizes
1
Drains well

Contains large air spaces
|
| Less friction than sand

. Particles slippery
| Particles held together tightly

Poor air spaces or drainage

Forms a hard mass when drig;i

Table 3.1 The classification of soil particle types and their characteristics.

Classifying soil
Materials
« Soilsamples

«  Water
« Jar

Method
Part 1: The feel test

*  Take asmall amount of the soil sample (ideally removing
any large roots and stones),

= Add 2 small amount of water to make it into aball.

+  Rubthe ball between your thumb and fingers. How does
it feel? Mainly gritty means there is a high proportion of

Canlmake a1em

sand; silky or soapy means there is a large amount of silt;
sticky means there is a high proportion of clay.

Part 2: The moulding test

+ Take a ball of moist soil (not too wet).

+  Follow the flow chart in Figure 3.2.

Part3: The jar test

+  Fillajar (or other clear container) a third full with soil.
+ Add enough water to almost fill the jar.

*  Shake vigorously for 2 min.

*  Allow the contents of the jar to settle.

*  Look at the different soil components (Figure 3.3 shows
an example of what it could look like).

cube from the soil? =¥ The soil is very sandy
Can I rub the cube
yes _y between my hands no « The soil is likely to be a mixture
to make a long "~ of sand, silt and clay (a loam)
‘worm'?
Can the soil sample
yes . easily form a long yes

¥ The soil contains

Figure 3.2 Flow chart for classifying soil.

" thin ‘worm’ without

breaking up.? ebisicc

o 4
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4—— water with clay
held in suspention

——— arganic matter

silt

sand
larger stones and gravel

Figure 3.3 Components of soil separated out by shaking a

sample of soil in a jar of water. The heaviest items fall to

the bottom first. Clay particles are so small that they can

remain floating in the water for a long time, but they will
settle out over a few days.

3.2 Soils for plant growth

Most plants reguire & combination of factors to grow
successfully. These include;

* the availability of important mineral nutrients to
support plant growth

* anchorage 10 hold the roots securely in one place

« asupply of water

= Oxygen around the roots 1o enable the root cells to respire.

Soil is not the only medium in which these factors can be
supplied to plants, for example some greenhouse crops
use an expanded mineral 'wool’. However, soil is certainly
the most abundant and cheapest to use, The success of
using soil to grow plants depends on how its properties
are managed.

Of the four factors listed above, the availability of mineral
nutrients is one of the most important and one that a
farmer can have the most control over, by applying and
using fertilisers.

Mineral ions

It is important to remember that plants are not able to
consume essential mineral nutrients needed for growth
in the same way that animals do. The fact that it is often
stated that plants are able to manufacture their own

Questions

Draw up a table of your results aned compara the
different parts of the test for different soil 53 Mples,
Could the m".ullsnfitﬁtfﬂm[ﬂﬂingﬂh:-'Far,ﬂ“.p!n 4
the results that would be obtained from the ‘faq il ‘t

-3
and the ‘moulding tests'?

food (glucose) through photosynthesis is alsg confusing:
if this is the case, why do farmers give fertilisers (plant
food) to their crops?

In addition to carbon dioxide and water for the production of
sugars, which are primarily used as an energy source, plants
also require a supply of nitrogen, phosphorus, potassium and
a range of other essential elements to construct proteins, and
other chemicals to carry out plant processes. These mineral
nutrients are typically obtained through the roots of the plant
In element form, nitrogen and phosphorus are not accessible
to a plant, therefore when scientists talk about the application
of nitrogen and phosphorus they actually mean the oxidesof
these elements supplied as compounds. Potassium, however,
is taken up as potassium ions (). When dissolved in wate,
these compounds split, making the ions of the minerals
available for uptake by the plant roots (Table 3.2).

Elementname (and symbol) | Sippliedas
! Nitrogen (N) Nitrate ions (NOy )
| Phosphorus (P) f’hOSﬂhate ions (PO _
 Potassium (K) | Potassium ions (K)

Table 3.2 The three major nutrients needed by plants.
The roots of plants contain an electric charge that enablés
the charged ions to bind with them and be taken up fof
use within the plant,

el
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pH3 pH4 pHS pHE pHT pHa pHa pH10

- -

typical pH range of mineral
soils in arid regions

B

typical pH range of mineral highly alkaline soils

soils in humid regions
Figure 3.4 Scale showing the range of s0il pH normally recorded.

Soil pH

The uptake of nutrients by plant roots is affected by the pH
of the soil, 2 measure of the acidity or alkalinity. In absolute
terms the pH scale runs from pH 1 (acid) to pH 14 (alkaline).
Itis very rare for a soil to be at the very extremes of this scale,
except after major chemical spills or pollution incidents.

The pH of a soil may be dependent on a number of factors,
butin most cases the biggest influence tends to the type of
parent rock the mineral components are formed from or the
pH of the water that flows into the area via rivers or lakes. The
range of typical pH values found in soil is shown in Figure 3.4,

Why is soil pH important?

Plant growers and farmers have known for a long time that
some plants fail to grow well in certain soils even if supplied
with additional fertiliser. Sweet potatoes, for example, grow
better at a pH of 5.0-5.5 rather than a more alkaline soil of
pHE.0. If grown at a pH of 8.0, sweet potato plants show signs
of nutrient deficiency (such as yellow leaves), even though the
farmer may have provided enough nutrients. Clearly the pH
must have an impact on the uptake of nutrients,

Research has shown that while every plant has its own
preferred soil pH, not all mineral nutrients are taken

up equally. The pH of the soil will also impact on the
_auailability of these mineral nutrients within the soil. Some
1ons (the form the plant uses) are less available at certain
soil pH levels, Figure 3.5 shows this effect. If the pH of a soil
s 6.0, 2 grower would need to be aware that while there is
likely to be plenty of nitrogen, potassium, phosphorus and
;uifur available (where the bars in Figure 3.5 are wide) there
's @ risk the crop will be shart of magnesium, molybdenum
and calcium, which are less readily available at that pH.

neutral pH
4.0 5.0 6.0 7.0 8.0 9.0 10.0

00 s s s i (OO O

potassium and sulfur

calcium|
mag

-nesium
TR T 5, 5 s e
e i

Figure 3.5 The availability of some plant nutrients at
different soil pH levels,

This information gives the farmer or grower two choices
to maximise their yield (and use of fertilisers). Either they
need to check the crop and look for deficiencies on a
regular basis and apply the relevant mineral nutrient as it
is needed, or they could try to change the pH of the soil
to either acidify it, which is often achieved using specific
fertilisers that have an acidifying effect, or make it more
alkaline using a substance such as ground limestone, a
naturally occurring rock.

Signs of mineral nutrient deficiencies in plants

The symptoms of mineral nutrient deficiencies vary from
plant to plant but there are some common signs (Table 3.3).
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o Lnutrient | symptoms ¢

ot deficiency include
Slow growth, yellowing leaves
(oldest firsy)

Nit rogen (N)

Phosphorus (p) Leaves dull with blue-green colour,
Leaves fall early
Potassium (k) Poor-quality fruits and seeds, loaves
with brown edpes
Sulfur (s) Yellowing of leaves lyoungest first)

Calcium (Ca) Death of plant tissues, P

oor fruit storage
Yellowing of leaves between the leaf
. veins, Early leaf fall

Magnesium (mg)

Iron (Fe) Yellowing of leaves between the veins
\youngest leaves first). Failure to flower
Copper (Cu) Dark green leaves become twisted |
_and withered (young leaves first)
Zing (Zn) Leaves show poor development,
. | might only ErOW 10 a very small size
Boron (B)

Leaves misshapen and malformed.

Hard ‘woody’ areas in fruits and other
storage organs

Table 3.3 Common signs of nutrient deficiency in plants.

3

E‘Q_ILM% MENT QUESTIONS |

3.1 Afarmer adds some limestone to her land., What
will this do to the soil pH?

3.2 Atestof the famer's soil shows it has a pH of 8.0,
What nutrients are likely to less available to the
plants?

3.3 Listthree ways a farmer might know his plants
are short of mineral nutrients,

Soil organic content

The organic content of the soil is a combination of

living organisms and their dead remains. As with other
plants and animals, the organisms that live within soil
form part of the complex interactions within food webs
and the recycling of materials for future use. A range

of decomposers (organisms that break down organic
matter) take part in complex interactions that eventually
return the nutrients contained within dead matter back

into a form that is readily available to plants to use as
nutrients.

Many different types of organisms are involved in the
breakdown of organic matter, including:

thworms, which help break down vegetation by
sarthworms, W "
{it' ting, it as it passes through their bodies ang
digesting it

excreting the remains

« fungi, which feed directly on dead matter and arq

particularly good at breaking down tough Materialg
such as woody items

. bacteria, which work on organic material at 3 smaller
scale, converting waste products into simple chapy;

Cals
that can be used by plants.

In addition to providing a store for plant minera| Nutrien
organic matter has a number of olhi'zr effectsonseij
characteristics. High levels of organic matter have tq
following positive effects.

+ Increase the water-holding capacity of a well-draineg
soil. The organic matter acts like a sponge and absorbs
additional water when itis available and releases it when it
is required by plants. This means less irrigation i requireq

+ Increase the air spaces in the soil. The open, sponge.
like structure of organic matter allows air to Penetrate,
which is very useful for soils that naturally have fey, air
spaces. Plant roots need oxygen for respiration, and
insufficient oxygen results in root death.

Increase the number of decomposer organisms. Extra
organic matter means a more abundant food source. An
increase inworms, for example, increases the number
of tunnels or burrows in the soil, providing additional
drainage in poorly drained soils and less compaction,
increasing the amount of oxygen available to plant roots,

Prevent the loss of mineral nutrients. Some mineral
nutrients are washed away (leached) in excess water.
Humus, the material left after organic matter has been
partially decomposed, has the ability to hold onto mineral
nutrients until they are needed by plants.

As with the availability of mineral nutrients to plants, the pH
of the soil has an impact on the well-being of decomposers
in the soil. Different organisms thrive in different conditions.
Changing the soil pH can affect the ability of these
Organisms to break down organic matter effectively.

Sandy soils verses clay soils
The ideal soil

IS 2 mixture of sand, silt and clay (a loam
soil)

with a high quantity of organic matter and a neutral
pH. However, it is very rare for soils to have all these
characteristics. In some places, for example, soils have
a high proportion of sand particles, and in other places

a high level of clay. So what are the advantages and
disadvantages of each?
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volume = 1 mm’

surlace aroa ol 1 side = 1 mm?

total number of sides 6

total sudace area = 6 x 1 mm?® = & mm?

volume = 1 mm’

surlace area of 1 side = 0.25 mm? (0.5 mm x 0.5 mm}
iotal number of sidas 48

lotal surlace area = 48 » 0.25 mm? = 12 mm?

Figure 3.6 The impact of particle size on surface area by volume.

—————
REY TERMS

The characteristics of clay sails include:
=} W
Irrigation: the supply of water to a crop by the grower « slow to warm up (because of the large amount of water
Loam: a soil that is misture of sand, silt and clay, combining held in the spaces between the particles)

the best properties of each

+ small air spaces, which are harder for roots or organisms
to penetrate and contain less oxygen

+ high water-holding capacity

» Aircontent: clay soils have small air spaces that can

limit the amount of oxygen reaching plant roots. This in e does: bl aw?y‘ eas’ﬂ; & _
turn can limit respiration and the amount of possible + hardtocultivate (becauseitis sticky and wet after heavy ran,
root growth. In contrast, sandy soils have large air gaps d”eﬁ hard and cracks a&e‘ar ﬁ'fﬂ"”gﬁ'd exposure to sunlight,
allowing good transmission with high levels of oxygen and is heavy because of its high water-holding capacity)

and therefore a healthy root system. « retains nutrients well (clay particles have an electric

+ Water content: water tends to cling to the surface of particles. charge that binds to mineral ions)
Aclay soil has far more particles, and therefore a far larger The properties of organic matter mean that when itis
surface area, compared with a sandy soil. Clay soils therefore  added to either of the two types soils it helps reduce their
hold significantly more water. negative impacts, for example it provides additional water-
The concept of a larger surface area is explained in Fi gure holding capacity to sandy soils and increases the size of air
3.6 Inthis calculation, the smaller cubes are only half the spaces in clay soils.
size of the larger ones; clay particles are in fact 1000th of

the size of 2 sand grain. Reducing the average size of a cube 3.3 Agrlcultu re
by half, doubles the surface area for the same volume.

While there is no one definition, agriculture is typically
defined as ‘the cultivation of animals, plants and fungi for
food and other products used to sustain human life" Itis
relatively easy to identify the food items, but the ‘other
praducts’ can include growing timber in a plantation

There is no one ideal soil for all crops in all situations, so

the composition of a soil affects the way soil

s are managed
and used.

The characteristics of sandy soils include:

- for house building or fuel, growing plants to produce
+ free draining (because of the large air spaces medicines, breeding fish for fish oils or growing roses to
between particles) produce table decorations in up-market restaurants.
. loy water-holding capacity Agriculture therefore has a much wider meaning than you
* Quicktowarm up (because the spaces between might realise, and it does not even need to use soil. The
particles hold less water) type of agriculture used in different parts of the world
* €asier to cultivate (because the particles do not stick depends on a number of factors, including;
together easily) + climate
* Poorretention of nutrients (because there is less + culture
Opportunity for the particles to bind mineral ions and « technology
more opportunity for leaching) ;
; «  2CONOmMICS.
'3 greater risk of erosion (because the particles do not
stick together tightly).
_——
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Types of agriculture

.
With ciyeh 2

¥ i ARNPe of Ailfaram . i z
R e B diierent products, grown in different
Yays, s usef (IR E b'r

using \ Oup types of agriculture together
ISINE var

10 i
WUIS |r‘\"’-\‘\."t alions

T
Subsistence versus commercial
Subsistonce fara

wence tarmi Ll‘\tl"!"l(ll"-["-e'ﬂll\|" and production of
1'\“:":'

10 Mient +ha -
1 1« et the needs of the farmers and their families

here 1 v '
' 1Isvery little surpl
¥ little surplus food, if there is any surplus il

paig F [ -
exchanged (bartered) for other things the family
need nd rhar =
) ©05. and perhaps a small amount of cash. Subsistence
'armers aim to grow almos i

'Y BFOW almaost everything they need.

B
15 Ofter

L{‘.-f‘.*."j‘.erc.a' farmnng is the cultivation of products with the
main facus of selling them for cash, While some of the food
may be \:Isoc by the farmers (and their families), thisis only a
\l._-e'x small proportion compared with the amount that is sold,
Lommercial farms often use technology to increase yields
and reduce the costs of production. Commercial farmers aim

10 grow crops to obtain money to buy the things they need.

‘:'-.'hiie itis possible for both farming systems to provide a
la'me* with maney, it is the proportion of food that is used
ioreach purpose that is impartant.

Arable versus pastoral

Another way of describing the type of farming is by the
type of product,

Arable farming i< the production of plants for consumption
Dy humans. Examples include growing rice, maize, wheat
and soybeans. The scale of production (size and number of
fields) can vary greatly and there are examples of subsistence
arable farmers and commercial arable farmers.

Pastoral farming is the production of animals or animal-
related products. This may also be known as livestock
farming or grazing. Plants such as grass or grain may

be grown on the farm but they will be used to feed the
animals. Pastoral farms can produce meat or other animal
byproducts, such as milk, wool or eggs.

A third type of farming exists: farms that grow crops for
food and rear animals. This is commonly referred to as
mixed farming.

Extensive versus intensive
Farm production can also be described by evaluating the
relative yield compared with the size of space used.

Extensive production occurs when thereis a relatively
<mall amount of praduction (either crops or animals) from

a large area of land.

n accurs where large amg Ints a4,

Intensive productio
e 1o 2
produced from small areas of land. Thisstyle of proy
i : - it nf i

tends to have high ‘inputs, suc hasaloto labour.

fertilisers or machinery

Intensive praduction is often considered to be very
efficient, so why do we not see it used mare widely? Tp.
answer to this question is quite complex. While yields ir.a
high, so are the costs involved, which can be 3 ba'l'l-f_-rf.ﬂ-
many farmers. Similarly, some people choose tg iEnore
intensive production on ethical or environmenta| Bt
it can have an increased impact on the local r_‘.;,-,..,_f,)l,_elr““‘-
and, in the case of livestock, there are welfare isg 0.

associated with keeping animals in small confineqd Spaces

These descriptions can be combined, for example you
can have an intensive, commercial, arable farm, or an
extensive, subsistence, pastoral farm.

o T — ———
| X KEYTERM! - -
il u

4

Arable farming: the production of crops from land

Pastoral farming: farming that focuses on breeding and
rearing livestock

Mixed farming: farming that practises both rearing livestock
and growing crops

Extensive production: farming that is spread over 3 wide ares
and uses less resources per metre of land

Intensive preduction: farming that aimsto maximise the yield
from an area using a large amount of resources

ST SIRETCER
3.4 Place the letter for each of the following farms/
production types into a copy of Table 3.4:
a Anintensive banana plantation in the Caribbean
b Battery (caged) hens used to produce eggs

¢ Rice production by a farmer on a small scale
in Asia using hillside terraces

d Tree plantations grown for the timber industry
e Nomadic farmers keeping sheep or goats
f Asmall family farm in North America growing
arange of vegetables and keeping chickens,
trying to be self-sufficient
Arable
Pastoral
Mixed

Table 3.4 Examples of different types of farming:

—
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3.4 Increasing agricultural yields

The demands for food keep onincreasing as the global
population increases. The world population is predicted

to increase to 9 billion people by 2050, an increase in 20%
from 2015.

Increasing populations also increase pressures in
other ways: the demand for places to live has seen the
expansion of cities and towns, and the deforestation
of large areas for building materials and fuel. Often the
expansion of built-up areas has been at the expense
of local farmland. Therefore, there is pressure on food
production in a number of ways, including:

anincreasing world population needing more resources

climate change affecting the availability of fertile land

increasing settlement sizes reducing available farmland

+ increases in the standard of living creating 2 demand for
more food variety

» larger populations impacting on the availability of water
for irrigation.

Solutions to world hunger

The problems the world is encountering now is not a
surprise to some: scientists, economists and politicians

have been debating this issue for years. Here are some
SUggestions to solve the problem.

* Reducing the population increase, as this will decrease
the predicted demand for food. Initiatives such as
China’s one child policy are an attempt to reduce
population numbers in a managed way (Figure 3.7).

r

Figure 3.7 1n 1979 China introduced a one child policy to
feduce the rate of population growth.

h——_._
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Growing more staple crops that are high yileidur'!p,, and
fewer luxury items that are not so productive. Current
resources could be used to grow a greater mass of food
if humans ate more staple foods (such as rice, wheat,
maize and soy) and fewer luxury items. However, as
countries become more developed, their populations
want to try a wider range of items.

Ensuring greater food equality, While some people do
not have enough to eat, others have mare than they
need. Should there be laws [rationing) to ensure that
everyone has similar access to foods?

Eating less meat. Eating meat wastes a lot of resources.
The study of food webs and pyramids of energy (see
Section 9.1) shows us that a lot of energy is wasted
when an animal converts plant material into meat for us

to eat. If we ate the plant material (became vegetarians),
we need less land to produce the food.

These are all interesting ideas, but in most countries they
would be very unpopular because they require legislation
restricting what people can eat or do, It is very unlikely

that there would be international agreements to promote
these ideas.

Scientists have therefore been working hard to develop
techniques that will increase production from the land that
is currently available and still allow the world's population
the freedom of choice. There are already some successful

techniques that help farmers meet the need forincreased
food production to feed a growing population,

Often referred to as the Green Revolution, since the
mid-20th century a number of tec hniques and improved
varieties have been developed to increa se, for example,
the production of wheat in Mexico, and the production
of rice in Asia, most notably with the introduction of a
high-yielding rice called IR8. This has seen a lar ge increase
in yield from these staple crops, preventing significant
food shortages in rapidly increasing populations. The
Green Revolution is not one activity but a range of
improvements to many aspects of agricultural production
that, combined, means there is an increase in crop yield.

Techniques for improving crop yield
Crop rotation

Crop rotation is the principle of growing different types of
plants in different plots each year. Related groups of plants
are grown together during a season, then at the start of the
next season moved to a different plot of land that has just
been used for a different plant group. There is a planned
sequence to the rotation. Research over many years has
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Shown that many plants grow using this system than if
continually prown on 1the same plol

rowing the same type of plantin
the same plot year after yvear l'-:“.r".”. resulted in a decrease
N yield over time. Further investigation has shown that
continually growing the same plants in the same place

Causes

* A build-up of diseases in the soil that affect plant growth
* anincrease in the pests that attack the plants

* adepletion in soil nutrients, because the same crop
uses the same ratio of nutrients each year.

Moving a crop to a different piece of land each year
means that

* diseases in the soil affecting that plant are left behind

and have nothing to infect

pests need to find the new site and so their numbers

are reduced

* the soilin the new plot is more likely to have the
nutrients the crop needs,

't has also been known for a long time that certain plants
are able to produce their own fertiliser (nitrates). These
plants, known as legumes, have nitrogen-fixing bacteria
in their root nodules, which take nitrogen from the air and
convert itinto a form that the plant can use. At the end of
@ growing season, when the crop is removed, any nitrogen
not used by the legumesiis left in the ground and can be
accessed by the next plants in the rotation.

Legumes: plants that contain nitrogen-fixing bacteria in their
roots to produce a source of nitrates

Figure 3.8 shows an example of a simple crop rotation and
how each crop benefits another. In this example, a large
plot of land has been divided into four smaller areas, each
to contain a particular type of plant.

Legumes: plants in the pea and bean family, which are
able to fix nitrogen from the air using bacteria in nodules
on their roots,

Leafy crops: a range of vegetables grown for their leaves,
which require a lot of nitrogen fertiliser (left in the soil by
the legume roots). These plants are grown in a plot the
season after legumes.

Root crops: plants that have deep root systems,

which help to break up the soil. A lot of soil cultivation

pded to harvest the roots, Legumes, ike we||

is ne :
50 benefit from being oy,

cultivated snils and
plot the season after root crops.

w: the land is left to rest, 50 10 Crops are gy,

Wn in a

. FHHD
fallow loaty
crops
h I root
year 2 ::g W crops N
1"5" iy
roat
crops

Figure 3.8 An example of a four-part crop rotation.

While the original planned rotation consisted of four plats,
depending on the amount of land available to a farmerit
is quite common to see a three-part rotation, without the
fallow plot (when the ground is given a chance to replenish
its resources naturally).

In different climates, this process will look slightly different
depending on the types of crops grown and the local
seasons. Nevertheless, some form of rotation is usually
very beneficial to plant yield and has been adapted toa
number of situations, Some mixed farms, for example, will
include grazing in their rotation rather than the fallow plot,
and the animals naturally fertilise the plot as they feed.

The use of crop rotation helps reduce the numbers of
pests and diseases and needs less fertiliser (if legumes
are included), but it s less useful if one of the crops to

be grown has little commercial value (in the case of
commercial production) or little nutritional value (in the
case of subsistence farming), as this would have a serious
impact on the effectiveness of the land under cultivation

Another less obvious advantage to this system is the fact
that crops can be ready to harvest at different times, Whic
means overall that the farmer needs less labour and 155
machinery and has less potential waste at harvest timé
because there is more time for the process.

el
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cartilisors contain mines als sueh as nitropen, potassium
aniid |\"‘|;‘1Rf‘l!h"'1lk. wiuch are eesential for |1'.".'11'H‘1'\,' 1'!|.‘r1‘1!
end )
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. When used correctly, fertilisers increase o rop
vield because they add 1o the amount of mineral mutrients
slready present in the soil. When used incorrectly, they can

cause environmental damage because they are washed
imo rivers and lakes by rainfall.

Not 2ll plants use the same ratio of mineral nutnents, which is
one of the reasons why the Crop rotation technique is popular:
the next crop can use some of the excess mineral nutrients

left behind by the previous crop, The fact that different plants
require different mineral nutrients means that manulacturers
use different mixes (formulations! of ingredients to make the
fertilisers better suited for particular crops, and so prevent
mineral nutrients being wasted.

Organic versus inorganic

The wide range of fertilisers available is often classified into
two groups: organic and inorganic fertilisers.

Organic fertilisers are substances that have been derived

from natural spurces {typically living sources). Most

commonly this includes animal manures, but also includes
composted plant materials. Other examples of organic
fertilisers are bone meal (ground-up animal bones), hoof and
hom {these parts of the animal ground up) or dried blood.
Manure and compost are quite bulky because they contain

@ large amount of organic matter, which means they are also
£00d soil improvers, increasing water-holding capacity of
sandy soils and increasing air spaces in compacted, clay soils.

Inorganic fertilisers are manufactured within a factory.
They are typically more uniform from batch to batch, and
can be formulated to provide a precise amount of each
Autrient. They are often cleaner and less unpleasant to

handle than composts and manures, and are less bulky so
can be stored and transported more easily.

If a farmer has a mixed farm then he or she may have a
plentiful supply of organic fertiliser (in the form of manure).
Many intensive commercial farms use inorganic fertilisers
because they are more cost effective, being easier to

obtain and easier to apply to the crops using machinery.

Plant roots absorb the ions of the chemicals in the fertiliser

and are unable to distinguish which source they have
come from.

The effect of fertilisers

Plants need a ran

ge of essential nutrients to grow
effe

Ctively. The three major nutrients (nitrogen, phosphorus

Chapter 3: Agriculture and the environment

sunly Laron antitine
and potassium) are needed in relatively large quantities,
A rAREO r,f minnr nutrients (ine '! La1 ngrr agnesiuem, -r_.llﬂ If
i T ; H 1 Lk 9 Y
and calem

arenendpd in srmaller gquantities, and a

|.'!ff'.er snlartion of nutrients (inclurding 2ine, iran anrl
boron), calied trac e element s, are needed in relatively tiny
amounts. Shortage of any ane of these nutrients will mean
the plant does not grow at its aptimum rate; a '\rp:_mi:r ant
shortage in any one can result in a deficiency disease,

impacting on the yield and appearance of the crap
Fertilisers provide an additional supply of essential
nutrients that help the plants build pratein (in the case of

nitrogen) and help the effective development of cells (in
the case of the trace elements).

Applying fertilisers safely

Fertilisers should be used to boost the natural availability
of essential mineral nutrients in the soil. If they are applied
at atime or a quantity not suitable for the plants, they

will be wasted and washed away in rainwater, patentially
causing environmental damage.

Best practice for a farmer is to identify the crop that neads
additional fertiliser, either through visual inspection of
plants and looking for signs of deficiency, or by testing

the soil to find out the naturally occurring nutrient levels.
Fertilisers will be wasted unless the plantis able to absorb
the nutrients through their roots, which requires moisture,
If there is a drought, adding fertilisers will have little effect
unless the farmer can also supply water for irrigation.

Fertilisers will also be wasted if there is too much rain: if a
fertiliser can dissolve easily it should not be applied until
heavy rains have ceased, otherwise the mineral nutrients
will be leached (washed) away. If fertiliser has to be added
during a rainy season, the farmer should choose a slow-
release fertiliser (one that dissolves slowly over time) so that
the roots are able to absorb small amounts over a longer
period. However, this approach means there is little instant
impact. Table 3.5 compares the different types of fertiliser,

Irrigation

In many locations the availability of water within the soil is
amajor limitation to the growth of a crop. Wateris also in
demand for human consumption, industry and livestock,
and the use of water for crops may fall below these priorities.
In such situations it is important to ensure that water is used
efficiently. It has been calculated that farming accounts for
almost 70% of the water used in the world today.

Why is irrigation important? |
Alarge percentage of a plant is made up of water. Water is

essential for cell activity and used in photosynthesis. Mineral
nutrient uptake by the roots requires water in the soil.
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i - ot
rtiliser type antages .
'Mﬁ.e\; Advaniages L

Organic Uses natural resources
Bulky types also supply organic matter to improve
the soil

Inorganic Can be manufactured to meet a particular need

Can be easier to store
Quick acting

Slow acting Leng lasting: no need ta reapply

Bulky types are harder to transpgyy

May be variable in composition
' Cost of manufacture

Transportation costs

. - = H i H p "
Fast acting: deficiency problems are dealt with swiftly | Can easily leach out in heavy rain

Little immediate impact if plants m;

Y alregq,
have a deficiency problem oy

Table 3.5 Advantages and disadvantages of different types of fertiliser.

Symptoms of a plant lacking water include wilting of leaves.
Vhen this occurs, photosynthesis ceases, so plant growth
Processes slow down. If the lack of available water continues,
this could ultimately lead to the death of the plant.

Using water wisely

In many locations water is in short supply. While it might

be possible to use water that is not suitable for drinking
purposes, the water must still be free from pollution and
sufficiently low in salt that it does not damage the crop
plants. Many farmers look for opportunities to extract or
store water when it is abundant for use later when it isin
short supply. Rainwater can be collected from field run-off
or from the roofs of buildings.

Reservoirs do not need to be sophisticated, but in hot
climates large expanses of water provide a large surface
area for evaporation. Underground or covered sources are
mare expensive to develop but suffer from less water loss,

Some farmers may have access to underground supplies
such as bore holes, or have the facilities to extract water
from rivers or lakes. However, use of these sources of water
Is coming under increasing pressure as drinkable sources
of water for human use become more scarce.

The process of supplying water to plants can be divided
into three stages: storage of the water, transportation to the
required site and application to the plants. Strategjes for
water conservation can be applied to each of these stages.

Q"iﬂﬂf iR 5 AR N A |

Run-off: the process by which water runs over the ground into
rivers

While the cheapest option, transportation of water to the
crop though channels in the soil (rills) is extremely wasteful
because the dry soil will absorb much of the water before

it reaches the plants. However, this method i easyty
construct and new channels can be cut very flexib|

‘ YiS0itis
attractive to many farmers.

Solid pipes are far more expensive, harder tg Constryct
but less prone to water loss. This distribution system als,
requires additional skills and construction knowledgﬁ..

Once the water has reached the crop field, there c3n bea
significant difference in the efficiency of using the water
depending on how it is applied.

Common water application methods

Overhead sprinkler systems use a special sprinkler nozzle
with a small aperture that forces the water out under
pressure. This pressure causes the jet of water to turn
into droplets, which will fall on top of the crop rather like
rainfall. The average size of the droplets can be adjusted;
large droplets will cover a larger area, small droplets are
finer on plant leaves and cause less damage (Table 36)

Advaniages | Disodvantages
Relatively easyto | Large droplets may ‘cap’ the sl
Setup (damages the structure to form 3
hard crust), reducing the ability of
rain to enter

Can cover a large
area from one
sprinkler Small droplets easily blown by wind

No need to 50 not all plants may be irrigated

attach pipes or
equipment to
each individual
plant

Water lands on leaves and surfacé
of sil, which may evaporate befor®
| roots can use the water

| Not very precise

Table 3.6 Advantages and disadvanta ges of overhead
irrigation,

pdm
Clay pot systems use porous clay pots that are bur-i‘j
the soil next 1o the roots of the plants. Each pot ™"
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wit! watel,wniin gracu 3]y s psainto the &0

= T il around the E,,'J'ulj'_; es | Disadvantages 3 I
roots [(FIEuT® 250 1able 3.0 compares the advantapes and simple technolopy: little Only sintahle far larger
gieadh antages ol this system CAN §0 WIong (maore permanenti plants

Easy to check the amount Large labour cost (burying
of water provided to the pots, checking an

S0l water levels, topping up

manually)
Little surface evaporation 4

because the water released
into the soil

Table 3.7 Advantages and disadvantages of clay
potirrigation.

Trickle drip systems, sometimes referred to as 'leaky pipes’,
use a series of flat polythene hoses laid on the sirface

of the soil between the rows of crops. When additional
irrigation is needed, water is transported to these hoses
through pipes and released slowly at the soil surface via
tiny holes in the hoses. Some systems have microtubes
(emitters) allowing water to drip directly onto the plant
concerned. An example layout is shown in Figure 3.10.
Figure 3.9 Example of a clay pot irrigation system. As water ‘[F;;t:l;?;,?e::mpares e
seeps out the pot, it can be taken up by the plant’s roots, -

sadvantages of

waler tank

strainer / filter

lateral polythena pipes
emimers/micro-tubes
Figure 3.10 An example of trickle drip irrigation system. Plants are watered directly through either microtubes (emitters)
Ora porous hose,
h—__ J
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L-‘.L-.. THAEes  Disadvantiages

water placed o rectlv at the Fypencive to insta | and

i i L 7
vase of thy plan complex toma ntain
mies _ . _

e SVvsiem can be Small particles such as grit
dutomated and controlled  can block tubes
vig computer

Inflexible: cannot easily be

WEBTiE L a s

\ > Usad very moved

efficiently

Table 3.6 Advantages and disadvantages of drip
irrigation systems.

8 ably the most ancient method
E Crops. Water is delivered to the field by a

annel or pipe and allowed to flow freely over the
hroughout the crop. To be effective, the fields

Olv level and barriers need to be in
ater simply running away at the edges
3.2 compares the advantages and

h

b

Very inefficient use of water (run-
off, evaporation, etc.)

Inexpensive

Can cover large
areas guickly Damages soil structure
Non-targeted plants (such as

weeds) also benefit

Table 3.8 Advantages and disadvantages of flood irrigation.

Newer technigues in water conservation use data such as
the current water content of the soil and weather forecasts
to identify when best to apply irrigation and the quantities
needed. Research is being carried out to determine at
what stages in the growth of crops it is most impartant

to ensure there is sufficient water (such as the point of
flowering or when fruit are swelling). Farmers can then
decide when is most appropriate to use their limited
waler resources.

Farmers can reduce the rate of water loss from their crops
by providing them with shelter, either shading them from
the intense heat of the Sun or using a windbreak to reduce
wind speed across the crop, and therefore reducing

the rate of transpiration from the leaves. Additional
measures, such as covering the ground with a polythene
sheet or natural compost layer, will mulch the base of the
plant, reducing water loss by evaporation from the soil and
cooling down the root zone.

ent

the movement of water up plants and ji,

nspiration: :
b as walter vapour from their leaves

subsequent loss
Mulch: anatural or artificial layer on the soil surface yseq 4,

reduce water evaporation and weetd growth
Weed: aplant growingin an inapprop riate place

Control of competing organisms

while it is possible to provide a crop with adequate
irrigation and nutrients to grow atan optimum rate, na 4
of the nutrients and water may be taken up by the crops.
The growth of a crop plant can also be reduced by attacys
from other organisms that can feed on it, weaken it and ;..
extreme cases kil it.

For centuries farmers have lost a large proportion of their
potential crops because of weeds, pests and diseases,
Prior to the introduction of chemical contrals, it is
estimated that the level of loss may have been as high

as 70%.

Aweed is a plant that is growing in an inappropriate
place. Examples include ‘jungle rice’ (Echinchloa colong),

a plant that competes with rice crops. This grassy plantis
commeon throughout Asia and likes similar conditions to
cultivated rice. As a result, it uses space and nutrients that
could be used by the food crop.

A previous food crop growing among the next cropina
crop rotation is also a weed. If some were missed during
harvesting, potato tubers can survive in the soil and grow
and shade the next crop (such as peas or beans), reducing
that crop's yield.

Weeds need to be controlled because they:
* Compete with crops for water, light and nutrients

» reduce the quality of a seed or grain crop (the weed
seeds affect the purity of the crop for sale)

* might be poisonous, either to livestock or to humans
(and so might result in a tainted crop)

[}

+ make cultivation difficult, tangling up tools and clogging
up machines

* can block drainage systems with excessive growth

» canbeasource of pests and diseases that also attack
the crop

+ can look untidy, which might have an impactin
tourism areas,

el
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narmical control of weeds is probably the most efficient

U " s tor a large arca, Weed: killing chemicals are known
“‘:‘:prhiﬂﬂﬂ They can be used to completely clear

:--1. aitvated areas ol all previous vepetation betare sowing

e planting a crop. of to selectively kill weeds growing
o Pt o
rang 3 Crop

The definition of aweed is a plant ErOwing in an

inappropriate place, so the success of a herbicide is linked to
e accuracy of the farmer in applying it. Applving herbicide
carelessly can damage the crop or other mportam
vigetation in an area, impacting on the local ecosystem,

Most herbicides are applied in a liquid format via a sprayer
that splits the liquid into very fine droplets. These form a
fine covering on the weeds, allowing the chemical to act.

Inwindy conditions fine droplets are likely to spread over a
wide distance,

An alternative method is to use herbicide granules, which
are heavy enough 1o fall to the ground when applied and do
not stick to the leaves of most plants. The herbicide starts
to act as the granules dissolve in the water within the soil.

The impact of weather

Before using herbicides, a farmer needs to be aware of

the current weather conditions and the forecast. Wind
affects the spray pattern from the sprayer, which can

mean other plants can be affected. Heav

Y rain soon after
application will

wash the herbicide off the leaves of the
WEEds or cause the chemicals within granules to leach

"Miethe surrounding area. Extreme sy nlight can scorch
foliage through herbicide droplets acting as lenses. Some

herbicides work more eff iciently on plants that are actively
ETOWINg, 50 in temperate climates these can only be
applied during the Erowing season.

Controlling pests ang diseases

Weeds, pests and diseasescanb
of chemicals. A Pestis an anima
the crop plant. A chemical

2 pesticide, The mogt o
Athemical

€ controlled with the use
| that attacks or feeds upon
used to control 3 pestis known as

Mmon pests of plants are insects,
used to control insects is called an insecticide.

A_crop disease is caused by fungj,

Nese are collectively known as pathogens. Of these
three groups fungal diseases of Crops are most common.
Fungal diseases are controlled by chemicals known as
fungicides,

bacteria ar viruses,

UnTOrtunalelf,-'. there is no
pest and disease cantrol
5 sometimes used tode

t a collective term to describe
chemicals so the term pesticide
scribe all control chemicals. Make

h___
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sute you know which meaning is heing used when e are
reading about pesticides

As with herhicides, insecticides and fungicides can be
applied in a number of ways, the choice will often depend
on which part of the plant is affected. Again, there is an
envitonmental risk if they are applied incarrectly hecause
they will affect other organisms in the area, potentially
affecting lood webs. The chemicals can also be poisonaus
to humans: farmers may need to wear persanal pratective
equipment (PPE) while using them. If chemical residues

remain in the crops they can pose safety concerns if the
cancentrations get too high,

@iﬂﬁuﬂﬁ SRS i |

Herbicide: a chemical used to control weeds

Pest: an animal that attacks or feeds an a plant
Pesticide: achemical used to control pests, but also, less
accurately, used as a collective term to describa pest- and
disease-killing chemicals

Insecticide: achemical that kills insects

Disease:

a pathogen (fungus, bacterium or virus) that attacks
a plant

Pathogen: acollective name 1o describ

€ disease-causing
organisms (bacteria, fungi and viruses)

Fungicide: a chemical used to control fungal diseases

Alternatives to chemical control

There is no doubt that the use of synthetic chemicals to
control pests, diseases and weeds has resulted in huge
increases in yield for farmers, which means the use of
chemicalsis vVery popular. However, some people, including
Some scientists, are concerned about their widespread
use. As early as the 1960s, biologists highlighted the impact
that pesticides were having on food webs. A reduction
ininsects, for example, means there is less food for their
predators (small birds and reptiles). This is turn means there
is less food for the top consumers such as birds of prey.

It was also discovered that while the pesticides may

not directly kill predators feeding on treated insects,

the chemicals do not break down in their bodies. When
Organisms are eaten by top predators, the amount of toxic
chemical builds up in larger quantities {biomagnification),
For the top predators the higher concentrations can be
toxic. In many areas this has been seen most clearly by a
large reduction in numbers of birds of prey after pesticides
were introduced. As a result of these observations, many
people would like to see the use of chemical controls
reduced and alternative methods used instead to solve
pest, disease and weed problems.
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Biological control
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L .

= il
Py torscan be brod in lares enough qu
lale B e TN

3 Crop, thew |
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theralfnrs -
“erefore control the infestation
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vantapes of biological control methods are:
= Nnochs =] AT |
'O Chemical residues are leftin the crop

there ~ 1y ~i

© 15 N0 1Mpact of spravs On the surrounding ecosystem
* Onceintroduced, the Population of the control agent
Shouls imer o amA e :
o Uia 1ng ease 3 g le t'! eed. =0 'IH-D_'P‘.S. no nt'\pd for
reapplication

" when the pest has been controlled, the lack of food will
mean the predator will naturally reduce in numbers

13 N0 neegd
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—

e =T = A r - ]
nere ‘O wear protective clothing when
Pplying the predator.

1]

Disacvantages of using biological control are:

* thecontrol is not as instant as chemical control

climatic conditions Might mean the pest breeds faster
than the predator

» S0 the problem is not controlled

* the predator might not stay on the crop and move
elsewher

€ instead of feeding on the intended pest
* 1Ne predator might es,

cape into the local countryside
and impact the naty

ral ecosystem and food web.

Why not leave it all to nature?

While an ecological balance is achieved naturallyin a
natural environment, growing Crops creates an unnatural
environment: it is rare 1o find large numbers of the same
plant naturally growing together in one place with few
other species present, Crop plants are alsg Erown in areas
where they do not grow natureally in the wild, away from
their natural predators. In 2 natural environment, crop
plants may yield less or suffer high levels of damage, which
farmers do not want.

Alternatives to herbicides

As with pesticides, some people, including some scientists,
have issues with the use of herbicides and are concerned
about the impact they may have on the soil ecosystem.
There are alternative methods for controlling weeds.

+ Cultural controls: hand weeding and hoeing are useful
methods for removing individual weeds but require a lot
of labour.

« Flame guns: paraffin (kerosene) is a highly fl

s hlack plastic sheeting o
Weed barriers: using black plastic sheeting eye, the
{ ar a deep layer of composted Ofganic r

ground Natta,

mulehes) helps smother weeds, Mulches help te et

(muicnes 1 - 3t o
growth of weeds by stopping light reac hing ger
weed seeds, aswell as preventing evaporat

from soils, which leads to waterlopged sails

m'-h'!".-
iord
10N of Wata,

dMmabiq
liquid that can be used in a flame gun to scorch, 0ff the

tops of weeds and kill weed seeds at the g Surface
This process has risks and is only really syit able
in areas before crops are planted.

foruse
Farmers may prefer to use herbicides rather than 3 non.
chemical control because;

» herbicides are easier to manage and the weed Contre|
can be applied over a longer season

» alternatives may be less effective and more variable
+ theuse of herbicides can be cheaper
* theresults are more predictable, with less risk of faily

ire
+ lesslabour is needed compared with cultyral Controlg

» the effect of herbicides can be more rapid.

Efficiency gains through mechanisation

There is no doubt that across much of the world there have
been major changes in farming techniques, Many crops
were traditionally labour intensive to produce, and the
availability of the workforce limited the amount of land
that could be cultivated. Using machines such as tractors
means that larger areas can be cultivated ea sily by one
person. This reduces the labour costs for the farmer and
also means they are cropping from a larger area. The power
of the machine’s engine means work like ploughing can
take place when there is more water in the soil (wheniitis
heavier), extending the season when soils can be cultivated.

As well as basic cultivation tasks, additional attachments
can be added to a tractor to allow efficient application of
fertilisers or pesticides. Tractors also have the capacity to
transport large loads, which is useful at harvest time.

With some crops moadern farming techniques have changed
the landscape: lar B2 machines work best in large fields
because time is lost when they need to change direction.
This has led to the removal of natural vegetation to remove
obstructions to the smooth operation of the machines.

Selective breeding

Selective breeding is the traditional method used for .
improving the performance of crops and livestock, and Tiﬂﬂ .
been carried out across the world by farmers for gener?

il
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The process of selective breeding is as follows:

. identify which characteristics of the species are important
. choose parents that exhibit these characteristics
. raise the offspring from these parents

. select the best offspring that show the desired
characteristics

. repeat the process.

This can be applied to both plants and animals. Examples
of desirable characteristics in certain organisms include:

. dairy cattle, an increase in milk yield

. beef cattle, an increase in muscle size

- wheat, increased disease-resistance and higher yields
« rice, an increase in yield, for example IR8.

How big an impact has selective breeding had?

Selective breeding of dairy cattle in the USA has led to
double the milk yield per cow compared with 40 years
ago. Selective breeding of beef cattle has developed a
breed called the Belgian Blue that has exceptional muscle
growth, resulting in a greater amount of meat from an
animal. Improvements to wheat varieties have helped
double the production of wheat in India since it was
introduced in the mid-1960s; similar results have been

seen in Pakistan, where production has doubled in 5 years.

Selective breeding of rice has resulted in the production
of astrain called IR8, which has had a huge impact on
rice production in many areas of the world. For example,
the use of IR8 (and other new cultural techniques) has

increased annual rice production in the Philippines from
3.7tonnes to 7.7 tonnes in 20 years,

Itshould be remembered that selective breeding is
continuous: combining the existing characteristics of

parents and selecting the best offspring for future crosses.

Itis a relatively slow process and has a low success rate.
Itis estimated that only 1 in 20 000 new plant seedlings
will become a successful commercial variety. Testing and
evaluation can take 20 years, and the timescale is likely
to be longer for many animals than selective breeding

because it will be a few years before the offspring are
Mature enough to breed,

Genetic modification

Genetic modification can produce faster results.
Technology has enabled scientists to map the genetic
Material (DNA) of different plant and animal species to
understand their genetic code. This genetic mapping has

Chapter 3: Agriculture and the environment

brought about a greater knowledge of how short sections
of DNA called genes relate to the characteristics of a living
OrgAanism.

Understanding this code has enabled scientists to insert
a piece of DNA from one organism into the genetic code
of another. The tesult is called a genetically modified
organism (GMO). The pracess is controversial, with
supporters both for and apainst the technology.

% A — T i
® KEYTERMS

Gene: asequence of DNA that is responsible for a
characteristic of a living organism

Genetically modified organism (GMO): an organism whose
genetic material has been altered by genetic engineering

There are many different reasons for genetically modifying
plant species,

- Disease and pest resistance: genes can be cut from a
resistant plant and added to a crop plant,

+ Nutritional value: plants can be developed that are
more nourishing,

» Growth of plants in inhospitable areas.
+ Higher yields.

« Herbicide resistance, which would allow farmers to spray
the whole crop and its weeds and only affect the weeds.

+ Less use of pesticides, if the GMO plant is
pest resistant.

» Crops with longer storage lives, leading to less
food wastage.

Concerns about the development of GMOs include:

+ the unknown impact of the new characteristics on
human health

- the products are not natural

+ the genes might get into wild plants if they interbreed
with GMOs

= issues for other insects caused by insect-resistant
varieties.

Itis possible to transfer genetic material between species
of plant or even between animals, not just between
breeds of the same species. The resulting organisms

are called transgenic. This process provides even more
possibilities for scientists to manipulate the way in _
which a plant or animal grows. Scientists are using this

eeed
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1 he lerm green

house also includes structures syep 1,

technnl WV 1IN Some unespec lod w W, such as using

Renetically moditied carrol< 1o make 3 droupwithin nolythene tunnels (ar polytunnels), where plastie 1 Im i
the carrot cells that can e vsed 1o treat "I."l]l.l'1'\ If stretehed over large metal hoops (Figure 3.12). Th 515 far
successiul, the prowth of thes GMO carrols could provide cheapor to install than a more robust greenhouse by it
another ummercial crop lor larmer: not as effective in f“”“““'”” rhp"”‘”””"”Flnl ']fltl”\'}PS

not last as long,

Contr olling the o op environment

One of the argest variable factors that has an impacl
on the viold of ACTronis the Erowing environment, for
reanng livestock as woll as RrOwWing crops. Over very large
areas it can be difficull or expensive ta try and control
the emvironment, .'|.‘,:.*.~;~:;F:h there are some impaortant

techniques such as
* providing shade for cattle so that they do not get too hot

* Using windbreaks at the edges of crops to reduce wind
speed and prevent damage to the crops

* reémoving trees that shade a crop in order to maximise
the light the plants receive

While these technigues can change the environment and
prevent extreme conditions, they are not easily reversible
or agaptable if the local weather conditions change.

Over smaller areas, it is possible to invest more money in
controlling the environment, resulting in an end product
that can be sold for a high price and so make a profit. One
example of this is the use of greenhouses.

The term greenhouse is a collective term for structures
that support the controlled growth of plants. It is a mare
accurate term than glasshouse because not all structures
are made of glass. Many greenhouses use transparent
plastic sheets made from, for example, a polycarbonate,
which is far stronger than glass and often sold as a double-
walled material, providing good insulation apainst colder
external air temperatures and so reducing the cost of the
internal heating (Figure 3.11).

Figure 3.11 Amodern greenhouse. Built on an aluminium
frame, the sides are constructed of glass and the roof of
double-walled polycarbonate (which is stronger and a better
insulator than glass). The mixture of glass and polycarbonate
mean this cannot be described as a ‘glasshouse’.

Figure 3.12 A polythene tunnel (polytunnel) is a relatively
cheap structure that is commonly used for growing
food crops.

Growing plants within an enclosed space means that the
grower has a better opportunity to manage the space. A
greenhouse allows many different environmental factors
to be managed (Table 3.10).

Investment in additional equipment for a greenhouse
system is expensive and only cost effective for an
expensive crop. Operating all the additional systems
can require a lot of labour. However, most modern
greenhouses use a range of sensors to monitor the
environmental conditions. These sensors, linked toa
computer, can operate the equipment automatically $02
worker does not need to be present all the time.

i rent
Greenhouse: a building made of glass or similar transp?
material that is used manage the environment for plant
growth

el
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i i

Temper ature

Operate greenhouse heating system

Light level , Use supplementary lighting

Humidity | Use misting units to add moisture to the air |
Day length Use supplementary lighting at the end of the day
Water

Use a sprinkler or irrigation system

Table 3.10 Managing factors that affect plant growth,

Research inta many greenhouse crops has identified a
growing blueprint: the ideal environmental conditions
needed by 2 plant for maximum growth. If this is
programmed into a computer, the greenhouse can be
managed remately. The computer system is also linked to
sensors outside the greenhouse and to accurate weather
forecasts, so that it can predict future environmental
conditions and adjust the greenhouse’s environment
accordingly. For example, approac hing clouds will mean
there will be less sunlight, so more heatin g will be needed.
The computer will predict this and turn up the greenhouse

heating system so that it can com pensate when the
temperature starts to drop.

The greenhouse effect

Greenhouses heat up using the Sun's rays. This effect
been noticed for centuries and gives the name to the
global warming effect we see happening to the Earth (see

Section 7.1). In the case of a greenhouse, sunlight passes
through the glass (or other trans

through the glass causes the wa
change, conve rting a
Once inside the gree

parent material). Moving
velength of the energy to
proportion of the energy into heat.
nhouse, the heat istrapped and so
the temperature inside the greenhouse becomes warmer
than outside, Of all the different materials used to glazea

Breenhouse, glass is the most effective in converting the
Sun's light energy into heat.

Controlling the whole environment

The greenhouse enviro nment allows farmers to control
most environmental co
Ad

al

nditions and increase crop yields.
vances in selective breeding or genetic modification can
S0 greatly increase potential cropyields. Another factor

@ Brower can try to optimise is the material the plants are
actually Browing in,

As discussed earlier, soi
that farmers may need
Make it an ideal growin

lis very variable, which means
to make large modifications to
g environment. At a large scale

h-___

Open roof ventilators
Use shading material in the roof
- Open roof ventilators or use extractor fans

Use shading material in the roof and curtains
at the side

Install drainage material underneath the pots
or beds

this is not cost effective, but it can be worthwhile within a
greenhouse. Scientists have developed a range of different
composts and growing media that can remove the need
for soil. The plants are grown in a material that is uniform
for each crop and provides the ideal structure. This is a
very successful technique, but the concept has been taken

even further: growing plants using just water and dissolved
nutrients. This s called hydroponics.

Growing blueprint: the
throughout its life, which a
the yield

growing requirements of a crop
Brower can use to maximise

Hydroponics: growing plants without soil, with the nutrients

the plant needs dissolved in water; this technique is often used
in conjunction with a Browing blueprint

There is a number of hydroponic techniques, but a
common method is to float plants on polystyrene rafts
On a reservoir of moving water (Figure 3.13). Water flows
through the roots of the plants and is recycled. Sensors
measure the amount of key mineral nutrients in the water
and add more as they are needed. Air is bubbled into the

mineral nutrient solution to ensure the plant roots have
enough oxygen to respire.

Advantages of hydroponics include:
+ no need for soil

can be used anywhere (there are experiments being
carried out in space)

+ anintensive system that can provide high yields
easy to harvest

- plants are given exactly the nutrients they need in the
irrigation water

- water is recycled, so used efficiently
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Agua plass
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Figure 3.13 An exa mple of a hydroponic Browing system. Sensors within the system allow the process to be automated

once it is set up,

n * Noweeds or pests and diseases in the ‘soil'

* pollutants are not released into the environment.
Disadvantages of hydroponics include:

» itis expensive to set up

* only suitable for small production areas

= requires a lot of technical knowledge

+ disease, if present, is rapidly spread through the water
supply to all plants

* plants can die quickly if conditions are not maintained
at optimum levels,

3.5 Usinga growing blueprint requires close control
of the growing environment. This will be an
expensive investment for the grower. Give three
reasons why the grower may still consider the
investment worthwhile.

3.6 Give two advantages the use of genetic
modification has over the use of selective
breeding when developing a new breed or type
of animal or plant.

3.5 The impact of agriculture on
people and the environment

The agriculture industry has a major impact worldwide:
itis the largest user of land, the largest user of water ang
the largest employer. Therefore, the sector has a great
responsibility for the planet as well as the responsibility
of feeding the ever-expanding world population. The
pressures to maximise production efficiency and
resource use can have other consequences. How does
mismanagement of farming systems impact the planet?

Overuse of insecticides and herbicides

The use of chemical sprays to control populations of
insects and weeds has increased yield and also prevented
the loss of food in stora ge. However, overuse can cause
problems that have implications for future production.

IEYTERM " e e M
e i | 2 T Ry

Resistance: the ability of 2 living organism to survive when
€xposed to a toxic chemical (such as a pesticide or herbicidel

Regular use of ane insecticide chemical can cause "
resistance within the pest population, This means that
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toxic chemical ne longer kills all the target pest individuals.
The same principal results in herbicide resistance.

Figure 3.14 shows how resistance develops. It takes
anumber of generations before a pest becomes fully
resistant. However, many pests, such as insects, have very

short life cycles, which means a number of generations can
occurin just a few weeks,

Once an insect is no longer being controlled effectively by
an insecticide, farmers tend to apply an increased dose

to improve the effect. While this may work in the short
term, it can help pesticide resistance build up even more
rapidly. The best practice for farmersisto use a range of
cifferent pesticides so that if resistance starts to build up

to one product another product is still likely be toxic to
the pest.

Insecticides and herbicides can also cause unintended
environmental damage. In the case of insecticides, their
application can kill beneficial insects such as bees, which
will then affect the pollination of plants. A change in the

Chapter 3tAgriculture and the environment

availability of insects can also impact on the wider food
web, because many animals feed on insects,

In the case of both insecticides and herbicides, there

can be issues of spray drift: the chemical may reach an
unintended target and so cause environmental damage.
Herbicides can remain within the sail long enough to
disrupt the growth of other plants. Heavy rainfall can
cause leaching of insecticides and herbicides into rivers
and lakes, causing damage to other organisms. There is
some evidence that herbicides can have an impact on soil

organisms such as microscopic animals and fungi, which
has an effect on the food web.

These problems are not just confined to plants. In many
countries livestock are given routine medication, not
because they are sick but to prevent infection from
occurring, This is good practice if used well, but if overused

problems can occur. Many animals are given antibiotics as
part of their medication. The same or very sim

: ilar products
are given to humans. As with insecticides, there is 3 risk of
no pesticide applied, large i
spras resistance gene remains

=

———T T T

pests sprayed with inseclicide

ata low level in the population
T =
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resistance building
may be

up to these antibiotics, so the products
ineffective in controlling diseases, leaving the

human population, as well as the livestoc k. at greater risk
of illness or death.

R S iy

It has been discovered that an insect pest is no
longer being controlled by an insecticide that
has been used on a farm for years, Suggest

two things the farmer could do to control the
problem,

3.7

3.8  Whatshould be done to prevent a similar

problem happening again?

Misuse of fertilisers

Itis well known that adding fertilisers to soils that are
short of mineral nutrients will increase the growth

of plants. It is therefare €asy to assume that adding
fertilisers to any soil will increase the growth of plants
and therefore increase their yield. However, the addition
of extra mineral nutrients stops having a beneficial
impact once the soil has reached its maximum mineral
nutrient level. After that point, any additional application
is 8 waste of money and resources. There will be negative
impacts on the environment too,

For farmers, it might be most cost effective to apply a lot
of fertiliser all at one time. If the weather or soil conditions
are not right at that time, this can mean that much of the
nutrient content is wasted: heavy rain can dissolve the
mineral nutrients and carrying them away as it runs-off
the land or soaks through the soil (leaching). If the weather
conditions do not support rapid plant growth, the roots
will take up fewer mineral nutrients and again there is a
chance they will be washed away before they are needed.

Excess water containing dissolved fertilisers drains

into rivers and lakes, upsetting the natural balance of
mineral nutrients there, Excess amounts of nitrogen and
phosphorus can cause eutrophication (see Section 4.8).

Excess fertiliser application can also impact the
environment in other ways. Large quantities can alter
the pH of the soil, affecting the organisms that_ Ilive there
and, more importantly, impacton a plant's ability to take
up nutrients. Figure 3.5 shows the way the au.ranlamh.ly of
different mineral nutrients affected by pH. Itis p9§5|ble
for the addition of fertiliser to reduce the availability of
nutrients by changing the pH of the soil.

some mineral nutrients are only needed by plan

5 if'l -’!Tla“
quantities (often referred to as trace elements) T,

i1#] rnl.l{_h
of these within a soil can be toxic to plants, again h"-"'\‘iﬁg

the opposite effect to the one intended,

Overapplication of fertilisers can affect a plant's abi[ityw
take up water, Roots use a process called osmosis (where
minerals flow from an area of lower cancentration tg
area of higher concentration through a membrane) to
up water. Normally the solution inside the plant’s cel|
is more concentrated than the soil solution. Too mych
fertiliser can increase the concentration of solutes in the
soil solution, causing water to flow out of the plant, This
dehydrates the plant (often called scorching). Thisis a risk
when a fertiliser is misapplied over a field, but can be gl5q
seen around manure (dung) heaps, where plants fail to
grow and there is also a greater risk of nutrients leaching
into the surrounding soil.

Excess nutrients can also affect the growth of plants
directly. Too much fertiliser can cause excessively lush
growth: the plant grows too rapidly and is unable to
supportitself. Lush growth is more susceptible to pest and
disease attack. Animbalance of nutrients (such as a high
nitrogen to potassium ratio) can cause a plant to produce
lots of foliage and be less likely to flower, which is not the
desired effect if the crop is the fruit.

Using too much fertiliser can have an impact on humans
too: water quality can be affected by nutrients leaching
into drinking supplies. A high concentration of fertiliser
in the water supply can cause the development of blue
baby syndrome: newborn babies have skin tissues that

are low in oxygen, which gives them a slightly blue or
purplish colour,

iu_,ﬁ RMS 0T i

g
Eutrophication: asequence events starting with enrichment
of water by mineral nutrients or organic matter that leads to

a reduction in oxygen levels in the water and the death of fish
and other animals

I
|
|
Osmosis: the process by which mineral molecules pass 1
through a semi-permeable membrane from a weakefw!um" |
to a more concentrated solution to make the concentration of
the mineral the same on both sides of the membrane

s

Overapplication of fertilisers is a risk for users of both
organic and inorganic fertilisers. Inorganic fertilisers ar
arisk because they tend to be more soluble in watef;
benefit to farmers as they will be quickly available 0 theln
crop, but also more prone to leaching if there is heavy e

—‘
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2 fartilicors ater
yrimgaton. Bullky organic fertilisers release their nutriente The application of too many pesticides, fertilisers or water
" -

over alonger peniod of time, but it is harder 1o deter

over 2 lonp

r

rmine the
apphc alion
some developed countries have lawe in place to reduce

can all cause probiems for people and the environment
recse nutnent content, so there is a risk of over The challenge is that simply using them less alsn causes
problems: reduced yield and even fewer resaurees for
future crops, Itis not a pood decisian to apply nane of
these items Failing to add extra mineral nutrients ta a =il
ate vulnerable opyfF
= slows down plant growth because there are insufficient
rones (NVIs) areas where lovels of nitrogen are already _ f
. X nutrients for the construction of plant proteins. for
high. In these places there are strict limits on when ,
; _ example, or the development of supporting fibres, Plants
fertilisers can be apphed (1o reduce the risk of leac hing), ; . i
. g will grow less quickly, have a smaller yield and perhaps
and detailed records have to be kept by the farmer 1o show : _ :
: e produce a crop of poor quality, either in nutrient content
how much fertiliser has been applied. Failure to keep the its ability to be stored for a long pefiod. A mineral
i [ e store a 10d, inera
recards can result in large fines, orisauliy s neshe ER

nutrient deficiency within a plant can make it lass able tq
withstand a pest or disease attack.

the potential impact of overapplication of fertilicers In
the LUK, the povernment has desipnated nity

Misuse of irrigation

: i _ ils yi reis less grazing available for I

Water is neededq by all living organisms. The demand If 521:5 E“?GOE?;' r:[hfnf B fdgthe’rfg m.? l FE; or livestock,
. y r r I nes,

for water means that many countries are f acing water oo il e ATISES Uiy

shortages. Agriculture is under pressure to use water

need to relocate if the land cannot provide them with
wisely and to recycle wherever possible. Wasting water can sufficient food to survive.

resultin a shortage of water for human or livestock use.

Poor management of the sail can lead to desertification:
Too much irrigation can have various negative effects.

the process of fertile land being transformed into desert.
Damage to the soil structure: when wet, air pockets are D;esef uhcapon At prew.ouslg.r fertle land can bea result
lost and the soil is compacted. 0 soil ercusnon,.a nd agncu_.nitural methods can greatly
influence the risk of erosion. This issue will be di

Death of plant roots: waterlogged soils prevent plant

scussed

_ further later in the chapter.
roots getting sufficient oxygen to respire and cells start

tod. O_
* Lossof nutrients: nutrients dissolve in the water in soil, Desertification: the process by which fertile land becomes

and as water drains away nutrients are taken away with it. desert
+ Soil erosion: large amounts of water run-off will take

some of the soil particles with it.
* Soil capping; the surface of the soil can become hard Choice of crops

and compact, which makes it harder

or plants to grow Most farmers have some level of choice over the types of
through the soil.

Crops they grow. For many subsistence farmers, the choice
1 likely to be the type of plants that will feed their families
most eflectively (either directly from the plant harvest o
P by feeding livestock).

soil but are normally
eeper in the soil, Qver-

ged and therefore the
salts are able to move throughout the soil. When the

Sun causes evaporation of water from the soil, the salts
are left behind. If the salt levels become too high, plants
will have difficulty taking up water (by osmosis) and
water supplies may also become unsuitable for drinking,

trade. Another example is the use of the most fertile land
Preventing soil cultivation: if the water content is too

in countries such as Kenya to praduce cut flowers for rich
high, the soil can be tog heavy to cultivate. Machines

countries such as in Europe or North America.
Can get stuck because the soil st
their weight.

Salinisation: the salt content of the soil can inc rease,

Scientists have estimated that arou nd 20% of irrigated
land has become saline in the last

dissolve into the water within the
&t their highest concentrations d

Farmers who earn a profit by growing crops (commercial
Irrigated soils become waterlog

production) may make different decisions about which
plants to grow. However, the most profitable product to
grow in terms of generating cash may not be the best
choice for the wider community. One example of this
conflict is where the most fertile land, in countries such as
Afghanistan, is used to grow poppies for opium production,
either for the legal production of drugs or the illegal drug

ructure cannot support

h——__
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While it could b

enefit the population as a whole if the
fertile |

and was used to produce food to feed local
People, this does not necessarily provide the local
farmers with 3 large income. There can be benefits
for the country has a whole if it
itcan trade with
allows 3 country
other resources
them internally.

has commercial crops
other countries. International trade
access to (and the cash to purchase)
and technologies not available to

This raises mare ethic
whether Bovernment

Countries’ populatior
EOV

al and moral dilemmas about

s should dictate what their

3 €an and cannot eat. Should a
ernment tell farmers what they can or cannot grow?
Should a ECvernment control the actions of its citizens,
or should the Population be given a free choice? Qver
the centuries different countries (and political parties)
have taken diffe rent views on these questions. Indeed,
thereis probably not a correct answer. However, poor
decisions made by governments can resultin a change

In government at the next election or, in extreme cases,
violent revolution to affect change.

Overproduction and waste

Allowing farmers the Opportunity to choose which crops
Lo grow (to maximise their profits) might also mean that
too much of a particular crop is grown. When there is

a greater demand for a product than there is supply, a
farmer can charge more when selling a crop. The
also happens, when a product
there is more than people wish
less money for their ¢
Crop is wasted.

opposite
is widely available and

to buy, farmers will get
rop and potentially some of the

If a farmer has failed to make a profit

in a particular year he or she may start to grow a crop
that others have made a profit from that year, causing
oversupply and undersupply of different crops the
following year. Thus allowing farmers the freedom to
choose and manage their own land can

lead to a waste of
resources in a number of ways.

+ Waste from over-production: too much of a crop might
mean that some will not be sold.

- Waste of storage space: it may take longer to sell
a crop, so buildings are needed to store the spare

harvest. Some crops need special conditions so they
do not spoil.

+ Waste of transportation: to sell all the crop, a farmer

may need to travel larger distances, using more fuel, etc.

Waste of quality produce: if a crop starts to decrease N
qln-lily because it has not been sold quickly eNdugh ;,
will be worth less money.

. Waste of labour: the farmer may have to staff 1o help
grow and care for the crop, which is not an effician, Us
of time and labour if too much crop is produceq.

Even when a farmer or grower does sell their crop, if th
is overproduction the price will be low. After bil|s have
been paid, does the farmer have enough money to 4
seed to plant a new crop for the next season?

ere

uy

Mechanisation

While the use of machinery has helped the |ar
yields that have been achieved over the last f
it does have a number of impacts on the eny
the local population.

geincrease iy
ew decades,
ironment ang

For machines to work efficiently, fields have been made
larger, removing natural ve getation that may provide
habitats for other organisms. This may also have an impact
directly on the crop by removing natural predators of pests,

Machines such as tractors use fossil fuels, which are 3 non-
renewable resource. Their exhaust gases also contribyte
to air pollution. Large machines (and their fuel) can be

expensive for a farmer. While the use of

mechanisation
can

increase yield, the extra costs can mean the farmer

makes little profit and is unable to pay the

bank loans, for
example,

to cover the cost of a new machine.

SSMERT Ol e n o
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3.9 Ithas been said that too much irrigation might

be as much of 2 problem for plants as too
little water. Use Table 3.1 to describe haw
the amount of water can affect certain growth

factors.
Prshmacal oa =
Ayl DRSUE
_ |irrigation

| Nutrient availability
Root growth

Table 3.11 Problems Caused by irrigation.

3.10 Adding more fertiliser does not necessarily mean

anincreasein crop growth. Give three reasons
why this might be the case.
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oamachines exert a high pressure on the gl throwgh thies
:15: The areas where these tyres mowe can Lrecomie v y
in-:'.p-.'.l.' ted as the soil is squashed together, and air spaces
;"E emoved. Thiscanteduce the area where plant rente can
E':;N and also reduce the natural drainage of the soil.

vee of machinery can have animpact on jobs and
employment. Alarge tractor with a range of cultivation
attachments can do the job of many people in loss time,
This means there are fewer opportunities for local peaple
towork on the land. Without jobs and income to feed

their families, some people might be forced to relocate.
Often people will migrate from rural areas to cities in the
hope of getting work. which can cause additional problems
if there 1s inadequate housing and competition for jobs,

3.6 Causes and impacts of
soil erosion

Soil ercsion is 3 naturally occurring process that affects all
types of land and plays an important rolein sha
landscape around us. Apart from naty
isusually fairly slow. Human activity,

resultin large, rapid changes to the landscape, affecting the

natural equilibrium. Figure 3.15 shows a simplistic diagram of
the different layers within the soil.

ping the
ral disasters, soil erosion
such as agriculture, can

parent
material

Bt |

bedrock

Figure 3.15? The horizons (layers) of soil. Most plant roots
arefound in the topsoil,

While there are a num

p ber of distinct layers (horizans) to
s0il, the topsoil, locat

ed just below dead leaves and plants,

Chapter 3! Agriculture and the environment

i Ahe most lertile The structuee of topsoil allews the most
rool prowth, bee suse it heles water hut also supparts air
spaces. Tapsoil 15 olten adark layer, because it contains
arganic matter and potentially a large auantity of nutrients
Loss of this layer can seriously affect the fertility of the soil
There are a number of ways in which tog

N

ol can he ereded

+ Removal of natural vegetation. The demand for land for
Rrazing, crop growing or timher has had a catastrophic
effect on natural habitats. The roots of existing plants
help bind the soil together, Once these are remaved. the
soil structure is not strong enough to withstand intense
rainfall. Flash flooding and ather rainwater run-off
picks up topsoil in its path and maves it away from its
original location, Tree roots are useful in slowing down
the speed of flowing torrents of water and providing
places for any soil that is carried along to get trapped
and deposited. When vegetation is remaoved there ma
be nothing left to prevent run-off and soil erosion, Areas
of rainforest that are cleared for cultivation often suffer
severe erosion because the original vegetation was the
only factor binding the soil together, Growers often need
to relocate frequently because the erosion prevents
them planting subsequent crops.

Overcultivation. Soils that are Cultivated regularly start
to lose soil structure; ploughing or digging breaks up
large clumps into smaller amounts. While this may

be good in the short term for even sowing and the
development of seedlings, the mechanical breakdown
of soil means that the

smaller particles are easier to
move and more vulnerable to erosion,

Overgrazing. Pressure on grazing land means that the
number of livestock present can reduce the vegetation
to nearly ground level. Constant hard grazing weakens
the plants because they do not have sufficient foliage
to photosynthesise, and therefore they gradually die
out. Lack of vegetation cover means that there are no
longer plant roots to hold the soil together and so the
soil becomes vulnerable to erosion. Large numbers

of animals within an area will also trample down the
plants, damaging them in the process. Animal hoofs
compact the ground, and compaction reduces the

number of air spaces in the soil, reducing root growth
and further weakening the plants.

Wind erosion. Removal of vegetation makes the soil far
more prone to being blown around by the wind, The
vegetation might be cleared for a number of reasons:

the need for more space, excessive grazing by animals,
an increase in the development of arable crops, or the
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need to remove he

deges and boundaries to allow large
mMachinex 10 operate off

fectively
Water erocine ;
HErerosion, Water is probably one of the more
ST MO ¥ i
LUmen causes of large -scale erosion and a

COiriri P [ P &
contributory factor to some of the other tvpes of

BIOSION Watar A am e
erosion, Wate can erode soils in a number of wavs
. b - | i

Heavy rainfall: heavy rain (with large droplets)

dislod 75 501l par

ticles with their force and they are

§ b i = " .

Lnen 10ose I'_".'[\LJ’:I‘ 1o bo (\rnd'-‘[.f in othoer \.‘,a.:‘_.s
Rainwater run-off: excess water that cannot be
absorbed by the soil will transport soil away from the
area. Water infiltration may also be reduced if the soil

vrfara k X
Suriace has been capped (by large water droplets) or
compacted by feet or machines.

Gu[!c"_\' erosion: gullies and streams contain a volume
of water moving at speed that erodes the local soil
even further, forming deeper and deeper crevices.
Gullies are initially formed as rainwater run-off
flows across the land. Problems can be made worse

The impact of wind erosion

R e -
o = e el ey —
> L S S

Figure 3.16 Soil drifting over a farm in the 1930s as a
result of severe erosion.

One major example of wind erosion was seen in the
prairies of USA and Canada in the 1930s. Farmers had
converted grassland into arable cropland, cultivating
large areas using tractor-drawn ploughs. The area
experienced extreme drought and the soil, no longer
held together by the deep-rooted grasses, was blown

whore there is a natural slopein the sejl o

51N

the rainwater 1o move faster, which then has, ”;
ainv afar

stronger SCOUring effect.

The impacts of soil erosion

While the loss of topsoil from an area is one cleay Sign of
extensive soil erasion, other direct and indiree) 'mﬁ:?rt«
are far more complex, LOsS of the topsoil I"I‘lf.'dnr,1hal- )
the most productive layer of the soil has been removeq
The subsoil is not capable of maintaining plant ?E"J'Nt;. il-.
the same way as topsoil, because of a lack of Autrients r
typically insufficient air spaces and Cha"‘*ﬂging St :
availability. The structure of the subsoil will not allow plans
roots to penetrate easily, hence the reason there sk,
very few shown in Figure 3.15. This inability to support
vegetation leads to the desertification of the area: the
lack of fertility means few plants survive, and faw pla.:us
surviving means that little organic matter s re-entering the
soil and improving its fertility.

around in the wind in huge dust clouds. These dust
clouds, known as “black blizzards” were so dense they
choked humans and livestock. They also impacted
cities and shipping in the ocean over 3000 kilometres
away. The impact was so great that whole farms became
unsuitable for use; topsoil that was originally up to 2m
deep, some of the most fertile in the country, had now
been lost. It is estimated that over 400000 km® of land
was affected, displacing approximately 500000 people
who had lost their entire farm. Other estimates suggest
that over 75% of the topsoil was lost from the area.

The impact of this environmental disaster spread

far beyond these farms, causing severe damage to

the economies of the two countries. In the USA the
government purchased 45000 km? of land from farmers
to prevent it from being used for arable production and
to allow it to return to grassland.

Questions

1 What were the main causes of this extreme soil
erosion?

Why were farmers allowed to work i this w2y’
. s jomn.
State two major impacts of this extreme soil erosio

How did the purchase of land by the US govern™"
help to address the problem?

B
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. rpcult of the l0SS of topsoil. there 15 a loss of habitats
A:. Ay organisms inthe area Organisms | ving or feeding
g v the topsoll will lose their habitat. Animals supported
:.: ~-al vegetation have fewer sources of shelter and
-:‘v "*.ss‘s.‘ erosion has an impact on the whole
¥ ,_._..;-'r?-\.v;:v-a"

I e e with the local ecosystem can
POOSVEE /

Pt et :
Jeo cause unforeseen problems, such as an increase in

rabipms it sufficient levels of their nat
Wikt - y .

tural predators

iE,.Eo_;l his can aiter the capacity of the water bodies to
cause flooding in new areas after heavy
rainfall. because the volume of silt deposited means there
i« nowhere to hold the water. In other Cases rivers are no

hald water and

longer navigable by boats because the waterways have
become 100 shallow, affecting the livelihood of those who
rely on the rivers for employment or as a supply route.

St aeposits can form small lagoons, providing new
breeding opporiunities for insects such as mosquitoes, a
vectoof malaria (see Section 4.7). Silt can also affect the
quality anc aveilability of water for drinking. Silty water
may affect the health and viability of aquatic organisms,
ourying them 2t the bottom of the silty layer or preventing
lignt reaching the leaves of aquatic plants, which ultimately
&ffects the oxygen content of the water and its ability to
provice 2 healthy living environment. Fish numbers, for
exzmpig, may oe badly affected because soil in the water
Can recuce the effectiveness of their gills in extracting
oxygen from the water,

o

-

The process of desertification means that the soil can

na longer adequately support the growth of plants. This
will nzve an impact on both the raising of crops and the
rezring of livestock (which feed on plant material). With a
fell in productivity from the land, locals may be forced to
relocate to make 2 living. In the case of severe drought, this
can result in the migration of a whole community. As with
the impact of mechanisation, there can be an increase

in the number of people moving into cities, but for many
farming communities the displacement mightinclude
their livestock, which are valuable possessions. The
movement of a whole community causes problems for the
vider regian, with potential conflict (even war) between
displaced farmers and the original farming communities.

Once 3 family or community has been displaced, even
ifthey are able to find land to cultivate, there will be

i - —— N ——
a significant delay befare any planted crop
y ;

anll yieled |

PR iy LIRSE " e
any food, Without a reliable soure il peania and

mw';m:!.\'..-w".q are ot rak of famine o malnutrition l
Foraging for food and fuel canhave a negatyeimpact on

the natural vegetation in the new area as well. The need

for food and a clean water supply becaomes a priority when

populations are displaced, and the focus of fareign aid

agencies is to supply basic food and medical needs in order

to prevent people dying and avoid a crisis developing.

ften the migration of communities means relocating to a
neighbouring country, causing the additional complication
of countries working together. Sometimes the lacation of
temporary encampments for populations and the need for
agreement between different countries results in a delay in
getting the right resources to those who need it.

@ errns e =

Famine: alack of access to food, often over a large area
Malnutrition: not having enough of the correct nutrients to eat,
causing ill health

Terracing: the artificial development of flat areas (for growing
crops) in a sloping terrain

3.7 Methods to reduce soil erosion

Farmers need to cultivate land efficiently if they are to
maximise its yield. If the techniques used result in the loss
of the topsoil, fertility is lost. Keeping soil healthy, and in
the correct place, is essential for the future production of
good crops and the health of the local ecosystem. There
is no one technique that can be applied in all situations:
itis the responsibility of those cultivating the land to
identify the risks within their own landscape and farm in
a responsible way. The list below highlights some of the
most common methods and the ways in which they help
prevent the erosion of soil;

Terracing

Terracing is a common technique used in a lot of areas

of the world. It helps to prevent the erosion of soil by
rainwater on steep slopes. Figure 3.17 shows how terracing ,
changes the shape of a hillside. When rainfall falls on a ‘
natural slope, it runs down the hillside due to gravity. As

it does so, the volume of water increases and so does

the speed (because of the gradient of the slope). Both of
these factors dislodge soil, which is then carried within the
surface run-off, When the speed of the water decreases
(typically in a valley or at the mouth of a river), the soils '
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s wn) the land, While at a far smaljor .,
Winwhber matural sloape up and d”""l_lll' the la ! naller 2] -'-!lf?' [har
] that used with terracing, each plough furray, holds,,,
dS vy
/ back and prevents large torrents of water unning o, ,% i
g . wenting the formation of larae, .00
G i the slope, 5o pre vl"ll.i i of | EEF g -
TSN Inereasing in spend and the run-off of topsaoil. ]
voluimn camying soil in ; :
tha rneoft Contour ploughing is suitable in a number of Situat.
. <l i,
S and useful on all gradients of slope. When land js &
i o0il Is Chaplaced cultivated and left without vegetatl_(m fora period of
into the boltom time, while the seeds start to perminate ang EMergs
I ol the valley X = el . - =TEE, the
root system will be insufficient to bind the sei| if Contoy
' ploughing is used, the furrows help prevent rosion yng;
: L
rainwater the plants are established,
|
s T Bunds
Often linked to terracing, bunds are artificia| banks at the
water is hekd In the lst tar edges of growing spaces designed to hold back water. Thic
| areas, causing less risk of run-oll

and more chance to inflifrale

Figure 3.17 The impact on terracing on soil erosion. Flat
areas tend to have a reduced water f low, decreasing the
risk of topsoil being carried in run-off.

particles will be deposited. If there are no natural barriers
left because of bad cultivation, the hillside ic left withowt
2ny useable topsoil, crops are washed away and areas
where the soil has been deposited are covered in thick silty
mud. In some cases whole villages can be submerged by
mudslides, causing loss of life and loss of property. When
washed further down into rivers or lakes, the silt can cause
transport issues as well as damage to the ecosystem,

While very labour intensive, the re-modelling of a hillside
into a series of terraces (or steps) means that when heavy
rain does occur itis less likely to run down a slope. The
water sits within each of the level, terraced areas longer
than run-off, and the majority will infiltrate (soak) imto the
soil, where it can be used as needed.

Some crops benefit from the presence of standing water;
terracing is often used for the cultivation of rice, using the
pools of water formed to grow the plantsin.

Contour ploughing

Based on a similar principle to terracing, whe_n an area of
land is ploughed there are benefits to ploughing so that
the ridges and troughs run along the contours {rather than

technique is especially useful for crops (such as fice) that
need to be submerged at some stage or require very maist
soils. Figure 3.18 shows how water is retained. The lack

of the water flow also means that any soil that has been

eroded from higher up the slope will be deposited in that
terrace, increasing the quantity of soil available to the crop
and potentially increasing its fertility.

rainwater is slowed down by the
terrace, but excess will still move

o nexieve =
|

terrace by the bund

\ water is retained on the /:’““d

Figure 3.18 Bunds (banks of soil) are useful for holding b2
water and preventing soil erosion from run-off. The t:nul'“:_I
also helps to protect the soil from wind erosion, depend’™
onits height and the direction of the prevailing wind-

L KREY TERM!

5 causfd by
Contour ploughing: a technique where the furrow
ploughing follow the contours of the land

of an
Bund: an embankment constructed around the edg®
area to reduce the loss of a liquid (such as water)

>
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CASE STUDY

Without a windbreak, winds will pick up
soil particles as they move along at speed.

There is no barrier to reduce wind speed. ;
T—— e —
e A e

Solid structures, such as walls, lorce

the wind into smaller spaces, often *\ =
increasing wind speeds and causing A N <«
eddy currents. 111 |
¢l |} -
Permeable structures, suchas g &
vegetation, allow some wind to pass 1 ] |
through, slowing the wind speed and A

therefore the amount of
wind erosion.

Figure 3.19 Natural windbreaks are more effective than

solid structures because they reduce the speed of the wind
asit flows through the foliage.

Windbreaks

Widely used in many parts of the world, windbreaks
(s the name implies) are 3 useful tool for reducing

Flower power

The Netherlands has a long agricultural history. Its
temperate climate and fertile soils are ideal for growing a
wide range of crops and pasture.

The Netherlands' location within Europe has meant

that it has been a strong trading nation for hundreds of
years. Good transport links have helped the Netherlands
develop the largest wholesale flower markets in the
world, importing flowers from across the globe and
selling them on to customers across Europe and beyond.
In addition to trading in cut flowers from across the
world, the fertile land within the Netherlands is used

for growing flower bulbs, the most famous being the
tulip. This is done on a large scale and, to increase the
productive space, low-lying lands have been drained and

1apter 3: Agriculture and the environment

wind erosion. While many different materials can be
used, natural vegetation is one of the best materials.
Many artificial windbreaks aim to reproduce the same
effect as natural windbreaks. Figure 3.19 shows how

wind speed is reduced. Matural windbreaks can have
other benefits:

» they can provide additional habitats for beneficial
insects (or other animals) that help control crop pests

+ theroots of the windbreak will help hold back soil if the

area is prone to erasion by run-off,

3.11 Afarmer wishes to cultivate 2 steeply sloping
field. Suggest two techniques she could use to
prevent excessive soil erosion.

3.12 Give two advantages and two disadvantages of
planting a windbreak at the edge of a field.

3.13 Suggest one other (non-natural) way a
windbreak could be made.

@fﬁ IS T | n

Windbreak: a permeable barrier, made of either living

vegetation or artificial material, used to reduce the impact of
the wind on an area

large embankments (dams) built to hold back the water.
The soil is peaty (contains a high level of organic matter)
and is managed using drainage systems to take away
extra water, which is then pumped outside the dams.
Draining the low-lying land has allowed the growers

to produce large fields on reclaimed ground without
the need to remove natural vegetation. This process has
also meant that the fields can be given straight edges, so
using the large cultivation machines is very efficient.
Figure 3.20 shows an area of flower bulb production. The
production of bulbs is mechanised: tractors do most

of the work, with special attachments for planting

the bulbs and harvesting the bulbs and additional
equipment for applying fertiliser and pesticides. Large
areas of land can be cultivated, and the crops cared for
by a small number of workers, so the costs of producing

e ———————————— ey —

B—

Scanned with CamScanner

Scanned with CamScanner




Cambridge IGCSE and O Level Environmental Management

Figure 3.20 An area used for cultivation of flower bulbs.

flower bulbs can be lower and more competitive than
those grown in other countries.

Tulips bulbs are planted very close together to
maximise the use of the land. This means that a lot of
nutrients are needed from the soil, and so the growers
use large quantities of chemical linorganic) fertilisers,
The bulbs are a high-value crop so the growers also
work hard to prevent the spread of any pests or
diseases and typically control these problems with
chemical sprays.

Tulip growers can get two ‘harvests' from the same
crop. Bulbs are lified from the crop in late summer and
sold around the world. In addition, the tulip flowers are
picked and sold through the Netherlands' wholesale
cut-flower markets, again being transported around the
world. The flowers are cut in the spring, which is useful

Maintaining crop cover

Cultivated soil is most vulnerable to erosion when there is
little to hold it together. Erosion in natural ecosystems is
normally limited by the vegetation growing within it: the
roots of the plants bind the soil together as they anchor
themselves into the ground. When an area is ploughed
and cultivated, many of the natural saleguards apainst soil
erosion are removed: the soil is broken up into smaller,
more uniform pieces, any plant growth on the surface of
the soil is removed, and this is usually done at a time in the

for the flower growers because there is employment for
workers over a longer season.

Questions

1 a  Describe the type of agriculture used by the

flower growers in the Netherlands.

Wind erosion is a major problem. Give three
reasons why this might be the case.

b

2 What will be the biggest risk of applying pesticides
and fertilisers by tractor? Outline the potential
risks to the ecosystem.

3

This land is some of the most fertile in the
Netherlands, yet the farmers are growing flowers

rather than food. Give arguments for and against ,
allowing farmers to choose their own crops to grow. |

year when the soil is relatively lightweight (if the soil were
heavy with water, it would be too difficult to cultivate)

There arg many E}(al’hp]es of [n;iigg ecu[ogi[al diBa‘.-l.ﬂl'Sl:j
different parts of the world where farmers have cultva® .
large areas of land and it has become vulnerable t0 05"
Even on a small scale, it can be a serious problem fﬁ:’w
farmer. However, it is relatively easy to reducethe nf -
main [é'liﬂiﬁg avegetative cover on the land for .JS- |0|' Eﬂ
possible. In some cases this might mean planting 01: 28
additional cover crop to help maintain the health @

g
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1o farmers, for example, will sow a lepume such as
ol 0 2.t.d.,m~1»., after a crop has been harvested. While
Ch? ri Lﬂ::mnr a saleable product itself, the clover helps to
*::‘: l:ll..: Iomgl;h;r and (as a legume) means there will be more
1;;:1:,!2{;,1,,1 the soil for the next major crop. When the farmer
I,‘ I,?_‘d\ to cultivate the land for a crop, the clover can simply
be ploughed into the soil immediately prior to sowing.

other methods using the same principle include a *no dig’
method: existing vegetation is left until the moment a new
crop is readv to be sown, but rather than cultivate the soil
the farmer applies a herbicide to kill off existing weeds.
The ground has not been disturbed and the root§ of the
original vegetation still bind the soil together until the new
crop has started to establish itself. There are still risks with
this method: herbicide residues can build up in the soil

and affect the crop, and if control of the cover vegetation is
ineffective it will compete with the new crop as a weed.

Adding organic matter

Asoilis more at risk if it is has been left uncovered, if it

has been broken down into small particles and if it is
lightweight (and so has a low water content). This last

issue can be addressed by adding more organic matter,
such as animal manure or composted plant material, to
the soil. Additional organic matter has a number of effects:
it provides additional air gaps in heavy soils, increases

the number of soil organisms in the soil (because they
are feeding on the organic matter)

. adds nutrients to the
soil and, regardi

ng soil ercsion, improves the general soil
structure. Acting rather like a sponge, organic matter holds
€xlra water, preventing the soil from drying out (when

itis more prone to blowing away). Having larger, more
irregularly sized particles, it helps form a base for other

soil particles to bind 1, 2gain reducing the chances of
smzll particles being blown aw éy. Anincrease in organic
matter, as well as increasing the general fertility of the soil
(and therefore more Vegetation on the soil surface) allows
plants to develop stronger and more widespread roots,

which help hold the soil together even when the tops of
the plants are removed during cultivation,

Amulti-layered a
Most of the techni
the planting of jus
but this has not b
COuntries, With
25 1ES0UrCEs are

pproach to cropping

ques discussed so far have focused on
tonecropin an area {mnnocmpping},
een the traditional approach in many
he risk of soil ergsion becoming greater
exploited further, many researchers are
oW revisiting older, established processes to see if they

€an be applied within a modern setting, Tree planting, for
xample, has many ad vantages:

~——
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+ arowof trees can form a windbreak te pratect
other crops

+ the tree canopy can provide shade for smaller craps that
do not naturally thrive in direct sunlight, for f‘fr'l'_“ﬂl"
commercial coffee plants are derived fram species that
occupy the understarey of a woadland ar farest whera
they would be shaded by taller trees

the trees can also provide a natural habitat for animals
that feed on the crop pests, reducing loss of the crap
and the casts of buying expensive insecticides

tree leaves fall to the ground and will add to the organic
matter content of the soil

Other cropping systems have many benefits as well. Mized
cropping, growing more than one type of plant in the same
area, means the resources in the soil, such as nutrients,
are used more efficiently. If the plants grow at different
heights, for example, they can use the same space without
too much competition. If ane plant has a deeper root
system, it can be grown in the same area as a plant with a

shallower root system. A smaller, sturdier plantcanactasa
support for a taller, more unstable crop.

A specific type of mixed cropping is intercropping: rows
of a different crop are grown in between the established
rows of the main crop. Typically of shorter duration than
other types of mixed cropping, intercropping is used to
maximise the use of space and other resources in afield. It
is often used in new plantations, when the mai
will take a while to mature. Other plantscanb

ground level and provide a profit for the farm
main plantation matures.

n tree crop
e grown at
er while the

Crop rotation can also be used to

use resources efficiently.
Planting di

fferent crops over successive years in the same
plot of land helps reduce the incidence of pests, improve

the quality of the soil and utilise nutrients more effectively.

ey

Intercropping: the technique of growing other crops between
the rows of a main crop, maximising the use of nutrients and water

3.8 Anintegrated approach for
sustainable agriculture

While many of the techniques discussed so far can be

used isolation, the most benefit can be derived by using a
combination of techniques and adapting them for the local
soil and climatic conditions. Historically, there are many
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es 0 techniques that been researched and used

SUCCERSTUIY o

1acertam climate, and then used elsewhere
27 e assumption it will just as successiul. However, this
s 0Tten not the case, resulting in ecological damage and

Je unaerstanding of the long-term effects, even with the

Well-known examples include the use of some of the early
chemical insecticides. Chemical compounds like DDT were
seen as major breakthroughs in pesticide research, killing
almest all insects. Itwas realised that beneficial insects
tect of successful pest control, What was poorly
understood was the long-term effects and impacts on the
wiger food web. There was initially little understanding or
concern for the long-term impact or the sustainability of
the technigue.

More recently there has been increasing interest in the
concept of sustainable agriculture, to maximise yields in a

LU0

vay that coes not damage the wider environment unduly
and main

'd maintains resources for future generations. The aims
of sustainable agriculture include the following:

-

+ meeting the needs of the population for
agricultural produce

« making efficient use of non-renewable resources

+ supporting the natural ecosystem and mimicking
natural processes with farming techniques

« sustaining the economic independence of farmers,

Sustainable agriculture can use a number of ‘organic’
technigues, that is using materials derived from natural,
living sources, but it does not prevent the use of artificial,
manufactured materials if they have an overall beneficial
impact on the farming ecosystem. It might still be
appropriate to use some insecticides or herbicides, but their
use might be limited to specific seasons (for example when
pollinating insects will not be affected), the use of non-
persistent chemicals (so that residues are not be left that
could affect other arganisms) or when there is no better cost-
effective alternative. How such decisions are made can be
the subject of much debate. What one person may consider
to be sustainable may not acceptable to another. Regarding
some of the more common systems and techniques used

in agriculture today, an evaluation of the most appropriate,
sustainable approach could include the following.

Fertilisers: the application of too much fertiliser at any
particular time can cause serious environmental damage,
in particular water contamination and subsequent
eutrophication (Figure 3.21). Artificial fertilisers use a

Figure 3.21 Eutrophication of a drainage ditch.

lot of energy in their production, and many are fast
acting, releasing nutrients quickly into the soil, which is
arisk when there are high volumes of rain. A sustainable
alternative is the use of natural, bulky organic fertilisers

such as animal manures and composted crop remains.
Such organic fertilisers:

tend to release their nutrients slowly, reducing the risk
of eutrophication

in many areas are a waste product, so using them for
agriculture saves on disposal costs

are already present on many farms, so there are minim3
transport costs associated with using them

do not require energy for their manufacture

also improve the soil structure.

Grazing: most livestock feeds on the vepetation grown
within the farm. While this can occur randomly, 2
sustainable, managed approach has a number of
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Chapter 3: Agriculture and the environment

penefits. Amana ged approach looks at the stoc king
donsity in an area qnd evaluates an appropriate timescale
for allowing the animals to _graze before moving them on
to another area. The benefits of managing the grazing of
jivestock include:

contentious aspect for some sustainable farmers, a4 the
techniques that have resulted in some (but only a small
minority) of the new species are the result of genetic
modification. The question posed by some scientists is
whether this technology is safe hecause the long-term
age effects on both humans and the ecosystem are not

e

. the prevention of overgrazing (when too much folj

LL is removed) and reducing the ability of grazeqd plants known or understood as yet. However, e i st
5 § regrow plant breeding has resulted in a number of impartant

| to - _ . improvements. The choice of crop varieties now availzble
i « ensuring Suﬂ!C19ﬂ1_E:r§zlng by preventing scrubland offers farmers:

[ plants from establishing because they are eaten a¢ :

% young seedlings * reduced pesticide use, because of pest-resistance

If - maintaining appropriate soil fertility, by moving * the ability to combat certain plant diseases (such as

|

livestock between different fields they are all f ertilised
by the animal waste and no area receives too

viruses) where no other form exists
E many nutrients
i
|

a reduced need for irrigation throughout the plant’s life,
because of drought resistance
+ maintaining good drainage, as appropriate grazing by

shorter cropping cycles, allowing two or more crops a year
livestock helps prevent unnecessary compaction of the

soil by the animals’ hooves (compacted soil does not g erhucedhher?tcidt-’._- e NGt h?_:‘.blc'de l:es:stince.
drain as easily, which affects the growth and cover of although so far this has only been achieved t roug
grazing plants).

genetic modification, for example resistance to the
herbicide glyphosate means a growing crop can be
. Crop rotation: 2 planned rotation (move ment) of crop sprayed and only the weeds affected
I plants between different fields or plots has a ny mber of

. beneficial effects for sustainable agriculture: * anextended harvesting season, providing a range of

food for longer than possible with traditional varieties.
E + lessrisk of pests and diseases because the crop is not
grown in the same plot as the previous year Irrigation

Efficiency in the use of water has become a priority in
many countries where the water resources available are
incapable of meeting the full demands of agriculture as
well as the needs of a growing population and increasing
efficient use of available fertilisers, for example by use by industry. Sustainable agriculture has focused on
utiising the nitrogen fixed in the roots of legumes the targeted use of water. Trickle-drip irrigation (delivering
growing a range of crops which means there is lesslikely ~ water to the base of plants using small pipes) provides the
o be an over-supply in the marketplace following sustainable benefits:

I « efficient use of cultivation techniques, for example with

plants that need deep cultivation being sown after the
harvesting of root crops

increasing the likelihood of at least onegoodcropinany  *
One year, as crop success can vary each growing season + targeted delivery of water to the plants
| and a range of crops spreads the risk of complete failure

+ theability to only use the system when the plants
need water

minimising the amount of water used

awider diet for the farmer, if a range of crops is available
rather than one monoculture

+ automation of the process to reduce the amount of

natural fertiliser for the soil if animals are included in labour needed to operate it

e r.maﬁm' and old crop residues can be eaten by + areduced risk of salinisation of the water in the soil,
! the livestock, because less water evaporates from the soil surface and

Choice of varieties: plant breeding has led to a huge therefore salts are not drawn up from deeper in the soil.

aCvancement in the quality of crops available, not just

SR Asustainable approach to water use includes reviewing
m?".“s of their yield butin their I'E'|hI3bl|lt_)l'. 50me ”E""f’er the methods of extraction and the natural availability
Varieties are able 1o cope with situations in wh@h their of water. Water for agriculture has to be of a suitable
Predecessors would certainly have failed. This is a more

1'
h——
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quality for irrigation {low in dissolved salts and levels of
Pollution) but does not have to be as clean as required for
rlmt.‘ath (drinking) water and water supplied to livestock,
sustainable agriculture yses
reserving w
for ot

alternative water supplies,
ater from bore holes and other clean sources
her uses, For example, the collection of water from
the roofs of buildings is ideal for irrigation. This is known
as rainwater harvesting collecting rainwater from
buildings and hard-standing areas means it can be stored
In tanks or reservoirs until needed. The water is then
pumped through an irrigation system from the storage
container to where it is needed, when it is needed.

In systems where a large amount of water is being used,
the irrigation run-off can be collected and returned to

the storage point for re-use later. This is a riskier method
because salts may be leached out into the water and build
up over time. Silt can also be carried in the run-off and
potentially block the irrigation system.

e SRS

=Y 1E

Rainwater harvesting: the collection of rainwater, for
example from the roofs of buildings, and storage in a tank or
reservoir for later use

Towards a sustainable future?

As a major employer and the largest land user of any
industry in the world, agriculture has a major part to play
in the maintenance of a healthy and viable ecosystem.
The pressures on agriculture to supply an increasing
population but in a sustainable way is one the biggest

After completing this chapter, you should know:

the components of soil

where the soil components originate

how to evaluate the proportions of these components
the availability of nutrients and the impact of
deficiencies

the relative merits of different soil types

» different types of agriculture

l.‘h 1"{‘”;"\.—‘ ‘I'.f_’_! “rr;rirj fll”r_‘n”"'f [r"l(_(_"',_ T 'j'.u“ te) 'hi'*
I e A :
challenge, environmentalists need to understane an
manage a number of competing factors,
L »

. The need to understand the nature ang COMPasitiy, :
<gils: how the individual components have an, iMpacy
on how the soil reacts to changing CirCumnrancql

« Why soil is important for plant growth: the neey
for sufficient nutrients and how to manage the
soil to maximise the nutrient availability (and the
consequences of getting it wrong).

« How to manage soils with different characteris

ticsty
maximise their performance.

» Therole of different types of agricultural systems: b,
to address the different aims of different farmers

» Ways in which yields can be improved and how the
choice of different practices has an impact on the [ocy)
ecosystem and local people.

+ Theimpact different practices have on soil erosion ang
what can be done to reduce it.

+ How agriculture can produce the yields neededina way
that is sustainable for the planet.

These are issues as much for the future as they are for
today, because the challenges will not diminish, Other
questions will come to the fore, such as the role of genetic
modification and its potential to feed the hungry of the
world, or whether global food problems can be solved by
dictating what people are allowed to eat, using land for

a larger quantity of crops rather than the luxuries of fine
foods and flowers that are available now.

1 techniques used to increase agricultural yield
methods of controlling pests, diseases and weeds

the techniques of selective breeding and genetic
modification

® methods for controlling the growing environment

the impacts of poor agricultural management
w different approaches to maintaining soil fertility-
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Chapter 3: Agriculture and the environment

L
End-of-chapter questions
1 a  Name the four components of soil. [4 marks]
b How would a drought affect the balance of these four components? [1 mark]
2 How might cha nging the pH of the soil affect the growth of a crop? (1 mark]
3 Give three ways the ‘Green Revolution' has helped feed a growing
world population, [3 marks]
4 Explain how crop rotation can help increase the yield of a crop. [2 marks]
S Describe three ways farmers can improve the eff iciency of their water use. [3 marks]
6 Describe theimpact of applying too much fertiliser to a crop. [2 marks]
7 '“‘E"C"OPrfing is identified as a useful way of helping prevent soil erosion in
c:-:-rtanp SOI'I. conditions. In addition to the prevention of erosion, what other
. benefits might this technique have? [3 marks] P

|
i
|
|
1
|
i
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Controlling pests naturally: a flawed decision

EXTENDED CASE STUDY

Figure 3.22 The cane toad: introduced into Australia with a huge environmental impact.

Sugar cane plants were introduced into Australia as the country became populated by Europeans. Records
show that there were plantations in the Brisbane area as early as 1862, Plantations were den ::__1 ]:‘Lntﬂ d
tended to be grown as monocultures (only the one crop grown in an area) and tod ay are highlz r:n‘ec'llar‘nstd.
As the numbers of sugar cane plantations grew, so did the incidence of pests. Two native beetle species
cause major problems: the adults eat the leaves of the crop and their larvae eat the roots. These hEctius
have proved to be difficult 10 control because the adults have a tough skin that repels ‘L“ﬂlil:il.it:s and the
larvae are buried in the soil so are not easy to spray. When pesticides are used, not tmil are they not ver
effective on the pests but they also kill many other insects and upset the natural ecos :lt:m J\uitra!iuu ¥
scientists looked at other areas of the world and read reports of increased yields in pll:nialir:mq iln Hawati
the natural location of cane toads. Cane toads are relatively Jarge I shze anid sat o wide ' ! € diff 'r:n"
insects (Figure 3.22). ' =TAREE AL ALeLs
A small number of cane toads were imported into Australia in the 19305, bred successfully and released
into the local plantations. Unfortunately, it was then discovered that the g il w;;q m: !articula;‘ly
effective at controlling the beetles on the Australian sugar cane, but preferred 1o eat t!ihcr i|i1-;cctt; and
animals in the area. It has been estimated that there are now over 200 million s GadeT :nms:;mli.a.
They have bred rapidly because: i '

+  they outcompete native animals for food

s they outcompete native animals for habital space
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they have no natural predators in Australia
if a.ti acked. they produce a toxic liquid on their skin

they are mobile, and the population area increases by approximately 40 km year ',

Cane toads reduce the number of natural organisms within an area. The local population of the Argos
monitor, a large lizard, can be reduced by as much as 90% once the cane toad arrives in its community,
The lizards cat the toads but die from the toxin on the skin, and the death of the lizards and increase

in toads affects the whole food web. Figure 3.23 shows the spread of the cane toad population and what
«cientists believe ta be the potential range of the toad.

Bl 2r<: invaded by toads

_ |
Figure 3.23 Maps of Australia showing the spread of the cane toad and the area scientists think might
be at risk from invasion.

>
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1 (One suggestion 15t infect the

e 1O
d of the (A hen the adults mate,

Scientiets are pow Inpl frig frp wemve tn g entrol the sprea , aa the i.‘rl._.l...u}ﬂir|1‘1 w
cane toad prorvinlation with a viral dierace that will spreR R
. I collect of trap
imr‘.\ (L

The population is ton widely spread and numerons o €

Qacetions d to farm suga
: jeulture used {0 g
1 Copy Tuble 312 then circle the words that best d..-qnl-rththpu\{aﬁn

Cane 1‘!:"‘1!:1! jone (chooee one from eac h r\.'l'iT" S—

i jcnmmrr{ial farming -

| subsistence farming

| pastoral _ arable
Lintensive extensive

Table 3.12 Sugar cane plantations.

2 oy e native beetles,
Suggest how the introduction of sugar cane plantations increased the numbers of th

3 @ Describe the current location of the cane toad population in Australia. ;

b Using Figure 3.22, estimate the percentage of the total country that could potentially have the
right habitat for a cane toad population.

¢ Suggest why scientists have not included all of Australiain the pot

4 Suggest reasons why the spread of the toad has been so rapid.

5 Outline the checks the scientists should have made before releasing the first toads in Augtraliaiin
1936,

6 Biological control is seen by many environmentalists to be preferable to the use of chemical
pesticides, vet this introduction has been an environmental disaster for Australia. Give an argument
1o support the use of other biological controls in the future.

L]

ential range for the toad.

=1

Suggest some advantages and disadvantages of the current plan to infect the cane toads with a virus
that will kill them.

8  The sugar cane plantations still have problems with the beetles that eat the leaves and roots.
Cane toads have not provided a solution. Suggest another other method that could be used to
control this pest,
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Chapter 4
Water and its management

Learning outcomes

By the end of this chapter, you will be able to:

|

discuss how water is distributed over the Earth

discuss the water cycle

explain how people can obtain fresh water, and what they use the fresh water for
discuss the availability of water that is safe for drinking across the world

discuss the use of dams

discuss different causes of water pollution

discuss the effects of water pollution on human populations and the environment
discuss methods for improving access to good quality and reliable quantities of water
explain the methods used to control and eradicate malaria and cholera.

cannea wi
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Amazing water

Wt (14 " ; -
vvaier | _-\-‘I %52 'r"'h-_!'l‘;’.ﬁ!ﬂ' F‘UD‘:TE”CE It isa |'['.|U".j at room
“1--_-“-‘,:.--,. b

ature, which is ynusyal encugh compared with
related compounds, such as hydrogen sulfide (H,S),

room temperature. Add to this the fact

lice) is less dense than the liquid and
tances can dissolve in the liquid it is not hard to
ee why people are fascinated by it. More than this though,

! life as we know it Astronomers searching
'or evidence of life outside Earth often look forwater as a
Sign that such 2 thing may be possible. Recent evidence that
water exists on Mars has fuelled speculation that life may

exist there as well or &t least may have done so in the past.

Closely
which are gases at
that the solid form

many subs

water is vital for |

Crucially, water is also transparent. We think life on Earth
arose in the sea about 3000 million years 2go and did not
€merge on land until about 600 million years ago. Avital
process for life is photosynthesis by green plants, which
requires light to occur, The ability of water to let at least
some light penetrate it would have allowed photosynthetic
Organisms to develop in the sea thousands of millions of
¥ears 2go. Iits ability to dissolve many substances makes
water a very good source of small molecules, such as the

minerals and sugars that life requires.

4.1 The distribution of water
on Earth

Although more than 75% of the Earth’s surface is covered

in water, only 3% of this water is fresh (non-salty) and
potentially usable by humans. This is about 42 million km? of
fresh water. However, much of this water is locked up in the
polar ice caps or glaciers. In fact, less than 1% of the Earth’s
fresh water is readily available for people to use (Figure 4.1).

fresh water other
% 0.9%

ground-
water
30.1%

ice caps
97% and
glaciers
68.7%

Earth's water freshwater

fresh
surface water
(liquid)

Figure 4.1 The distribution of the Earth's water.

. 1™ o $imem UL .
However. the World Health Organization (WHOQ) i5
la B=rie 3 Fae "
concerned that not enough people have a basie evel of
g P L T o il
access to clean drinking water and sanitation. Dr Marj5

' tor for Public Health caomm
Neira, the WHO's Director for Public Heaith, comm

entedin
of drinkj

ditis "equired
not only in quantity but, importantly, in good Quality, Even
though we rely on water so much, both at a persang| and a1 :
a national level, we also abuse and pollute it

May 2014 that too many people lack a basic leve|

b s R R e
water and sanitation. Water isvital for life_ ar

Figure 4.0. Some people have to travel a long way each day

to collect water.

KEY TER! - 3

e |

Sanitation: the conditions necessary for health, such as
providing clean drinking water and the safe disposal of sewage

This amounts to 420 000 km?, which is about 60 million lires
of water for Every person on Earth. On average, one person
uses about 1.5 million litres a year, This is both directly, for
drinking and washing, for example, and indirectly, in the
manufacture of products that a person uses. Although
Itseems that there is plenty of water for everyone, th
situation is not that simple. Half of the available fresh
water is found in just six countries: Brazil, Russia, Canada,
Indonesia, China and Colombia. In addition, much of itis
not suitable for drinking. So, there are many challengest®
providing people with enough clean, safe water.

Worldwide, women syffer the burden of collecting w ater, Wit

cantakethemupto 6 hou rs aday. Women walkana yerage

of 6 kmiin Africa and Asia to collect water. A study in T2 <
showed that reducing the time for collecting water by 12’

vaterts

increased girls' school attendance by 12%. Collecting!
. % A g e i AT CE
deny women time for a significant education from 2

—
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4.2 The water C}‘Cie All these changes in the state of water and its place on the

3 g Earth are summarised in the water cycle (Figure 4.2).
| 386 000000 km” of water on Earth is a fixed amount

:::t neither increases nof decreases. However, water  KEYTERMS R al T _'i ¥
exists in different forms and is found in many places. At ) sl -

anetime 2 particular water molecule may be within ice Evaporation: lhe.pmcess in whir,‘r) liquid water turns into

] inaglacier, at another in a drop of rain. It may be in the vapour, the oppasite of condf-nsaulon ‘
oceanorina fast-flowing river in the far north, The ch ange c_unldensatinn: the process in which water vapour turns in to
in the state of water will often lead to a change in where it liquid wate‘r. the opposite o’ilwapt:lrall-nn . .
is. Theicein a glacier may melt and become liquid water, MIpMUon: the pror:es.s in which liquid water {as rain) orice
jt may then enter a river that flows into a lake. With the pesAes s snaworhall} (el o fanth dun o graviy.

| warmth of the Sun on the lake, water may evaporate and :LGspira:::n: the:‘:"fmem‘ ?lfwiie:h"?ﬁlams AR

i become vapour. This vapour can then rise into the sky, sl_l;::: :.m :;:-a:h : e wr:'. h e h

| condense and form clouds. Under certain circumstances, YA Ene prareRa D TG M BRCTANS CHRI Rt

ound into rivers
the water in these clouds will fall as rain or snow, called =

, precipitation. It may then enter the soil and be taken up :?ot:-.“r::::::é tﬁ;ﬁﬁ";ﬁﬂﬁﬂfﬁ ;ﬁﬁlﬁfﬁiﬂd
, by the roots of plant, to be transported up the plant in the other plants
| transpiration stream. This movement is driven by the loss
; of water from the plant in the process of transpiration.
. Other possibilities are that that it will flow along the flows through rocks
' ground in a process called surface run-off, be trapped Through flow: the process by which infiltrated water flows
by the leaves of plants, a process called interception, or through the soil
enter the ground by infiltration and then become part of

groundwater flow (if it flows through rocks) or through
flow (if it flows through soil).

Infiltration: the process by which water seeps into the ground
Groundwater flow: the process by which infiltrated water

condensation o form clouds

[r-,-w condensalion 1o form clouds
s gt ff?*ffr‘-““'-f"- " (PP

St L v

o ,r,,:,,, pephaton (4.1, |

Fi -
s\‘E‘g':t:re 4.2 The main processes in the water cycle. The arrows represent the processes, these are described in the text in this
ion,
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4.3 Why humans need water

Humane mas .
Umans need water for domestic. industrial and

-'1_;."I' Ul IlTl,l.'l‘\!: {”"Pﬁ-"-"'g

Domestic

In the home water is, of course, used for drinking and
Cooking, but this only ac counts for about 3% of domestic
use. In more economically developed countries (MEDCs)
about 50% of domestic water is used for washing and
flushing the toilet and a further 20% for washing clothes.
Much less domestic water is used for washing, flushing
the toilet and laundry in less economically developed
countries (LEDCs), although the actual proportions vary.
In some situations quite a lot of water is used for watering
the garden and a substantial amount is often lost in leaks.

The proportions of these uses and losses varies. Water for

domestic use needs to be especially safe.

Industrial

Water is used in a vast range of industrial processes.
One of the largest uses is for cooling in the production of
electricity. Another use of water relies on the fact that 2

very wide range of substances is soluble in it. Water is often
described as the universal solvent.

Agricultural

By far the greatest use of water in agriculture is for
irrigation (see Section 3.4) The use of water for irrigation
often forms the largest proportion of water use for a whole
country. Plants need water to transport minerals and
food, to keep their cells rigid and to combine with carbon
dioxide to make food in photosynthesis (see Section 9.1).
This means that, for successful growth of crops, a reliable
supply of water will be needed. In addition, domestic
animals require a reliable source of water.

4.4 The main sources of fresh
water for human use

Fresh water is often very visible on the Earth’s surface as
lakes, rivers and swamps. This is called surface water.
Rivers, and sometimes lakes, are major sources for
human use.

However, Figure 4.1 shows that there is a lot more v‘u.?ter

in the ground, known as groundwater Vast qQanunes of
water are stored in the spaces of porous rock (limestone or
sandstone). Such a store is referred to as an aquifer.

4 b insigff Tai&TTE
In regions of the world where insufficient Water s oy
i ater and graundwater - e
surface w 1 A e e
from both su 5 UCes othe.

solutions to water supply have to be found, 6)n T
most common of these is to use salt water fre,rp,

L

LT

This water is made safe for human use (potable by o
removing the salt. This carried out in 3 desalinatioﬂ i
. : ] WaArs

Water from rivers
Water can be taken from rivers by simply dippin

£ 3 butke

into it. This is still the only way ta get water in Many pars.
Rarts

of the world. At the other extreme are huge natinny

projects, often involving the construction of 3 reseryg;,
A reservoir may be created behind a dam or by the Sice ¢
the river (3 bank-side reservoir). In both of these Cases ,r;:,
reservoir forms a large store of water, Usually, thi
not safe but can be treated to make it potagle.

SWateri

Another type of reservoir is the service reservoir in
treated, and therefore potable, water is stored for Use
Water towers and underground cisterns are examples of
SEervice reservoirs.

Which

Water from the ground

Water that infiltrates the ground may accumulats in porous
rocks such as sandstone and limestone. These stores of
water are called aquifers. The global quantity of waterin
aquifers is relatively large, about 30% of all fresh water
(see Figure 4.1). Aquifers fulfil a very significant proporticn
of human water needs,

The most common way in which water is obtained from
aquifers is to sink wells into them. A well can be dugby
hand or bored into rock with machinery. If the water in the

s S —— e — —— —
@:'11’1--"‘3?-.':

Surface water: water in lakes, rivers and swamps
Groundwater: water in the soil, and in rocks under the surface
of the ground

Aquifer: water stored in porous rocks under the ground
Potable: safe to drink

Desalination: the removal of salt from water

Reservoir: an artificial lake where water can be stored
Service reservoir: a reservoirin which potable water isstored

Water tower: a type of reservoir where potable water sstored
forimmediate use

Cistern: avesselin which water, usually potable, is stored,
forming a type of covered reservoir odthee
Well: ahole bored or dug into rock to reach the water St

B |
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o i not under pressure, it has to be raised to the top
aquife" oll. This can be done by simply lowering a bucket
o the \\po 6r with a hand-operated pump. This would
ond []T-Et‘“"“ method used in LEDCs. In MEDCs, some
;i c::; of motor-driven pump is more likely to be used,

the water is stored under pressure, the aquifer is referred
l;a asan artesian aquifer.

water from @ well sunk into an artesian aquifer (an artesian
well will rise to the surface without the need for a pump.

water from the sea

n principle, to make salt water suitable for human
consumption, the salt simply has to be removed in a
process called desalination. Over 87% of all the world's
water is in the ocean and salty. Salt water cannot be drunk,
3sit would cause health problems and, eventually, death.
Two processes can be used to make salt water potable,

The first method of desalination is distillation, in which
the water is boiled and released as vapour, leaving the
salt behind. The vapour is condensed as liquid water and
can then be used. Desalination by distillation is about
10-30% efficient. The process produces large quantities
of waste, salt water (brine), which needs to be disposed
of. This can be a source of pollution, Energy is needed

Step 1

Pumps force
seawaler through
pipes; this uses
enargy.

Figure 4.3 Desalination by reverse osmosis.

| S —

Chapter4: Water and its management

for the distillation, and the provision of this energy may
itself cause pollution. However, the transport of fresh
water from more remote sources also requires energy,
Distillation may be no mare costly than other methods
of providing fresh water unless there are alternative
local sources. Desalination plants using this method are
mainly found in energy-rich countries, such as those of
the Middle East.

The second desalination process is called reverse
osmosis, in which salt water is pumped at high pressure
through very fine membranes (Figure 4.3). Desalination
by reverse osmosis is about 30-50% efficient. As with
distillation, brine is a byproduct of reverse osmosis and
requires disposal. This process also requires energy, but
less than distillation. Most new desalination plants use the
technique of reverse osmosis.

&} Kexazrsma—

Artesian aquifer: an aquifer in which the water is under pressure

Distillation: the purification of a liquid by boiling a solution
50 that the liquid evaporates and can be collected when it
condenses at a lower temperature

Il.warse osmosis: the purification of water by pumping it at
high pressure through a fine membrane

Step 2

The seawater is pumped under

high pressure through H'Iousam:w
of fine membranes to remove salt:
this uses more energy.

e
Clean waler is uced
g il o

and agricultural uses.
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4.5 Availability of safe drinking
water around the world

The most important tactor when considering a country’s

water wealth is the amount of rain it receives. Using this
measure. for example, Brazil and Russia are two of the
ater W{n‘ilthg.-' nations, and the United Arab Emirates

and Kuwait are two of the most water poor,

mostw

However, having plenty of water does not mean that there
is plenty of safe water for everyone. The number of people
needing water has to be considered. In China. which has
the largest population in the world at over 1.3 billion, the
water availability is about 2800 km?, This works about at
3bout 2300 m? person™ year™. In Singapore, which has
only 0.60 km* of water available, the supply is only about
110 m* person™ year™. In these two examples, a water-rich

country seems to have enough water for its people, and
vice versa.

However, anather very water-poor country, Mauritius, has
a water availability of only about 2 km?, but this supplies its
1.3 million population with 1700 m? person year™,

The lack of water may be because of low rainfall and/or
high levels of evaporation: this is referred to as physical
water scarcity. A second reason for a lack of water is

economic. A country may have a lot of water but cannat
afford to extract it, purify it and make it available for the

population. Such as country is suffering from economic
water scarcity.

Even if water is available, it may not be safe to drink
(potable). There are many ways of ensuring that water is
potable but all of them involve two main principles:

» sanitation systems, which ensure that dirty water does
not mix with water intended for human use

= water-treatment processes, which ensure that the water
supplied to people is safe to drink.

Worldwide, however, sanitation and clean water are not
available to everyone. In 2000, the United Nations (UN)
said that its aim was to halve, by 2015, the proportion
of the population without sustainable access to safe

Cambridge IGCSE and O Level Environmental Management
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In some LEDCs, less than a quarter of the Population has
access to safe water, In Europe and North America, it 4
taken for granted that 100% have such access,

Just as access to safe water varies from country to Count
around the world, it also varies within countries_ne
striking contrast is between rural and urban areas.

In many cities and towns, more people have accesstg
both clean water and improved sanitation than in rural
areas in the same country. The main reasons for this
difference are that:

+ there is more wealth and more wealthy people in Cities

« large numbers of people can act together to pressurise
authorities to provide safe water

» itischeaper to install piped water when many people
live close together than in a scattered rural community,

Ata larger scale, differences in the availability of water
can also lead to actual conflict: water wars. Currently
such conflicts are quite restricted in range. There is some
tension over the use of the River Jordan in the Middle East.
There has also been tension around the Aral Sea in Asia,
between Kazakhstan, Uzbekistan, Turkmenistan, Tajikistan
and Kyrgyzstan. However, as populations grow and

Cultures develop, itis believed more areas of such tension,
and even war, may arise.

Physical water scarcity: a situation in which there is simply
not enough water for human needs

Economic water scarcity: asituation inwhich thereis
enough water available but the money does not exist to exract
and /or treat enough of it for human needs

el
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41 Copy and complete the following paragraph about the water cycle.

Liquid water is found on the surface of the Earth in and

tis alsofound inside plants. Water turns from a iquid to a pas, water vapour, in a process called
The water vapour then

toform clouds, Liquid water falls from clouds to the Earthin the process of

-Some of the water is prevented from reaching the ground by plants in the process of
Water that reaches the ground may enter it in

a process called . The rest enters rivers by

4.2 Explainwhy nearly 70% of fresh water on Earth is very difficult for humans to use.

4.3 UsingFigure 4.1, calculate the percentage of the Earth's water that is in lakes. Show your working,

4.4 Explain why desalination plants are common only

4.5 Suggestand explain which of groundwater, surface water or ice caps and glaciers is likely to be the main source
of fresh water for humans,

in oil-rich countries.

4.6 Multipurpose dam projects

The construction of a dam (see Figure 4.4) across a river can
be avery expensive and controversial project, but the benefits ~ » access by boat to otherwise inaccessible areas.
are usually great. In many cases dams are constructed with a

number of aims in mind. A dam may help with:

+ the provision of water

« creation of habitat for wetland species

The disadvantages of dam projects include:
the generation of electricity in hydroelectric power plants + relocating people
- l i
« flood control flooding land
+ irrigation

+ disrupting the life cycles of fish and other aquatic
organisms
tourism and leisure

-

Figure 4.4 The structure of a dam.

-
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altering the water supply for people downstream of

the dam

Fist o il S ¥
LUUCING the enrichmient of <nil downstream of the
13y sk 1 1

dam (which natural flooding of the original river course
would have contributed o)

the Aams - ) ) ;
the dam may become redundant as sediment in the
river sinks to the bottom

WAL

of the reservoir (siltation)

Figure 4.5 A dam and reservoir, The damisin the
foreground of the photo and the reservoir is behind.

H I SELF-ASSESSMENT QUESTION!

4.6 Look at the lists of the advantages and
disadvantages of dam projects given above.
Copy and complete Table 4.1 by adding each
advantage or disadvantage to the correct cell.

————
|

= SRR | | Advantages | Disadvantages |
Environmental

Economic
Social

Table 4.1 Advantages and disadvantages of dam projects.

4.7 Explain how it could be argued that a
multipurpose dam project is unsustainable.

Where to build adam

Deciding where to build a dam requires detailed study of
many factors. It has to be in a river valley and, for economic
reasons, the valley should be quite narrow where the dam
is built, A wider valley would require a more costly, wider
dam. A dam also needs to be quite high up a valley if it is to
be successful at producing hydroelectric power (HEP). The
higher it is, the greater the pressure of water, which means
it will have more potential energy. Dams should be sited
away from developed areas if possible, to reduce the risk
of pollution in the reservoir,

Are dams sustainable?

Dams are often thought of as a permanent solution tg,
electricity generation. However, there are sometimes
problems with their operation in the long term, The
reservoir can become silted due to the material carriag
into it by rivers. The dam structure, which is under a |ot of
pressure, can deteriorate and eventually fail. Dams ¢ap also
have negative effects on the surrounding enuironmmt'
including fish populations. These problems suggest that
dams are not necassarily sustainable solutions.

The opposite view is that dams are a far superior
alternative to the burning of fossil fuels because they
produce electricity without producing greenhouse gases
and pollutants. In this sense, sustainability can be thought

of as a continuum with dams towards one end and fossil
fuels at the other,

4.7 Water-related diseases

Cholera and typhoid

Water provides a very good habitat for many living things.
Because of the presence of plants in water and their ability to
photosynthesise (see Section 9.1), there is plenty of food in
water. Water provides a nutrient-rich environment for bacteria.
Bacteria may enter drinking water from sewa geif sanitationis
poor. If these bacteria are pathogens, and the water in which
they live is drunk untreated, diseases can be spread.

Two major diseases caused by water contaminated with

human faeces are cholera and typhoid. The main features
of these two diseases are shown in Table 4.2.

The crucial element in preventing these diseases being
transmitted within a population is to ensure that sewage
and drinking water do not come into contact with each
other. Therefore, pood sanitation is crucial, with sewage
being removed directly to a treatment works and water
being treated before it is delivered to people to drink.

Attention to good hygiene is crucial, as is the thorough
cooking of food, Contaminated water should not be used 0
wash food, and hands should be washed after contact with
any faecal material. Use of efficient latrines is essential.

If there is any doubt about whether water is safe to drink,
simply boiling it can eliminate most harmful organisms-
Malaria

Like cholera and typhoid, malaria is a water-related
disease, but the similarity ends there. Bacterial
diseases, such as cholera and typhoid, are carrie¢
in water and referred to as water-borne diseases
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Amultipurpose dam on the
ramganga River at Kalagarh, India

n 1961, the construction of a large multipurpose dam

was started at Kalagarh across the Ramganga River,

which is a tributary of the Ganges in Indja. 1y was

completed in 1974 (Figure 4.6).

The dam:

. is127.5m high

. generates 451 million units of Power annually from
three 66 mW power houses

. hasareservoir area of 80 km?

« stores 2447.6 m® of water

« hasacatchment arca made up of 57% forests, 8%
grassland and 30% agricultural lands.

Figure 4.6 A satellite image of the Ramganga Dam,
Uttarakhand, India.

In its construction:

no crop lands were submerged and there was no
flooding of railways or roads

there was no need to relocate any people
4220 hectares of forest and 2500 hectares of
plantations were submerged

the owners of the forests were paid compensation
and there was afforestation of the plantations in an
adjoining area

2 7.5 ha area was landscaped and tourist facilities
were installed.

The dam is in a highly seismic area and a seismological
observatory with the latest equipment was installed.

Since construction:

+  flooding of a large area around the dam can nes
be controlled

wildlife has increased and many species of migratory
birds have been attracted to the reservaoir

*  the reservoir water quality is suitable for aquatic life
and for use in irrigation

+ thousands of hectares of land in the Ramganga fload
plains are now being used successfully for agriculture

+  little treatment is needed to make the water safe
to drink

Delhi receives 5.67 m’ of water per second (cumec)
through concrete pipes.

Over 10 000 jobs were created by the building of the dam,
and 3000 officials and workers are employed in maintenance
of the dam project. The transport infrastructure has been
improved: Kalagarh is now very well connected with
important cities such as Delhi.

In a report in 2014 some local farmers claimed that the
dam was affecting their crops and their fish catches. They
said that the dam gates are opened and closed to suit the
water level in the dam. Their land therefore receives a
variable amount of water from extreme flooding to near
drought. This pattern means they lose crops.

In addition, the annual floods of the Ramganga River used

to bring in fine silt and replenish the fertil ity of the soil,

but now the dam has altered the sediment characteristics
bringing in coarse sand.

Fish have become isolated above the dam and only
get released to the lower river below the dam when

the dam gates are opened. This disruption to their breeding

cycles has led to a decrease in fish size, number and
diversity.

Questions

1 Suggest reasons why the dam took 13 years
to be completed.

2 Explain why:

a  aseismological observatory was built

b the authorities are monitoring sedimentation
behind the dam.
3 To what extent do you a gree that the dam is beneficial

to:

a local people
b India?
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a by a microscopic organism called

' Malaria is water-related because the

the disease to humans requires
Organism is an insect called a
MoLquito, which lays its €EEs in still water, where the
larvae develop, Mosquitoes can Ppass malaria on to
humans, acting as a vector. The relationship between
Mosquitoes, Plasmodium and human beings is best
understood with a life cycle diagram (Figure 4.7).

Malaria OcCcurs in Q7

Organism thay pPasses

Water to breed. This

(out of 193) countries around the
in Africa, Asia and the Americas (Figure 4.8).

Cases of malaria, with about 438 00g deaths. Sub-

Saharan Africa suffered §99 of the malaria cases, with
91% of the deaths,

The symptoms of malaria are fly-|

chills at first. The disease can bef
treated but a much better option
l\:_ KEY TERM: ey
Sewage: waste matter

from domestic (or

ike and include fever and
atal. Malaria can be
is prevention.

that is carried away in sewers or drains
industrial) establishments

Pathogen: an organism, includin
Can cause disease

Vector: an organism that carries a di
organism, such as the mosqu
parasite

g bacteria and viruses, that

sease-producing
ito which carries the malarial

A
Fpias At

(

um

Infective bacteri pathogen)

Time before onset of symptoms  Afew hoursuptos days

after infection

Symptoms ‘ Dgrrhoea and vdr_'niting
| Consequence - ' Can be mild but can lead to dehydrati_c:n
' and death
[ freaimem Rehydration
A vaccine exists

; Occurrence in 2015

Table 4.2 A comparison of typhoid and cholera.

Prevention and control is best achiever] by

ﬂ-a"'ljding bite
i B
from the mosquito.

Individuals can prevent being bitten by mosquitggs

« avoiding being outside belween_ dusk and davin i
countries where malaria mosquitoes are active, the
species of the Anopheles mosquito that transmige
malaria only flies at night

- wearing clothing that covers most of the bq
exposed parts of the body with Mosquito-r
products

dy ang trea
epellent

» sleeping under a mosquito net treated with an
insecticide

+ spraying the inside of accommodation with insecticige

For governments, strategies for malaria control are
focused on controlling the vector. This can be achieyeq by,

* spraying insecticide inside buildings, including houses

draining wetland areas to remove mc-squito-breading Sites

introducing fish, which eat the larvae and Pupae of the
mosquite, into ponds and other bodies of water

pouring oil onto the surface of the water where
mosquitoes breed, which stops the larvae from
breathing and stops the adults from laying eggs.

Eradicating malaria means completely removing the
malarial parasite from the population. Controlling the

vector is not enough, so methods must be sought to
actually destroy the parasite.

G
| Salmonelia typhi or Salmonella paratyphi, |
— | which Causes a less severe illness

| 6-30days
|

' Fever, abdominal pain with a skin rash

|

 Diarrhoea and vomiting are not

Laihiwon.

| 3-5% of infected people remain as
carriers with no symptoms

| ] F158
| funtreated, fatal complications can
Antibiotics

| Avaccine exists

172 454 cases were notified to WHO from | Around 21 million a year with about
| 42 countries, including 1304 deaths

| 161000 deaths worldwide
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52 Ykl

fransmigsion 1o human

Plasmeodium multiplies
by cell division

in mosquite In human

e

Liver cells burst,
multiplies inside Flasmadium released into
mosquito human's blood

transmission to
mosquito
(ingests via bite)

Figure 4.7 The life cycle of malaria.

" 3

@ malaria risk
@ no malaria

-
L

Fi
BUre 4.8 Areas where malaria transmission is a risk.
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WHO now encourages a programme of eradication of

malaria from a|| countries of the world. In the first half of
the 20th centy v, Malaria was eradicated from western
Europe and the USA. The main challenge for the 21st

Century is to achieve eradication in sub-Saharan Africa,
where nearly 30% of al| cases oceur.

L

Unfort unately, there ig

the possibility that malaria is
favoured by global w

arming. Recent studies have shown
thatitis now Occurring in highland regions of Kenya,
Colombia and Ethiopia, where it has not been seen for over
S0 years. However, another recent study using a predictive
approach and taking into account the subtleties of climate
change, which involves more than just arise in temperature,
concluded that few changes in distribution would occur.

In the first 12 years of the 215t century, improvements

in diagnosis, treatment and prevention have led to a
25% decline in incidence in malaria and a 42% decline

in deaths from malaria. However, it is unlikely that these
methods will result in elimination, The mosquito vector
is evolving resistance to insecticides and the parasite is
also becoming resistant to available drugs. Much more
attention needs to be given to people who are infected
by the disease but have no symptoms. It is clear that new
methods for controlling malaria are needed.

Be careful not to confuse malaria with bacterial diseases,

such as cholera and typhoid. Bacteria breed in the water.

Malaria is 3 caused by a parasite, which breeds in an
insect, which breeds in water.

1

) e RS .

|

4.8 Sources, impact and
management of water Pollutigy,

Using water very often results in it then becomip Une
as a result of pollution. Not surprisingly, therefre
three main uses of water are also the three m3;,

v the

Domestic waste

Sewage is waste matter carried away from houses , d
other buildings in both cities and small villages. |t ;5
away in drains called sewers and is then dumpeq or
converted into a form that is less harmful.

Fal
\2nen

Sewage treatment

Sewage is very rich in organic matter and sg microbia|
organisms can thrive in it. Sewage has to be disposeq
of, and this is usually into bodies of water, sg it Must be
treated beforehand.

The main aim of sewage treatment is to redyce the
biological oxygen demand (BOD) of the sewage. The
BOD of sewage is the amount of oxygen it would use yp
if released directly into a river or lake. The removal of this
oxygen from the river or lake would cause problems for
the organisms, such as fish and insect larvae, living in the
water. Further details about these problems are given
below in the section on eutrophication.

The main parts of a sewage treatment works can be seen
inFigure 4.9,

‘activated sludge’ process

6
Sewa 2 3 4 5
Ma]?e screening first settling oxidation pond second settling ;ml.'m
tank tank (aerobic bacteria) tank TR,
—ee e - — :
w 'g-;.- c) . B S - . * - - - - -

| activated siudge
recycled

———» gas (methane)

.| digester
.-} (anaerobic bacteria)

treated sludge

..................

Figure 4.9 The stages in a sewage treatment plant.
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Chapter 41 Water and its management

outfall: waste water from homes, and
A ':{' L% x v :
Sew ii”“ﬂ industry. is taken 1o a sewage treatment
me - J -
2 Lein pipes called sewers,
Worhs

« pither connection to a system of sewer pipes, also
called sewerage, that collects human facces, urine ane

waste water, which is then remaoved from the house
- oening tank: large objects are removed from the « or connection to a septic system, which consists of
CTEs & s
2 "‘::[c water using a coarse grid.
Wwas

an underground, sealed settling tank.
primary treatment, first settling tank: the solid organic

; « Apit latrine with a platform is a dry pit fully covered by a
matter, mainly human waste, is allowed to settle to platform that is fitted with a seat over a hole, or just has a
the bottom of the tank, This settled material is called hole, in the platform. The platform covers the pit without
sudge. which s reated I the sludge-digester (sce exposing the contents, other than through the hole.
step 7). The cleaned water overflows the sides of the Somelin:es these latrines are ventilated to take away smells,
tank and is taken to the next stage. o o |
4 Secondary treatment, oxidation: the water is now * Acomposting toilet is a 3[3; :mle; 1r;t: v::n:g ;:gci;att:]l :
pumped into a tank where oxygen is bubbled through waste, straw, grass, sawdust and ash a
it. This encourages the growth of bacteria and other human waste to produce compost.
microbes, which break down dissolved organic matt er, itericesimerii
et ; Water that s fit for domestic use such as drinking, washing
5 Secondary treatment, second settling tank: the water

. and cooking is called potable water. To make water
now enters the second settling tank, where the bacteria e :

: potable it undergoes coagulation treatment, and is filtered
settle to the bottom, forming more sludge. This cleaner and disinfected
water overflows the sides of the tank as effluent, '

6 Theeffluentis discharged into the envir onment, usually Coagulants make particles in the water stick together

sttuer and settle to the bottom of the container. The water is
ey y ) then filtered through sand. To kill any disease-cau sing
1 i:ddgifi ;’;E::::;':;lgzEt::-';g:nfc’:f:::eﬂ f;?gen'ffie ; organisms (pathogens) that may remain, chlorine is added 101
gethe growtho to the filtered water as a disi s thi i
bacteria which can break down the sludge, releasing ey PR s proesss caleg

chlorination (Fi :
methane, which can be burnt. nation (Figure 4.10)

8 Thetreated sludge can be dried in sludge lagoons and
used as organic fertiliser on farmland.

. 4.8 Typhoid, cholera and malaria are water-related
In some sewage works, te rliary treatment is carried out. diseases. Which of these could be transmitted by
This may involve further filtering of the effluent or its drinki i
nay rinking contaminated water? Explai
chlorination (see below). This produces even cleaner . "

effluent, which may be needed to protect the habitat into 4.9 Al:chfs:l Patrtyfwas told that a man had drunk a
which the effluent is released, glass ofwater from a tap that drew water from

treated sewage. They were told that this water
was potable. To what extent do you think they

were being told the truth?
Effluent: a discharge of liquid waste

Improved sanitation

Animproved sanitation facility is defined as one that
Separates human excreta from contact with humans. This
Canbe achieved using a variety of toilets and latrines.

Chlorination: adding chlorine-based substances to water

* Aflush toilet uses a holding tank for flushing water, and Industrial processes

@Water seal that prevents smells. A pour flush toilet has Industry produces and uses a wide range of chemicals
awater seal but uses water poured by hand for flushing. ~ thatcan be harmful to both humans and the environment.
In either case the waste needs to be removed by: Because of its excellent solvent properties, many of these

chemicals end up in water bodies and cause pollution.

Qutfalls from industry often discharge into rivers and lakes.
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®
sedimentation causes
clumped particles to distribution
settle out
Figure 4.10 The stages in the treatment of water to produce potable water.
m Gases from industrial chimneys enter the atmosphere, Acid rain
where they dissolve in water and form acid rain. The In the mid-19th century it was noticed that, in some
i P . .
bodies of living things are at least 75% water and so these industrial countries, forests downwind of industrial
water-soluble pollutants can easily enter organisms and sites showed signs of da mage. In 1872, Robert

Smith showed that acid water could damage plants
and various materials. By the 1970s, acid rain was
recognised as a serious problem. The water in akes

cause problems.

Toxic compounds from industry

Many industrial processes use and produce a variety of and rivers was more acidic than previously. Fish

poisonous (toxic) substances. Some of these may enter the lakes and rivers were dying. The leaves and sma!

bodies of water and cause immediate harm and even branches of trees in many forests of the world were
dead (dieback) (Figure 4.11).

death to the organisms living there. In other cases, a less
dramatic effect is seen. This may be because, although
the substance is toxic, it only enters the water in very
small amounts. However, because of a process called
biomagnification, such substances may achieve levels

where they become toxic.

The most well-known examples of biomagnification are
heavy metals and some pesticides.

Many industrial processes involve the use of heavy metals
cuch as lead, mercury and cadmium. These metals

are toxic and can be stored in the bodies of plants and
animals, including humans. This means they may build up

to high levels, which can cause illness.

Figure 4.11 Dieback in coniferous trees.

|
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magnification: the process in which the concentration of
muh*-l-"“‘ ¢ in living things becomes higher at progressively
:.;:hl" jevels in a food chain of web

umumﬂlﬂhn: the build-up of a substance in the body of
a lving thing,

pieback: the death of a tree or shrub that starts at the tipof
its leaves of roots and spreads towards the centre of the plant,
caused by unfavourable environmental conditions or disease

Wwhat causes acid rain?

The pH of water is a2 measure of how acid or alkaline it is
Figure 4.12). ApH of less than T is acid, 7 is neutral, and
above Tis alkaline. The pH range is from very acid (0)to
very alkaline (14). Rain usually has a pH of between 5 and
6,50 is always slightly acidic. Acid rain has a pH lower than
this: values as low as 2 have been recorded, which

batery acid

2 - lemon juice
increasing 3- vinegar —— acid
adult fish die rain
’ 4= —————— fish reproduction
5 p— Haﬂected
normal range
BE milk |__|precipitation
neutral 5 : normal range
of stream water
8 [[_] baing soda. sea water
M=
- 10 milk of magnesia
rocasng () e
alalinty 11

ammania
. L
14-

Figure 4.12 The pH scale,

l N |

with some everyday examples.

When fose| fuels, such as coal and oil, are burned, the

Eases sulfur dioride (50,) and oxides of nitrogen (NO,)

" pruduced. They enter the atmosphere and can be

Blown long distances, These pases react with water in the
émosphere to form acids.

30, dissolves in water in clouds, producing sulfuric acid,
::d NO, produces nitric acid (Figure 4.13). When it rains,

€ acids fall to the ground (see Section 7.2).

he gases can be blown from one country to another,
' #ample many coniferous forests in Scandinavia are

-

Chapter4: Water and its management

thought to have been damaged by acid rain gases fram
northern Eurape in the 19605 and 1970s.

The impact of acid rain on aquatic ecosystems

When water in a river or lake is acidified, the lower pH
makes itintolerable to organisms, Fish egg-laying is often
reduced and young fish are malformed. Acid rain can also
lead to leaching of heavy metals, such as aluminium,
lead and mercury, from the sail into the water. This leads
to further harmful effects. Aluminium, for example, clogs
fish gills and can cause suffocation. Another effect is

that some minerals essential for life, notably calcium

and potassium, are washed out of the lake or river. This
reduces algal growth, leaving less food for fish and other
animals. The direct and indirect effects of acid rain and

run-off of heavy metals from surrounding soils affect the
whole ecosystem,

is about
the same as battery acid.

Leaching: the movement of a soluble chemical or mineral
away from soil, usually caused by the action of rainwater

Reducing acid rain

A reduction in the production of acid rain-causing gases

is achieved when substitutes for fossil fuels are found to
produce energy.

To reduce SO, emissions, low-sulfur varieties of fossil
fuel should be used. Any sulfur still in the emissions can
be removed by scrubbers. There are various forms of
scrubber but for all of them, once the sulfur has been
removed, the waste then has to be disposed of safely.

NO, emissions can be reduced by burning with a cooler
flame or adjusting the air to fuel ratio.

Clean air acts have been passed to encourage power
plants and others to employ some or all of these methods
so that they stay within permitted emission levels,

Agriculture

Modern agriculture makes use of many chemicals called
agrochemicals (see Section 3.4). These include pesticides,
herbicides and fertilisers. All of these are water-soluble

and can cause pollution in water bodies, with a variety of
consequences for humans and the environment.

Eutrophication

Nutrients such as nitrate and phosphate can enter
water from many sources, including farmland, ind ustry

Scanned with CamScanner

Scanned with CamScanner




Cambridge IGCSE and O Level Environmental Management

moemen]
5 of poliutants

‘(:-

Figure 4.13 How acid rain is formed.

and domestic outputs. In addition, organic matter can
enter water directly as sewage and from other sources

(Figure 4.14).
Any increase in nutrients, such as nitrates and
phosphates, in a river or lake will cause a rapid growth of
algae. This is called an algal bloom. When the algae die
there is an increase in organic matter in the water. This
acts as food for bacteria as they decompose the dead
algae. These bacteria use up oxygen, lowering its level in
the water. Most living things rely on oxygen, so this can
lead to the death of other organisms in the water. See
Figure 4.15 for a summary of this process, which is called

eutrophication.

pollutants in cloud water

natural sources

EY TERM®

Algae: plant-like, photosynthetic organisms that lack i@
stems, roots and leaves

Algal bloom: the rapid growth of algae in water, causéd
particularly by a surge of nutrients

Organic: derived from living organisms A
Eutrophication: a sequence events starting with enﬂthﬁ;l
of water by mineral nutrients or organic matter that |eads :
areduction in oxygen levels in the water and the de3t®
and other animals
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organic matter from sewage,
<—— manure, paper waste and
many other sources

Figure 4,15 flowchart showing how eutrophication occurs.
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Figure 4.14 The sources of excess organic matter and minerals in water.

Chapter 4: Water and Its management

A r

natural run-oi
(nitrates and phosphates)

w - -

i -

s

ammania) \E.

-------------

Pesticide and herbicide pollution

Peslicides are desipned to kill living things, but not humans,
However, because human physiology has much in common
with other living organisms, it is not surprising that pesticides
can have nepative effects on humans. Insecticides, a

class of pesticide produced to kill insects, will kill both the
target species (the pest) and non-target species, which
worryingly can include the natural enemies of the pests.
Pesticides are generally water-soluble, so water pollution

by these agrochemicals is a major concern, The impact of
agrochemicals is covered in more detail in Section 3.4,

Pollution control and legislation

Governments around the world have been tac klinp
pollution by legislation. Industries in participating,
countries are required to monitor the pollution they cause
and keep itwithin set levels, The legislation puts pressure
on the polluters to find ways to reduce the pollutants.

An example of this approach s the bi-national Great
Lakes water quality agreement (GLWOA) which was
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devised in 197>
at 11000 m

resps

Aloading limit of phosphorus was set
CINC tonnes year ' or 1 mg dm . This was in
ONSe 1o eutrophication issues in the Great Lakes of

USA and Canada

Such legislation yses various tools to make sure companies
follow the rules. There can be fines for exceeding set limits.
Companies may be prosecuted and. in extreme cases,
forced to close down. Companies might need government
agreement on strategic plans to reduce pollutions levels.

Incentives can also be used to encourage companies to

take part, such as grants or tax relief for those that do
achieve a reduction in pollution.

The effect of mineral conce ntration on plant growth

Itis easy to look at the effects of increasing mineral
concentration on the growth of plants using a floating pond
weed such as duckweed. You would need to set up a range

of solutions containing increasing amounts of minerals and
follow the growth of the plants.

Materials

= Pond weed, such as duckweed
* Houseplant food

+ Petridishes or glass bowls

- Beakers

= Forceps or brush to handle duckweed
Method

» Make a range of solutions, each with a different

concentration, of houseplant food from dilute to strong,

You could use 100%, 75%, 50% and 25% of plant food.

+  Pour each of your solutions into a Petri dish or glass
bowl.

» Place the same number of duckweed plants onto the
surface of each solution and count them (Figure 4.16),

= Place the dish with plantsin a well lit place

« Count the number of plants at regular intervals over 2
few days

nt
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e
. ASSESSMENT QUESTIONS

4.10 Explain why countries nged Fu work tg
solve the problem of acid rain. Giye EXaMpla
your answer. ~Sin

4.11 Explain why it would not be a poog idea tq ue
water from ponds or small lakes in Preferg, 5
water harvested from a roof. TRl

4,12 Drugs, vector eradication, improved hi
clean water supply and chlorination are
of dealing with water-related diseases.
which would be most suitable for cont

Itatig,
all ;
State
rollin

malaria, cholera and typhoid. Explain your
answers.

duckweed
plant

houseplant
food solution

Figure 4.16 Duckweed plants in a Petri dish.

Questions
1 Plot graphs to show your data, including graphs of the
number of plants plotted against time in days for Eac“‘
concentration of solution and a graph of the number
plants at the end of the experiment plotted against the
concentration of the solution, ;
2 Calculate the doubling time of the number of duckwe#d
plants at each concentration of solution.
_ hof
3 Write a conclusion about the effect of the strcvznglﬂhc
houseplant food solution on the duckweed growt
) ion
4 Suggest what the implication of this effect of solu!
concentration might be on a pond.

A‘
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Chapter 4: Water and its management

e completing this chapter, you should know:

» howtodescribe the water cycle » theimpact of water pollution on people and the
. thedistribution of water around the world environment
s thedifferent uses of water = strategies for improving water quantity and quality
¢ sources of water = strategies for the control and eradication of malaria
« theimpact of multipurpose dam projects and cholera
s the causes of water pollution = about water pollution in Haiti.
End-of-chapter questions
1 Copyand complete the passage.
:rl'u_e Earthhasabout L4 billion ................. of water. The majority of this (about 97%)
isinthe..............Therestiscalled ..................andis found in rocks, where
iscalled ... frozenin. e 20 e and as
ceeeeneene iNFiVErs, lakes and swamps. [7 marks]
2 Listfour purposes of a multipurpose dam project. [4 marks]
3 Copyand complete the passage.
Both typhoid and cholera are water-related diseases and both are caused
BY -..covioeeeeeo. . Malaria, however, although water-related is caused
by.....cccesennn. Both cholera and typhoid have symptoms of .............. and
..but............alsocausesaskinrashand.. ... ... ...
Some diseases can be prevented by vaccination but of malaria, cholera and
typhoidonly ................and ................ have vaccines available, Of the three
water-related diseases, .................. Cuses the most deaths worldwide, [8 marks)
4  Explain the difference between primary and secondary treatmentin a
sewage works. [3 marks)
5 State precisely what causes the reduction in oxygen levels in the water of a
eutrophic lake. [4 marks]
L 6 Figure 4.17 shows several sources of water pollution.
9
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[ Figure 4.17 Sources of water pollution.

| Using Figure 4,17 and your own knowledge answer the following questions,
| a  Describe how the effluent at D differs from that at E. [2 marks)
| b Describe how the sewage treatment plant achieves this difference. [5 marks)
| ¢ State the name of two gases, produced by the factory, which may lead to
| die-back damage of trees, [2 marks]
| d  Explain why the trees in the forest close to the factory may be less
affected by die-back than trees in a distant forest. [2 marks)
/ e Suggest the effects that the run-off from the field may have on the
ecosystem of the river estuary. [T marks]
L =
_‘
-
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EXTEHMDED CASE STUDY

The cholera outbreak in Haiti, October 2010

Haiti was hit bya dﬂ."‘““”"?ﬂ carthquake of magnitude 70 a1 16:53 local time, on 12 lnmm}ry .’i‘l::'l 'III i
epicentre was 25 km west of the capital, Port-an-Prince. The number killed is estimated to I'.w'l‘n rae
petween 100 000 and 160 000 (government figures state even more bt there are coneerns that th
fignres are inflated).

At the time of the earthquake, the sanitation in Haiti was v ery ponr, Only 71% of the population el
access to improved water and 24% 1o improved sanitation,

Despite this, there had not been a case of cholera in Haiti for neatly a century prior to the earthouake,

within 10 months of the carthquake, however, a cholera outbreak lad begun, This spread quickly to the
whaole country over only 4 weeks.

By August 2015, over 700 000 cases, and about 9000 deaths, had been reported.
Several suggestions were made about the origins of the bacteria that had caused the outbreak.

Help was provided by many nations. This included a group of UN aid workers flown In from Nepal, ‘Their
military base in Haiti was on a tributary of the Artibonite River (Figure 4.18),

It was discovered that sewage had leaked from the military base camp into the Artibonite River, Maost of
the affected people in the original outbreak had drunk from the river. ‘The bacterial strain responsible for
the outbreak was identified as one closely related to a Nepalese strain,

Several strategies were used to try and control the cholera. These included:
« installation of latrines

« thorough cooking of food
+  education about hand washing,
By 2014 the number of cases had been significantly reduced to only about

However, every rainy season leads to an increase in the number of cases,
cases also rose dramatically in the last few months of 2014 (Figure 4.19),

10% of the peak in 2011,
Disappointingly, the number of

-

e —
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Figure 4.18 A world map showing where cholera has occurred in the recent past. Also shown is where
some aid workers travelled from to help in the cholera outbreak of 2010 in Haiti. The picture shows the

Artibonite River, the source of the Haitian outbreak.
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Figure 4.1% New cholera cases in Haiti every month from Jany ary 2012 to August 2015,
This is thought to have been caused by:

+ heavy, late rainfall
] « continued inadequate sanitation

+  anassumption that the disease was now under control,
1
Questions

1 a2 lthasbeen suggested that some aj

d workers, carrying the infection,
Explain why this suggestion has

been made.
It was also suggested that the cholera bacteria might have come from a source in South America.
Using Figure 4.18 suggest how the cholera bacteria might have reached Haiti from a source in
South America,

caused the cholera outbreak.
3 b

Describe how strategies used to control the outbreak could r

3 From Figure 4.19 state the month and maximum number of cases in 2012,
b From Figure 4.19 state the month and maximum number of cases in 2014,

4 Calculate the percentage reduction in cholera cases from the peak in 2012 to the lowest number in
2014.

educe the numbers of people infected.

Describe the pattern of cholera cases recorded in 2015.

6 In 2012 rainfall peaked in Ma

y and in November. How does this explain the pattern of cholera cases
in that year?

To what extent do you agree with the stateme

nt that "Haiti has managed to control the cholera
outbreak which began in 2010'2
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Chapter5
Oceans and fisheries

Learning outcomes

By the end of this chapter, you will be able to:

describe the resources we obtain from the oceans A
u describe the distribution of marine fisheries
m describe the ocean currents of the world
e explain the effects of the El Nifio Southern Oscillation {
= describe how fishing has affected fish populations and fisheries

explain the relationship between farming marine species and the fishing industry
= consider the ways in which fisheries can be managed successfully.
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The pountiful oceans

29% of the sur face ql the Earthis actualhfr la.nd. |

! tlhE oceans Covering .”%' The vast majority of this
arlé ever, remains relatively unknown. Only about

' hfc:;:e oc;an is over the continental shelf, where the

- relatively shallow. The remaining 90% of the ocean

e Iim abyss. Not only are these deep regions almost
# mf_risible to access, they are also very unproductive,
i 2;50% of the biologilcal produ::tiuitgl.- of the oceans
occursin the 10% that is over thel continental shelves, and
g5% of all comm ercially caught fish are found here too. 50,
Jespite its vast size, its depth and low productivity mean
the ocean is 2 relatively minor source of food for humans,
Land-based agricultural production stands at over 6 billion
tonnes whereas the total food obtained from the ocean is
i only about 30 million tonnes. H_c-wever. most of the food
harvested from the ocean is animal-based and so rich in
proteins, fats and oils, which are much needed by those
iving at subsistence level.

The ocean has appeared so vast to humans in the past
that we have tended to assume we can have no effect on
either it or its ecosystems, However, it is now becoming
clear that fish stocks are declining because of over-fi shing,
and pollution, by such things as oil, mercury and rubbish,

5.1 The resource potential
of the oceans

Oceans supply food and chemicals, including building
materials, as well as providing an important route for

the transport of goods, especially bulky ones, around
thewaorld. The ceaseless motion of the sea, in the form

of wind-generated waves and the tides caused by the
Moon and Sun, provide a largely untapped source of
energy. The edge of the sea has always been attractive
tohumans and this, and increasin gly the open ocean, is
asource of tourism opportunities. Finally, in a world ever
thirsty for safe water to drin k, the oceans' vast reserves are
Increasingly being used for this purpose.

Food

By far the most important resource that humans obtain
*om the oceans is fish. This term can be used to include
true fish, or finfish, but also shellfish and other animals that

Chapter 5: Oceans and fisheries

is becoming a huge problem, even in the open ocean, For
example, over 250 000 tonnes of waste plastic are currently
circulating in five huge acean regions known as gyres. It is
estimated that an ambitious plan to clean this plastic up
will take nearly 50 years, but it will achieve nothing if we
carry on dumping plastic,

The message is clear, the ocean is a very important part of
life on Earth. It probably still has much to offer us but our
use of it needs to be better managed in the future than it
has been in the past.

Figure 5.0 Trawler fishing off the coast of The Netherlands.

live in the sea and can be eaten. World fishery yields are
about 90 million tonnes year™, with over 80 million tonnes
of that coming from the sea. The main fisheries are located
on the continental shelves. This is because the wateris
shallow there, so light can penetrate and there is more
oxygen than further down. In addition, nutrients from the
land are abundant on the shelf. All these features make the

continental shelf a good place for the growth of plants and
therefore the fish that depend on them,

Chemicals and building materials

As oceans cover 71% of the world's surface and 3.5% of
seawater is made up of dissolved substances, it is hardly
surprising that these water bodies are an enormous
potential resource of chemicals. Compounds containing
more than 60 chemical elements are dissolved in seawater.

Many materials in the oceans have been eroded from
the land, where rain and wind break down rocks. These
particles and dissolved substances are carried into the
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In coastal sites such as th
lagoons are made from sand. The sea is allowed in through
2 gap which is the

n blocked. The seawater is then left to
€vaporate over many weeks in the h

sea salt that can be collected.

€ one shown in Figure 5.1,

ot sun, leaving behind

The ocean floor is mined for many substances, diamonds,
for example, are found in Ereater numbers on the acean
floor than on land. However, it is much harder to mine the

ocean floor because it has to be dredged and then the
sediment sifted.

Sand, gravel and crushed rock are mined for the
construction industry, including hou sing and road
building. Care must be taken with their removal, however,
because physical damage can be caused to the seabed
and associated habitats. In addition, fine particle clouds
are produced that then resettle, and these interfere with

photosynthesis and act as a source of heavy metals that
can enter food chains,

As the mining of land depletes the sources of minerals
there, mining the ocean floor will increase.

One of the most well-known chemicals deriya from the
<pa is oil. Offshore drilling has become commonp|,, Wit
thousands of drilling rigs scattered ""0‘".“'. the .r}.r_.r_n 508
the world. The world's largest F}”s}jﬁm mlhelld, in the Gulp
of Mexico, has nearly 4000 active rigs. There is meq aboy
this in Section 2.5,

Wave and tidal energy

There is an enormous amount of energy in the waye. that
break on the shores all around the world, It is estimateq
that if this energy could be harvested it would be to twice
the present world energy production, as much as that
provided by 2000 large power stations. However, it s not
easy to harness this energy; a number of devices haye
been trialled but only a few are in regular use, Examples
include the Islay LIMPET (land-installed marine POwered
energy transformer) on the west coast of Scotla nd, and the
Agucadoura Wave Farm off northern Porty gal. The latter is
sadly non-operational at the moment but when it yag inuse
generated 2.25 megawatts of power (2.25 MW) and wasthe
biggest wave farm in the world. The Islay LIMPET prodyces
0.25 MW. The technology s still very much in

its infancy byt
could become important in the future as fos

sil fuels run gyt
There has been a little more success with tidal power.
Because of the varying gravitational pull of the Sun ang
Moon, water in the sea moves up and down on a twice-
daily basis. This causes it to come onto land and then
later recede, and this movem ent can be harnessed to
generate electricity. The first such power station was built
at Strangford Loch in Northern Ireland, generating 1.2 Mw
of power. This has now been dwarfed by the Sihwa Lake
Tidal Power Station in South Korea, the largest in the
world generating 254 MW, and another at Rance in France,
the second largest gen erating 240 MW, There are many
Proposed projects. At Penzhin Bay in North East Russia,
the Penzhin Tidal Power Plant Project is a proposal that

could generate up to 87 100 MW because of the 9 m tidal
range in the bay.

Tourism

The seaside has been a major tourist attraction for

centuries. The Romans enjoyed sea, sun and sandin
Baiae when in Rome and on

Mersae when in England,
over 2000 years ago, Today, with the advent of cheap
foreign travel by air,

People in the more economically .
developed countries {MEDCs) of the world are attracted!

marine sites of great natyra| beauty, especially coral ref:?
Around the Caribbean, the Red Sea, the Indian Ocean |
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Bulk Cartipre

Containes ships
‘im‘tl\crg

Reh g

Roll-on /ol
Coastal tr

Ferries

Cruise
Qcean
Table s,
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The transport of fluids, especially oil and petroleum products, liquefied petrgle
k ietable ails and wir
liquefied natural gas. Also used for the transport of vegetah " =

rated ships
oft ships
ading vessels

ships

- Used for pleasure voyages where the facilities on the ship are
liner Used to transport people from one port to another
ip.

1Types of merchant sh

5.1

5.2

Explain the difference between wave and tidal
energy.
Figure 5.4 shows a wave-driven power

station. Explain how it can generate
electricity 24 h day.

- 4

Figure 5.4 A wave-driven power station,

Contrast the ways in which water in a sewage-
polluted lake and water from the sea are
unsafe to drink.

The transport of loods such as rice and wheat

The entire load is carried in lorry-sized cont ainers, this is known as f.ﬂlﬂh'llﬂi_'rl.',mirm

urm P.‘-i‘. :]._!1

The transport of perishable items such as vegetables, fruits, fish and dairy products,

. The transport of vehicles, together with their loads, that can be driven on and of the shin
Used for trade between places that are close together, especially in island Broups
Used mainly for the movement of loot passengers, sometimes
between islands or between a mainland and islands

with their cars, mainly

acrucial part of the trip

5.2 World fisheries

As mentioned, over 30 million tonnes of fish (in the wigee
sense of the word) are harvested every year. Fish are iz 5
important as a source of protein for people, but are especialy
important in some countries of the world such as Japan.In
order to understand where large numbers of fish can befound

you need to study ocean currents and the food webs of thesea

Major ocean currents

Currents, or strictly speaking surface currents, are caysed
mainly by wind. At any particular place in the world the nature
of the prevailing wind can be described. This refers tothe
direction in which the wind most commonly blows at that
place. Surface currents are ultimately caused by these winds
However, the final direction depends very much on theshage
of the land around the ocean at any particular point.

Figure 5.5 shows the main prevailing winds around the
world and the world’s currents.

Commerrr———

Surface currents: movement of the surface water of thes22® |
a constant direction

Prevailing wind: the direction from which the wind neay
always blows in a particular area

The currents in the Southern Hemisphere are generally
anticlockwise as the winds blow from the south-east n
and force the western Australian, Benguela and Per“w:
currents northwards, An important aspect of acure”
iswhetherit is warm or cold. Looking at the m3P ofm[
currents you will notice that cold currents come rc; eet™
North or South Pole, whereas the warm currents cuatﬂ‘*
from the tropics or flow along either side of the€d

d
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Chapter 5: Oceans and fisheries

Figure 5.5 The (a) prevailing winds and (b) currents of the world.

Fmdmg the fish by a depth of only 200 m. This 200 m deep zone is called

Fish are animals and so cannot make their own food. the euphotic zone. Below this photosynthesis will not

Herbivorous fish rely on the primary producers of happen. This is one reason why fish are found where

the sea, which are nearly always green algae called the water is shallower. Shallow water is found over the

Phytoplankton. Carnivorous fish eat the herbivorous continental shelves, which are usually no more than

ones or other carnivores. They are part of a food 150 m below sea level (Figure 5.6). Major fisheries are

web, starting with phytoplankton (see Section 9.1). also found on these continental shelves (Figure 5.7).

50, fish are found where conditions are good for M

Phytoplankton,

Ph?rtopiankton make their own food by photosynthesis. | Phytopla y nkton: small Wr,l_i'smsln lhesga_ﬂ\gt can make |

;:'"iepmcess requires light, water and carbon dioxide. : mmmm e L e
ateris obviously available everywhere in the oceans Limiting : ; affect a process

and carbon dioxide easily dissolves in water from the k ﬂ;eoneﬂ';m m :;-irrsﬂmmlmaﬁecta :

:tmﬂsphere. Light is therefore likely to be the limiting " Euphotic zone: the top 200 m or 50 of seawater throveh wi
:Z‘“" for photosynthesis. Water absorbs light energy ~ lightcan penetrate and in which photosynthesis can | '
NdMost ocean water has absorbed all of the sunlight I ; Ml (e Y e ¥
h——
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continental slope

Figure 5.6 The continental shelf,
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Figure 5.7 The distribution of (a) continental shelves and (b) major ocean fisheries,
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Chapter 5: Oceans and fisheries

1 notice that there are some areas where there
fcu;mmem al shelves but no significant fisheries, In
a:diticf‘ to light, carbon dioxide and water, which allows
fﬁe ohytoplankton 10 make carbohydrates such ag sugars,

its effect on phytoplankton growth, this area supports very
large fish populations, mainly of the small herring-like fish,
the anchoveta (Engraulis ringens).

rey lso need mineral nutrients to make proteins, Making Atits peak.l this single ﬁsherylyselded in excess of 12 million
they ; cce of nitroge disils : tonnes of fish, However, the fishery suffered an enormous
roteins requires @ source o gen and sulfur, Nucleic ¢ ,

P : h es of living thi . collapse in the early 1970s. Part of the reason for this

«igs, which form the genes ot living things, also require , ; ! ’

o he preen pigment chloroph S was over-fishing, which meant that the fish were being
phosphorus. The green pig S A ht before they could breed, although thi h
4 lack of these mineral nutrients, even where there is only probllem_ Figure 5.9 shows fluctuations in Peruvian
plenty of light, water and carbon dioxide, will reduce the anchovy fishery between 1950 and 2000.

growth of phytoplankton. This in turn prevents there being
very many fish. The most important fisheries of the world
arewhere the current system stirs up decaying material
from the seabed. This material is rich in mineral nutrients,

The upwelling described above is disturbed
approximately once every 10-15 years by an event called
the El Nifio Southern Oscillation, also called the ENSO
or just the El Nifio. It is not fully understood why this

one of the most famous, and also the largest, fishery in the change in lh_e pattern of currents in this region occurs.
world is the Peruvian anchovy fishery off the west coast HOWEVE_r. itis known that there is a change to the normal
of South America. Here, cold water is forced upwards near U 20¢ Winds. El Nifio leads to warm, nutrient-poor water
the coast of Peru, leading to nutrient-rich surface water in coming into the region from the equator. The effect

this area, this is called upwelling (Figure 5.8). Because of of this is to stop the upwelling of the cold, nutrient-

rich water that supports the anchovy fish ery. A lack of

Andes

cold current

| o diae

——

Figure s g The basis of the Peruvian anchovy fishery.
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:wtnoms‘ means the phytoplankton do not grow well,
SO there is less food for the fish. The El Nifio of 1972 was
l‘i NN 1

!k'ﬂ 'V large one and, combined with oy er-fishing, led to
the collapse seen in Figure 5.9,
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Figure 5.9 Yields of the Peruyian anchovy fishery,

weak, non existent or reversed wind

no upwelling

| _—

Figure 5.10 The Peruvian coast in an El Nifio year.
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In the 1970s, and still today, much of the production gf
the anchovy fishery was used for fishmeal. Thig '|:|~5|r-|r1--“&,,a||
is used to feed farmed fish, and so countries where this
is an important industry, such as the UK, are affecteqg
by a crash in the anchovy fishery. Compare Figure

5.10, showing the coast of Peru in an El Nifo year, with
Figure 5.8,

T

P ——— = —

X l‘:_ l. 1 .1-1. B

Upwelling: areas where minerals at the ocean floor are
brought to the surface by currents

Over-fishing: when the number of fish that is cay
than the rate at which the fish reproduce, leading
numbers in an area

El Nifio Southern Oscillation (ENSOQ): the changeinthe
prevailing winds that leads to a change in the pattern of
currents in the oceans of the south Pacific

ghtis Ereater
toafallinfigy

poor in mineral
nutrients and
oxygen few
phytoplankton
and fish

- |

Scanned with CamScanner

Scanned with CamScanner



5.4

5.5

Figure 5.11 Ocean fisheries and currents.

5.3 Exploitation of the oceans:
Impact on fisheries

Over-fishing of marine fish species

The global fish catch grew every year from 1950 until the

late 1980s. Since then there have been fluctuations but no
trend of growth (Figure 5.12).

Catch / millions

Figure 5.12 The change in total marine fish catches
between 1950 and 2010.

100

T

state three reasons why most of the major
ficheries in the world are found on continental
shelves.

Explain why the reversal of ocean currents in an

Fl Nifio year causes a reduction in the catch from
the Peruvian anchovy fishery,

5.6 Lookat Figure 5.11.

a Copy and complete the key.

b Use the information in Figure 5.11 to explain
why there is a large fishery at A and another

0 L}

T

1850 1860 1970 1880 1990 2000 2010

Chapter 5: Oceans and fisheries

This lack of growth is probably explained, at least partially,
by over-fishing. At least 75% of the warld's marine fisheries
are threatened. The main reason for fishing used to be
economic gain. This model leads to a fishery in which the
number of fish caught is based on how many are available.
Sustainable fishing involves monitoring how many fish are

left in order to provide for the next generation of fishers
and their customers,

The yield from world fisheries has only remained constant
because it has been possible to switch to new species.
Alook at some of the major food providers of the past
provides strong evidence for over-fishing. One of the
best examples is the fate of the North Atlantic herring. It
is estimated that, during the 19505, 3000 million herring
year™' were caught and brought to ports in the UK. The
stock of fish at that time is estimated to have been about
2 million tonnes. Fishing based on how many fish are
available led to an increase in the size and power of the
fishing boats. By the early 1970s, hardly any herring were
left, the stock being less than 100 000 tonnes.

The symptoms of severe over-fishing are a reduced catch
atthe same time as an increased fishing effort. Another

symptomis that the size of fish caught gets progressively
smaller (Figure 5.13).

maturation
7 years

Figure 5.13 The decline in size of cod caught. Between the

1930s and the 2000s the average cod became 12 ¢cm shorter
and weighed nearly 2 kg less.

The target species is not the only casualty of over-fishing.
Wherever fish are caught commercially, the wrong species,

the wrong sex or individuals that are too small are also
caught. These non-target individuals are referred to as
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Figure 5.14 Some of the many types of nets used around the world to catch fish.
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chellfish has also been practised for hundreds of Voars
and can be avery important source of both income and
food. With mussels, strings are hung from a raft and

the mussels then grow on the strings, Yields as high
250 tonnes hectare™ have been achieved. )

garming marine fish (mariculture) is generally much more
difficult than farming fresh-water species and has not
been enormously successful so far. One issue is that the
species we prefer to eat are carnivorous fish. This means
they are at the top of food chains and require a range of
other species on which to feed. Furthermore, the food
preferences of the young fish change as they get older,

Cobia (Rachycentron canadum) is one of the best
candidates so far for warm-water aquaculture. It has a

rapid growth rate and its high-quality meat achieves a
good price.

Mariculture is carried out in the USA, Mexico and Panama
aswell as parts of Asia. Asia has the largest open-water fish
farms in the world. However, the single largest such farm

is found off the coast of Panama, using cobia. In 2013 the
US Food and Agriculture Organization website re ported
43395 tonnes of cobia being cultured around the world.

5.7 Figure 5.9 shows trends in the catches of
anchoveta, or Peruvian anchovy, in the second
half of the 20th century. There were strong El Nifio
events in 1957-58, 1965-66, 1972-73, 1982-83,
1986-87, 1987-88. Suggest explanations for the
trends from:

a 1950 until 1972
b 1973 until 1985
¢ 1986 until 1957

5.8 Give three reasons why some scientists think itis
unlikely that mariculture will allow a significant
reduction in over-fishing of wild stocks in the
foreseeable future.

5.9 Suggest some advantages of mariculture
compared with harvesting wild fish populations.
Use the following headings:

a the environment
b fishers

C consumers,

Chapter 5: Oceans and fisheries

Other marine fish being harvested include threadfin
(Palydactyfis sexfilis) and bigeye tuna (Thunnus obesus) The
most productive form of mariculture is salmon farming,
although the fish is only marine for part of its life. The biggest
salmon fish farms are found in Chile, Norway, Scatland,
Canada and the Faroe islands. By 199 the production

of farmed salmon exceeded that of wild caught fish, This
apparent success is not without its problems, howeser, Thera
are a number of concerns surrounding the farming of salmon.
Farmed fish are much more susceptible to diseases and
parasites than wild fish. Wastes from the cages in which the
fish are kept can pollute the envirgnment, and fish escaping
from a farm can cause problems in the local environment
(see the Extended Case Study at the end of this chapter).

5.4 Strategies for managing the
harvesting of marine species

Every country with a coastline has a zone of 200 nautical
miles around it designated by the United Nations (UN)
Convention on the Law of the Sea as the economic
exclusion zone. Inside this zone the country responsible
must attempt to manage its fisheries so that they are
sustainable. A variety of strategies exist to do this.

5.10 Figure 5.15 shows the status of world fisheries.
Suggest what percentage of world fisheries could
be described as unsustainable and explain your

answer.
Key
[] overtished
/

D recovering fishery
[[] depleted fishery |
[] under-fished

[T moderately fished

Figure 5.15 The status of the world fisheries.
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Minimum 40 mm square-mesh cod end (the closed end of
the net) or a diamond-mesh size of
used for all trawling activities ex ploiting demersal (bottom.-
ME! 1SN and shellfish. A diamond-shaped mesh catches

fish more easily and for this reason a square mesh panel is
often included in an otherwise diamond net (Figure 5.16).
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Figure 5.16 A square-mesh panelin an otherwise diamond-

mesh net allows the escape of smaller fish,

Other methods of fishing

Where using nets is not a viable option, more targeted
methods can be used. A good example of this comes
from the tuna fisheries. Many fishers use fish aggregation
devices (or FADs) for these species, which includes using
alog suspended below the surface of the sea from 2
buoy. This attracts the tuna together with other species,

including tuna predators. Once a good aggregation of fish

has collected, they are gathered upin a giant net, This
will take all the other species and younger tuna fish with
it, leading to a large bycatch. A solution is to use the pole

and line method for catching the tuna. Done properly, this

method is highly selective with very little or_ "O_b*ftatch,
For those conscious about the bycatch, which includes
dolphins, in the tuna industry, CE‘\‘“"'EffJ tUﬂEll that clearly
states that it is from a pole and line fishery is now dvailahle.

Quotas )

Many fisheries scientists and others behe?ve that the
imposition of quotas is one of the most important ways
in which fisheries can be managed. Legislators, usually
governments but sometimes multinational organisations
(such as the European Union), set limits on how many and
what type of fish may be caught. Fisheries research Scientists
use a wealth of information gathered from networks across
the world to help the legislators set sensible limits. if they
getitright, enough fish should be left to reproduce and
replenish the fishery for the following season. A 2008 study
showed that a fishery managed with a quota system is half

as likely to fail as one that is un managed.

liék‘éf-_f-_-_-'.__'__-_;_._.._ =2 J——-«ﬂ

Economic exclusion zone: the zone around a country’s
coastline that is under the control of that country

Cod end: the closed end of 3 fishing net
Quota: the legal limit on the amount of fish that can be caught

I = rracricatactiviry sy

Estimating fish Population sizes

Inorder for quotas to work, a sensible figure must be set. The
size of the quota will depend on the Population of the target
fish species. It is very important to have a good estimate of
fish population size in order to decide on the quota,

The size of the yellowfin tuna population in an area of the

Indian Ocean was estimated using a method called mark-
release-recapture. Fi

shwere captured and marked with
amicrochip, They we

amicrochip. The form
from th.gse results js:

number of fish caught

z number of fish caught
Population = 2 1"St Capture

on second capture
number of marked fish caught on second capture
S0, in this case, it is: 127% 174+ 12 = 1842

This method assumes that the proportion of marked fish
in the whole population is the same as the proportion of
marked fish in the second capture. So in this case, 12 is to
1742as127istox, where xis the actyal population,
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\he mark-release-recapture method
JansT L and amarker pen. This will allow you
o _ths skills and think about real-life
T araCliST L fisheries scientists.

'\c antity of beans
plarge &

abag
: .‘l,."l‘ii:ll\e: .nt"‘i"

'n_ + four handfuls of beans into a bag, without counting

g them.
. Takead
capture.

count these beans and record the number (A),

wark these beans with a marker pen (Figure 5.17).

-t these marked beans backiinto the bag,

shake the bag.

13ke 2 handful of beans from the bag without looking:
this is your second capture.

. Count the total number of beans you took (regardless
ofwhether they have a marker pen dot or not) and
recard your answer (B).

. Countthe number of those beans that are marked and
record this number (C).

Return all the beans to the bag.

Use the figures in the equation given above for
yellowfin tuna, to calculate the size of the bean
population in the bag.

Count the total number of beans in the bag and
compare this figure with your calculation.

handful of beans back out: this is your first

Figure 5,17 Marked beans.
Q“Eﬁlnn

Thi <
:mh of at least two other ways in which you might

2oleto getinformation about the size of a fish
POpulation,

Closed seasons and protected areas

In a way similar to the setting of quotas, governments and
other legislative bodlies can also pass laws that can close
fisheries down for part of the year. This is mast commonly
done during the breeding season.

As with quotas and closed seasons, some fisheries are
protected by preventing fishing in certain areas, often
where the target species is known to breed.

International agreements and conservation
laws

Some fisheries are protected by conservation laws. For
example, the Magnuson-Stevens Fishery Conservation
and Management Act is the main law governing marine
fisheries in the USA. It was first passed in 1976 and has
undergone numerous amendments. Its aims include
controlling the country’s territorial waters, conserving
fishery resources and enforcing international fishing
agreements. It also aims to develop under-used fisheries
and protect fish habitats.

As mentioned above, an economic exclusion zone of

200 nautical miles surrounds most countries with a

coastline. Inside such zones it is the right and responsibility
of that country to manage its fisheries. However, to
regulate fisheries in international waters, international
agreements are needed. This led to the UN Convention on
the Law of the Sea (UNCLOS). A good example of where
such agreement is needed is the Mediterranean. In this
narrow body of water, a 200 nautical mile exclusion zone
has no meaning. The countries bordering the sea operate
12 nautical miles zones and beyond that agreements
between them have to be reached.

These agreements are monitored to varying levels of
success by different countries. A model system is that
operated by the African country of Namibia. Here, larger
vessels in its waters have onboard observers, air patrols
detect and deter unlicensed vessels and all landings are
monitored at the country's two fishing ports. In addition,
all vessels in the exclusion zone must keep daily logs of
their catches.

How well do these strategies work?

Any law or agreement is only as good as the level of
enforcement that goes with it. Because of the vastness

of the oceans it is difficult to monitor fishery laws and
agreements. Monitoring organisations based in ports have
more SUccess.
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be able to chock every boat, and fishers may be willing

The Newfoundland cod fishery

Off the coast of western Canada is an arca called the
'.3“_“‘1 Banks. Its location and some features are shown
in Figure 5.18. For more than 500 years, this area was

e AT ERY

<k under-declaring the size OF”'@'r(-’!!cha
I

checked. Itis not difficult to use a net with 5, g g,

=ral
mesh size, and in areas where patrols are inade by

fishers frequently trespass in areas where th&‘;‘a izt
i e
supposed to fish. 1y

known for having huge numbers of fish, especial|
Indigenous peoples and early settlers were ahje to
themselves and make a living from this fishery, The
never seemed to be affected and, after the Secong w!"’!:’:
War, commercial fisheries were attracted to th, arey

shallow water

warnm

Newfoundland

il

deep water i

—

Figure 5.18 The Newfoundland cod fishery.
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Figure 5.19 Cod catches by the Newfoundland fishery between 1850 and 2000.

Caxches declined very quickly and the fishery collapsed

i Some researchers think that these healthy fish are about
completely in 1992 (Figure 5.19). A ban on fishing was

. to recolonise the whole area. Time will tell.

hardly necessary, but the Canadian government did

bringin a ban and paid pensions to many of the 40 000 : s
people whose livelihood had disappeared. Despite this Questions

ban and the huge hardship that followed, the fishery is Using the information in the case study, including
sull very poor compared with its former status. Figure 5.18, suggest why the Grand Banks was the
Untl 1950 the fishery was not threatened because site of a huge fishery.

the technology simply did not exist to take the fish in 2 a
ensustzinable numbers. After this date, however, more Figure 5.19.

2d bigger ships started to trawl the area with huge b Calculate the percentage fall in the catch of cod
zets. These took many more cod, a huge amount of in Newfoundland between its peak and 1976.
bycatch, including smaller fish that are food for cod,

Describe the pattern shown by the cod catch in

Show and explain your working.
@d damaged the seabed bed where young cod feed. ¢ Give the date of the lowest catch between 1900
This pattern continued into the 1980s, but signs of the and the peak catch.
Imminent colla

] pse should have been seen much earlier, Devise a short explanatory paragraph to be read by
i the 19705, people as an introduction and then a questionnaire
Today, nearly 25 years after the ban was implemented, to find out about the opinions of Newfoundlanders
cod

e remain very low. However, there is some in the light of recent news about cod in Smith
i‘;uf‘mﬁging news that suggests the stocks have grown Sound.

ina small part of the region called Smith Sound.
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After completing this chapter, you should know:

nets
Large boats

Boats that can stay at sea
forweeks

Satellite location of
shoals

Human population
growth

x S or
Table 5.2 Reasons and solutions for over-fishing. traditional one. i

AIErary

5.12 Tunaare fished in the Mediterrane,y, T
|.nth traditional and large-scale f; b '?are
in the traditional fishery, the tun;;:\:r;mh&t '
a net hung between boats. As the baaf; ingy
Control of net types in the tuna are trapped. The tuna are th@T
and sold to produce several fish dishes i k'!‘ﬂﬂ
The fishermen operate from ports aroy 8,
Mediterranean, In the large-scale OPerat:
ships use huge nets to catch the tung, "‘hic:' the
then putin cages and fed. They are then 5% e
ships at sea and taken to markets Withayy tony
going into a port. Eer
Explain why a system of quotas operateq
_ European Union is not as successful i
S — the large-scale type of operation as it is "

= the resource potential of the oceans m theimpact of marine fisheries |I
= thedistribution of world fisheries = how to reduce the impact of marine fisheries with |
= the reasons for the location of fisheries mariculture |
. = about El Nifio and its effects m strategies for the management of fisheries. ]
LA . )
End-of-chapter questions |
1 Table 5.3 shows fish catches over a period of 8 years. '
|
1997 68.0 ;
1999 915 ;
2001 88.0 [
2003 104.0 i
|
2005 131.0 '
Table 5.3 Data adapted from: A Bioeconomic Analysis of Maldivian Skipjock Tuna Fishery, Solah
Mohamed. Idea adapted from FISHERIES SCIENCE Paper 2 5151/02 October/November 2012
a Plota graph of these data. ["‘ﬁ
b Usingthe graph, estimate the catch in 2000. 2 artd
¢ Calculate the percentage increase in the catch between 1997 and 2005 [2 el
d Suggestreasons for the pattern shown by your graph. _/’E_/
e
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— |
2 Inorder for fisy iNthe e

3 ]1ﬁ” Lig | e th l
2 o nendd fred Trs o e T A
'l,..l‘.'“l_f rl.‘l‘h“”d l}'l(!l' H""'"Tfl rr-.F f LR mopla LEb E.J-""'." nesad synlight |

a  State which of theges te

quiremeny i
b Which of the kv re s are needed for phetamynthess (1 mark] !

0
ey S juirements is gn| y found in levwr coneenteations at the syrfare of |
€3 away from the coas
€ Explain how s Py
upwelling brin
5
coastal areas, 85 this requirement to the surface in some
2 marks|
3 Shrimp are far |
med along the ¢
0ast of Honduras. Mangrove 5 1
ol it Sh"mps Erove swamps have been cleared to

2 Explain why this process is

thought of a5 non. s
b Suggest how the sustai BNt OFas non-sustainable by some scientists. (4 marks]

inability of shrimp farming might be improved. [3 marks]
4  The following information was

Presented in support of the case for
farming fish and other animals,

La.squoﬁoamsneeuedmmms

kg of salmon. To make 0.45 kg of beef it requires 33
of food, 2.66 kg offood to make 0.45 kg . *9

of pork and 0.86 kg to make the same mass of chicken.

a  Arrange this information into the table below. Pork has been done for you.  [6marks]

Salmon
Beef
Pork |

59
Chicken
b Towhatextent do you think this information supports the
mariculture of fish? [3 marks]
¢ Apart from the possible increased food conversion efficiency,
give other reasons for developing marine fish farming. [3 marks]
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Atlantic salmon farming

After a 19705 peak of just over 15000 tonnes, catches of wild Atlantic salmon have declined to not much
more than 2000 tonnes,

Estimates of the number of fish available show that this has declined from about 10 million in the 19705
to ft'\\:l:r than 4 million now. Therc are a number of factors that are thought to be involved in this decline,
A major factor are the salmon fisheries, which has led to the farming of salmon instead. The majority of
Atlantic salmon eaten today is from farmed stock (Fi gure 5.20).

EXTENDED CASE STUDY

wild caught
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Figure 5.20 A comparison of the global numbers of farmed and wild-caught salmon. Note the difference in the
scales on the vertical (y) axis.
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A typical salmon farm holds up to a million fish in cages coveri ngan area of about 3 hectares. At maturity,
this many fish weighs more than 2000 tonnes, the weight of more than 400 elephants,

The culture of salmon was worth over U$$10.7 billion globally by the end of the first decade of the 21st
century. This represents a tenfold growth in production in the latter part of the 20th and early 21st

centuries. The most important countries in this industry are Norway, with 33% of the product, Chile, with
31%, and European countries, excluding Norway, with 19%, I

‘The fish are first hatched from eggs in tanks based on land and containing fresh water. This is because the
species spends the first 2 years or so of its life in rivers. At about 18 months old, the young salmon (this
smolt) are moved into floating cages at sea. These are usually located in sheltered coastal regions, fjords or
sea lochs. Salmon are carnivorous in the wild and their food has to be mainly of animal origin. ';he fish are
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food made from fishmeal for the next 1-2 years, at which point they are harvested for market.

4 kg of fishmeal to produce 1 kg of farmed salmon. This is contrast to the 10 kg consumed by

: ad ;.;Imn:'l for the production of 1 kg of fish,

“" : n\HL‘iTl!‘ of mnricullur'll' of Atlantic salmon in("ludc the increased rate of infection with pamiﬂm such
::.a lice compa red with w:'ld.ﬁ sh. ‘:_Escapﬁ-s from the cages pose a threat to wild populations of salmon as
"t of competition and by infecting the wild fish with sea lice. Very young fish are especially susceptible
.- these parasites and many die. Various drugs are used to keep the farmed salmon healthy and these can
. cffects on the surrounding ecosystem. The growth of algae in pens can be a huge problem and a type of
_hicide. called an algicide, is used to control this. The food pellets themselves can be a source of poll;ﬂinn.
ecially if overfeeding occurs and uneaten food is lost to the bottom of the cage. Along with other waste
w-r the fish. the food waste can lead to eutrophication,

WL e ahout
.-:_1;. "'h‘.

Questions
What percentage of countries, in addition to the big three of Chile, Norway and the rest of Europe,
are involved in the farming of salmon?
b Using the information in Figure 5.20, suggest the date when more salmon were produced in fish farms than
were caught in the wild.
- Susgesl “h, wild salmon need 10 Lg per 1 kg of salmon whereas farmed salmon needs DI‘I]}' about 4 kg

-

5 Usethe diagram of a salmon cage in Figure 5.21 to draw a summary of the impacts of such a cage as
described in the case study.
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Chapteré6
Managing natural hazards

i g
DL

By the end of this chapter, you will be able to:

desonbe different types of natural hazard, including eanthquakes, voleanic couptions, tropical eyc lones, llooding and drsg™
e;p:.;m the Causes and _plﬂl::.'ll chistnibution of these natunsl b panids, andd relate them to the Earth's sEruciuge
t""l.\.p-!a:ﬁ thie impacts these nalural hazaids can have of peogle and the ernvimoamment

explain different strategies for managing these natural harards
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he impossible?

P'i:l apenal Park, in the north-wesy of the

e L avoleano. tis not just any volcano, byt
o <o to as a supervolcano Asupervolcane
St o measures magnitude 8 or more on

# losivity mde\ and creates deposits that
s .+ 1000 km Y If this volcano was to erupt

| .+ the suggested impacts are at least 90 000
K . ~etantlvand a3m layer nfashcm»onng

e L

e for up to @ 1000 km from the volc

ano.
ivad shortages would occur as world temperatures

gt nivolcano has had three supereruptions in the
SN en vears, 1.3 million years and 640 000 years
at -'|,:~'. s period between these events ranges from
2010800 000 years, and some may think we are
© 1 erdue an eruption. However, scientists do not
' ;“W cient data to establish a meaningful recurrence
ha -‘l and no-one knows when the next eruption will
-use we cannot predict it with any precision, In
:, ¢ aneinten people in the world live within 100 km
. olcano that could potentially erupt and, as world
g grows, the exposure of human populations
; ;,;:ural hazards will only increase, Natural hazards

L0 the capacity to kill, injure and disrupt lives. Between

6.1 What is a natural hazard?

snatural hazard is a physical event that has the potential
cause loss of life or injury and damage property and
siastructure, Livelihoods can be lost and the environment

damaged. They can be short-term events that last just

:few minutes or long-term events that can happen

er several years. Natural hazards can be classified in a

number of different ways. The most common classification

sbased on the cause of the hazard, including:

* peological hazards, for example earthquakes and
volcanic eruptions

* dimatic hazards, for example droughts, tropical
tyclones, floods,

Other Ways in which natural hazards can be classified are
Ysed on the:

" Magnitude or intensity of the event

g .
“Peed atwhich the event takes place

duration of the event

heque

Ncy of the event.

Chapter 6: Managing natural hazards

2005 and 2015, natural hazards are belioved to have killed
over 700 000 people worldwide Approximately L4 muillion
people were injured, 23 million made homeless and the
total economic loss was estimated at more than 1.3 trillion
USS. The impact of a natural hazard can continue long
after the event has passed. We cannot change when,
where or how frequently natural hazards occur but we can

try to predict, prepare and manage them so that we can
minimise the impact,

Figure 6.0 Yellowstone National Park Grand Prismatic
Spring,

The term natural hazard does not just mean physical
events occurring in the natural world. People and property :
need to be put at risk by the physical event for it to be |
called a natural hazard. Volcanic explosions may look
dramatic but it has been estimated that half of all deaths
attributed to eruptions are from just five recorded events.
The natural hazard that occurs most frequently is flooding,
but between 1994 and 2014 it was earthquakes that killed
the most people (Figure 6.1).

A natural disaster is when there is serious disruption to a
community caused by a natural hazard, which can involve

Supervolcano: avolcano that erupts at least 1000 km? of |
material

Natural hazard: a naturally occurring event that will have a
negative impact on people

Risk: the probability of a natural hazard occurring and the
losses or damage that might result from that natural hazard

Natural disaster: when a natural hazard causes damage and
the people affected are unable to cope
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Figure 6.1 The number of disasters by disaster type, 1994-2014,

gastar type
3 &

140 4

Number of disasters per di
g8 8 8

E

b----:.—."_"""'-'---l | v
0 —— 7 —— —
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

L-ﬂ-—aar'me]uake —s— storm —— flood ——drought —s—volcano

social, economic and environmental losses or impacts. A
natural disaster follows a natural hazard.

natural hazard (for example flooding) + factors affecting
possible risk (for example high population density) =
natural disaster (for example many people killed)

For a disaster to be entered into the database of the
United Nation's (UN) International Strategy for Disaster

Reduction (ISDR), at least one of the following conditions
must be met:

a report of 10 or more people killed
a report of 100 or more people affected

a state of emergency declared by the government of the
affected country

a request by the relevant national government for
international assistance.

The impact of a natural disaster on a community will
depend on the:

+ length of time people are exposed to the natural

hazard

+ vulnerability of the people affected

+ people’s ability to cope with the effects.

6.2 What causes earthquakes and
volcanic eruptions?

The theory of plate tectonics was developed in the 19605

and helps us understand the movement of the Earth’s

surface. It also helps explain the global distribution and
causes of features and landforms such as volcanoes,
earthquakes and mountain ranges called fold mountaint

Vulnerability: the characteristics and circumstances of

people in a community that make them susceptible tothe
impacts of a natural hazard

Plate tectonics: a theory developed in the tgsomathd?; ‘
explain the formation of some of the important features o1
Earth's surface and how the continents move

Fold mountains: mountains created where two or M€

tectonic plates are pushed together, compressing the rocks
folding them upwards
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is called the Jj

flows slowly dug
Theupperpaﬂafmernanlhelsmmb ol
ithosphere,

“eungerstand the theory of plate te
wknow 2bout the structure of theE
::gu"‘.'-f 8.2,

Ctonicsit is important
arth, as shown in

There 2re two types of crust (Figure 6.2) and their different
=Elures are summarised in Table6.1.

Oceanic crust {sima) I Continental crust(sial)
Mainly made of 3 rock

| Mainly made of a rock called
“led basalt

granite

- _‘___-_‘_‘_'_-———-—-'_ __.__-‘_-_______-————-______
ninner, avera ge depth Thicker, average depthis 35 km
$bkm butit can be over 100 km
S under mountain ranges
Jenser (heayi = T N

2 --Jm Cm | Lighter,26 gcm bem _|
dnger Older

NGl o
fﬁfSInkand is It cannot sink and is neither
- “Muelly being destroyed or renewed
*rf?’fe@héﬂdestmyed
Tah o

mﬁ 6.1The Main features of oceanic and

tinena| Crust,

Asthenosphere: the layer of the Earth below the lithosphere, it
Is hotter and weaker than the lithosphere above and is capable
of plastic flow (deformation of material that remains rigid)
Sima: another name for the eceanic crust, which is rich in
sllicate and magnesiym minerals

Slal: another name for the continental Crust, which s rich in
silicate and aluminium minerals

Basalt: afine-grained extrusive igneous rock formegd by the
cooling of lava at constructive plate marging

Granite: a coarse-grained Intrusive igneoys rock comprising
the minerals quartz, feldspar angd mica, itis formed ay
destructive plate margins

Tectonic plate: A piece of lithosphere that maoves slowly on
the asthenosphere, seven major, eight minor and ny merous
micro plates have been identified
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Loy 0 ThDW II.'\ hl’"l" the COMRCHion Current s rise 10 ‘h.'ﬁ

2 i the manti an Lhese ¢ Ayl

surface vhe plater moe away from each other Where
com@Bction currents, sink, plates move towards each other
Most plates only move a few milimetres each year The
piace where two plates meet is called 2 plate boundary
or plate margin Plates can move away from, towards or
sideways past each other

Look carefully at the map of plate boundaries and
the distribution of volcanoes and earthquakes
(Figure 6.3). What do you notice about the distribution

Figure 6.3 The distribution of tectonic plates and zones of tectonic activity.

i f.-r"'i'lﬁf! Eqeeh
s

g,
la:-rl(.|'|l(l" ¢ :
B cltge ey mi
&
yeuer, rial all tec tanie F'J'.Fanl -
T
fari0s, Same yoleanoes ara e
. . wia rr' ine # - |
s apmete acd earthquakes Can aecyr whae i
g’ tﬂc_,“
(ranse the internet and 'f"-r'rl-
e
15 find pramples of volcanoes and earthaya,, , |
P

. et fit the .-r[,-rflrri pattern, and in, 1e50igare v
o= P

reasnns why

Lithosphere: 1he outer and rigid layer of the £ g
comprising the crust and the upper pan of tha ;
Convection currents: frasfer beat from piacg o

denser colder flund sinks into warmer areas hog h; ".;
Earth's core Causes convection Currents in the many,

Plate boundary: where tw 0 more plates meas Ptk
main types of plate boundary are constructive, dass a
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Chapter &; Managing natural hazards

e
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o fiagram to show the structure of the
61 . eethe following labels: CTust, mantle
2 4 outer core. '
o three differences between Oceanic and
62 ° satinental crust.

[

| 1 - .‘ H i latE
what is a tecronic p .;

ook at Figure 6.3. What is the name of
that you live on?
what is meant by a plate boundary?

What process causes the tectonic plates to
move?

the plate

6.5
£.6

&

mid-ocean ridge

i W S
| ‘\\'ﬁ\{"wj

key  —3= movement of flow of magma in the form of
convection currents

== direction of plate movement

Plate boundaries

There are threp types of plate boundary

constructive (divergent)

destructive (¢ onvergent)

L]

conservative,

Constructiye (divergent)

ALa constructive plate boundary (Figure 6 4a), two
OcCeanic plates are pulling away from each other. A gap or
weakness is formed and magma from the mantle rises to
the surface because of convection currents. The magma
solidifies when contact is made with the cold acean water,
The Magma turns to lava and forms new basaltic ocean

(b)

ocean moutain range

{fold mountains)

| ocean

P LTI TTT77
oceanic plate

iy,

i\
S B magma o
'{:."‘1 "f? ,
<0 ‘ﬁ" -

magma in the form of

key — movement of flow of
comvention currents

== direction of plate movement

)

fold mountains

(d)

continental plate

continental plate

" — direction of plate movement

key wep- direction of plate movement

Fi
nljlunz 64(a)a constructj
te buundary.

ve plate boundary; (b) a destructive plate boundary; (c) a collision zone; (d) a conservative
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:G‘:, &SL LUk '-:“;‘:&g 3 ,..

e
— ipw p
e le h ostern Pacifi
(Ust This whole process is called sea-floor spreading Maniana Trenchiin the western Pacific Ocean hy,
o1 ridge push Small earthauat  triggered. The depth of nearly 11 km at an area called Chaylg,, . ° "%
g * 2Mall earthquakes are LHEgeIct 1 | . the oceanic LTI:'H[’ m{)VE‘S{iDWﬂWa(dS pres i c"?‘_,
LCeaN crust 11“ Ur'l.l"h"‘k‘ll"'l mid-ocean [llr o5 AN 5% ~'] .I

hh pion trigger severe e earthquakes in the B‘ﬂinﬂr g
The heat produced by friction turns the "'jpSCEn{j

into magma and by 700 km down the plate has. Es-.,,.t
disintegrated. The magma then starts to fise ang Dlos,

can also form subm arine vaolcanoes, which may grow
and appear above sea-level asvolcamic islands ””“‘r‘
volcanoes are called shield or basic volcanoes and
:'~'~5L< lly have non-explosive eruptions because there is
little pressure build up. Radiometric dating and fossil
evidence show that the ocean floor becomes progressively
older in both directions away from mid-ocean ridges.
. An example of this type of plate boundary is where the
Eurasian plate moves away from the North American
plate along the Mid-Atlantic Ridge at a rate of 3 cm year™
(Figure 6.5). Iceland is located on the Mid-Atlantic Ridge
and is entirely made up of lava and other volcanic rocks. It
has 35 active volcanoes.

i . !
of the release of pressure, it can e"“’“hmuahaw o, |

|

|
in the crust as an explosive composite (stragq 0) r?a!rri._‘,l [
acidic volcano. Fold mountains are also formeg
continental plate as the sediments get pushed umnﬂw
and folded. An example of this type of plate B S s
where the Nazca plate moves towards the South
plate. The Peru- Chile Trench has been formeg atth
<ubduction zone and the movement of the Fﬂates
explains the formation of the Andes Mountaing g the ¥
resulting 194 volcanoes found along the length of the
mountain range.

R —

If two continental plates move away from each other, a
rift valley may form as the central block of land drops
| down between the faults. The East African Rift Valley,

which extends 4000 km from Mozambique tothe Red Sea, (. S TElE .
[ is an example. L A 3
1 Sea-floor spreading: the process by which oceans
formed at constructive plate boundaries, new oceanic eng
formed as two oceanic plates move apart
Ridge push: 2 gravitational force that causes 8N oceanic plz,
to move away from the crest of a mid-ocean ridge andingy
subduction zone, it works together with slab pull
Shield volcano: a broad volcano built up from the repeateg
eruption of basalt
Basicvolcano: abroad volcano built up from the repeated
eruption of basalt
Riftvalley: an areawhere a continentis being stretched and
the central block moves downwards
Slab pull: the force at a destructive plate boundary, wherethe
oceanic plate sinks beneath the adjacent plate, as a resultolis
own weight, the descending plate is pulled by gravity througt
Figure 6.5 The North American plate maves away from the the asthenosphere
Eurasian plate in Iceland. Subduction zone: a zone where the oceanic plate s
deflected (subducted) down into the mantle, at the surface ¢
subduction zone coincides with acean trenches
Ocean trench: adepression of the ocean floor that s
parallel to a destructive plate boundary !
Benioff zone: a zone of earthquake fociin the upperpatdlt f
subducting oceanic plate at a destructive plate boundary

Composite veleano: avolcano built up by altematg

Destructive (converging)
A destructive plate boundary can be found between a
| continental plate and an oceanic plate, between two
oceanic plates and between two continental plates. Ata
‘ destructive plate boundary (Figure 6.4b) an oceanic plate

trench is formed where the oceanic plate is subducted.
' These trenches are the deepest part of oceans. The

Scanned with CamScanner

and a continental plate move towards each other becaulse of lava and ash, conical In shape, Also known a5 728
of convection currents in the mantle. The denser, oceanic volcano.
plate is forced down, or subducted, under the lighter, Acidic volcano: a volcano that is made up of just W’“,
| continental plate. This process is called subduction or slab steeped sided as the lava does not flow easily, and oS
pull and it takes place in the subduction zone. An ocean into a convex cone-shape
|
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¢ plates move towards e

ach other, the
hen ¢ plate is subducted. The Magma thay
Jger @ *d erupts at the surface fo, Ms a chain
I‘__“,qu;“ +Iscalled anisland are The Japanese
yolcdf ._‘ sample of anisland arc.
B ST
ands st tal plates move towards eg

11 L s cottision zone (Figure 6.4¢) T,
s e two plates are squeezeg together anqg Pushed
«"‘"q to for 1 fold mountains, such ag the Himalayas
‘ flq:ake*s occur but no voleanic activity beca, se then.‘e

" eybduction of an oceanic plate,
nas

ch other, thig
e SEdiments

2 *“,'r..ra[i".’{*

J.”-onﬁewatwe plate boundary (Fi
nng destroyed or created, 1_'he plates are sliding past
sbe other, An example of this is along the San Andreas
f in California, USA, where the Pacific plate is moving
: he North American plate in the same direction but
;E sifferent speed. The Pacific plate is mMoving north.

BUre 6.4d), no plate

< atarate of 6 cm year™, whereas the Ng
::.;;«. is moving north-west at 1 ¢m year”
|::;'hed together and pressure builds up
wlessed as an earthquake.

rth American
" The plates get
until it is eventy ally

67 Look again at the map of plate boundaries

(Figure 6.3). What type of plate boy ndary is
found between the:

a Nazca and South American plates
b Indo-Australian and Eurasian plates
¢ Pacific and North American plates
d South American and African plates
e Eurasian and Pacific plates?

Why do earthquakes oceur along:

2 destructive plate boundaries

b conservative plate boundaries?
Why do volcanoes occur along:

a destructive plate boundaries

b constructive plate boundaries?

Research the location of the following fold
Mountains using an atlas or the internet:
Himalayas, Andes, Rockies, Between which two
Plates do each of the fold mountains lie?

6.8
6.9

6.10

.

Chapter 6; Managing natural hazards

Characteristics of earthquakes

An eary hquake js when the pround shakes ar moves in
sudden jerks Earthquakes result fror a buile up anel

tension, usually along a fault line. The
e earthquake

sudden release af
focus i< where th

begins underground, and
the paint gn the

Earth's surface, directly above, is called
The release of tension sends out shock
waves (seismic Waves) that travel outwards from the facus
(see Figure 6.4d). The magnitude of an earthquake is
Measured on the Richter scale by an instrument called

A Seismometer. During an earthquake, faults or cracks
may appear on the Ear

th's surface, the ground may suffer
from quuefactlon ifitis made of loose sediments, and
aftershocks can occur. Atsunami can also be created if
an earthquake occurs under the sea or in acoastal area.
The number of deaths

earthquake does not j
factors that myst bec

and injuries caused by an
ustdepend on the magnitude, Other
onsidered are;

* the location of the e

Picentre, because the closer to the
epicentre the greater the damage

the time of the earthquake
Occurs during winter mont
Breater loss of |ife

* the geology of the area, which determines whether
liquefaction takes place

the relief of the area, because, for exam ple,

mountainous areas can suffer from landslides and
Coastal areas can suffer from tsunamis

Island arc: a chain of volcanoes,
that run parallel to an oceanic
oceanic) plate boundary

Collision zone: a destructive plate boundary between two
continental plates, resulting in fold mountains

Focus: the location under the
earthquake originates
Epicentre: the point on the Earth's surface directly above the
focus of an earthquake

Richter scale: a measure of the magnitude of an earthquake,
taken with a seismograph and with a scale of one to ten, ten
being the most powerful, it is a logarithmic scale which means
thatif an earthquake measures two on the scale it is ten times
more powerful than an earthquake that measures one
Liquefaction: the process where loose sediments with a high
water content behave like a liquid when shaken by an earthquake

Tsunami: a large wave created by acean floor displacement of
landslides

, because if the earthquake
hs or at night there is often a

generally with an arc shape,
trench at a destructive {oceanic-

Earth’s surface where an
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6.11 What is an earthquake?

6.12 What is the diference between the focus and
epicentre of an earthquake?

6.13 What scale is used to measure the magnitude of
an earthquake, and with what instrument?

Characteristics of volcanoes
There are two types of volcanic activity:
. intrusive, when magma cools underground to form
igneous rocks

extrusive, when magma flows out onto the Earth’s

surface 2s lava.

Figure 6.6 Features of avolcano and some h

azards associated with a volcanic eruption.

L

_u‘-

3 hole of crack tfissure) through which

. nnto the surface. Gases and W"Utlam
material can als0 he erupted. Most volcannes are 5 t
mieiure af eolidified magma and ash, which huﬂd Upe
time wit heath eruption 10O farm a valcanic mqur‘lfa.nﬂe.
or cane. A Cross section through a volcano is shown

in Figure 6.6. There are many hazards assotiated yy,
an eruption such as lahars, which are also shoyn i,

Figure 6.6.

el L
A

A v

magma erupt

Wwhen magma erupts at the surface it can form differg,
types of volcanoes depending on the viscosity (stickineg,
of the magma and the amount of gasinit. Tableg 2
shows the difference between two contrasting types, ang
Figure 6.7 illustrates 3 shield volcano.

KEY TERMS
P

Pyroclastic material: very Not gases, ash and volcanic
bombs, pyroclastic flows can reach speeds of aver 100 km b
at temperatures of 200 to 700°C

Lahars: mudflows of volcanic material, caused when ash
mixes with heavy rain or water from melting snow

key
: =W bold labels - features
steam, ash and gas— — [non-bold labels - hazards

lava fiow
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' ‘.1 ' reland p;{:ﬂm-m Nelude My St “r'|*'”'~.1l‘“~"~. nd Mt Pinatube ia the
i s constructive plate boundarips - Hippines
y K % ‘ L * Found on destructive plate boundaries
\ awide area with gentle slopes (7 to 10°) * Conicalin shape with steep slopes (10* 1o 10"} and narrow bases
v vy a00 min height . 100-350{] min height
:;.:vcd by lava flows * Formeg by allernatiril’.lnyi?rs of ash and lava
' ,_:.:im;g has a low viscosity * Magmais viscous
" r..;'_::!‘,,«,s. are usually non-explosive and consist p E:;:?:;?;; ;ne N,nmm-v but infrequent and consist of ash,.
I ;-ﬂmir‘ul\,‘bﬁSﬂl‘ lava flows from a vent i bsz::ﬂcamc bombs and Bases. Lava flows are limited

-.+je 6.2 Characteristics of contrasting type of volcange

Figure 6.7 A shield volcano,

6.14 Whatis a volcang?

815 Which of the following is the odd one out?

Explain why.

lahar pyroclastic flow liquefaction landslides ash
volcanic bombs

816 What is the relationship between lava and
magma?

5.

of the high viscosity of the magma

6.3 What causes tropical cyclones?
Tropical Cyclones, hurricanes
in different parts of the world

weather feature. Cyclones are found in the Indian Ocean
and Australia, hurricanes in

the Atlantic Ocean and eastern
Pacific Ocean and typhoon

sin thewestern Pacific Ocean u
(Figure 6.8). Tropical Cyclone is a common term that is
used for this weather feature,

and typhoons are found
but they are all the same

Tropical cyclones are large areas of very low pressure with

wind speeds of over 119 km h™. They are Categorised using
the Saffir-Simpson hurricane wind scale, which rates wind
speedonascaleof 105, Category 1 is when the wind
speeds are between 119 and 153 km h™' and category 5

is reached when the speeds are over 252 km h™'. In the
western North Pacific, the term ‘super typhoon' is used for
tropical cyclones with winds exceeding 241 km h ™. Since
1953, tropical cyclones had been given girls names but

in 1979 boys names were included. The list of
rotated aver a 6 year period. If the storm 1S very destructive,
the name is removed from the list and is not used again,
Figure 6.8 shows the distribution and time of year when
tropical cyclones occur in different areas of the world,

ames is

Certain conditions are needed for tropical cyclones to form.

» The ocean surface temperature must be at least
27 °C. Warm water provides the energy for increased
evaporation of water, which rises, condenses and
releases huge amounts of energy.
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[ Figure 6.8 The distribution and occurrence of tropical cyclones, hurricanes and typhoons.

m = The warm ocean water must be at least 60 m deep. faster, intensifying the low pressure area and more airis
- These conditions must occur between latitudes 5° and sucked in towards the centre of the storm. Cumulonimbus

clouds are formed. The air cools at high altitudes and sinks,

I
[

|

20° north and south. Any closer to the equator, and
there is insufficient Coriolis force (rotation of the Earth)
to make the air spin, at higher latitudes the oceans are

too cold.

There should be very little wind shear (a change in wind
speed or direction with height in the atmosphere).
Strong wind shear can stop the vertical development of

forming the eye of the storm. A tropical cyclone therefore
derives its energy by evaporating moisture from a warm
ocean; when it passes over land or a cold ocean currentit
loses the source of energy and the speed decreases.

Characteristics of tropical cyclones
A tropical cyclone can be up to 800 km in diameter and

a storm.
These conditions exist between May and November in the
Northern Hemisphere and between November and May
in the Southern Hemisphere. Tropical cyclones start as
clusters of thunderstorms that grow in size and start to spin.
The air rises as it is heated from below. It cools, condenses
and releases latent heat. This causes the air to rise even

up to 20 km in height. Tropical cyclones usually last for
aweek, moving 17-32 km h™", They rotate in an anti-
clockwise direction around the eye (the calmest partof
the storm) in the Northern Hemisphere and in clockwise
direction in the Southern Hemisphere.

The typical weather expected as a tropical cyclone passe®
over an area is listed below and shown in Figure 6.9.

e
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sigure 6.9 The features and weather associated with a tropical cyclone.

+ Sky becomes cloudy, wind speed increases, rain with
sunny intervals.

+ krpressure falls, wind speed continues to increase
wover 119 km h™. Large cumulonimbus clouds
fom and very heavy rain falls. This is the eyewall
orvortex,

v lnith

' eye of the storm the sky is clear, winds are light
éatnere is little rain, Temperatures are warm.

"lerthe eye has passed cumulonimbus clouds form

#2200, with the return of heavy rain and strong winds.

""dspeed and rainfall decreases. Sunny intervals.
“Pltyclones create the following hazards:
:':.‘I‘n«- . H P H
"&Winds can cause structural damage to buildings

TRy pai :
/1einfall can lead to river flo oding and landslides
. Msurges can |
. utheintense
.._-.;ng Iﬂinds can

ead to flooding in low lying coastal
low pressure can raise sea levels and
Push waves up to 5 m high inland.

6.17 Study Figure 6.8 and describe the distribution of
tropical cyclones.

6.18 Describe three conditions needed for the
formation of tropical cyclones ana explain why
the conditions are needed.

6.19 What weather conditions would you expect to
encounter as a tropical oyclone passes over an area?

6.20 Why aoes a triapical cyclone lose its strength
when it passes over land or a cold acean current?

6.4 What causes flooding?

Between 1995 and 2015, floods caused 47% of all
weather-related disasters, affecting 2 3 billign peaple and
killing 157 000 people worldwide. Flooding is when the
discharge of a river exceeds the capacity of the river's
channel. When this occurs, the river overflows the banks
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the quicker the water reaches the river (flagp, ng

ijercent Ooodplam Vheavy tamdall s Lhe i
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preater the chance of flooding, Thea <
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hydrographs vary botween river drainage basie. . ey,

Storm hydrogr:
\ graphs asetul for plnumnuagainsl future Hnoding 314 i, Are

Aocveseey bt e

L iwaropraph shows hoy i J o Tal e |s ; . e
i inirhall event (Fisie ws how quitkly a nver respondsto o ahy. The causes of [lmd'“gm”be%eninhb of
\ altevent (higure 6.10). The water can reach the river ' lag;
el ard i

y overiand How, thioughflow and groundwater flow {see e

Section 4.2).
Discharge: the volume of water passing a measy g po
gauging stationina piven time, measured in cubic m eires 'S
second (cumecs) ey
Lag time: thetime difference between peak rainfy)| 5 nd
discharge [
Infiltration capacity: the maximum rate that water
Antecedent soil moisture: the amount of moistyre 0
in the soil before a rainfall event Preseny
Impermeable: does not allow water to pass through
percolation: the vertical movement of water from the soilng
the underlying rock

Interception: the process by which vegetation prevents gy
from reaching the surface directly, the intercepted rainfall 5

i i ion storage and then ei
Hours from start of ternporarily held as |nter4_:\ept|c-n ge en either fals
ST directly to the ground or is evaporated back to the atmosphe

Discharge / m? 5™

Figure 6.10 A storm hydrograph.

Physical causes | Impacts
Weather | Heavy, intense rainfall can exceed the infiltration capacity of the soil and lead toan
| increase in overland flow. Steady, prolonged rainfall can saturate the soil and cause the

| water table to rise, reducing infiltration capacity. Overland flow will occur if snowmeltis

; | rapid and the ground beneath frozen _
| Previous weather Antecedent soil moisture refers to the amount of water in the soil before a rainfall event. The
|  more saturated the soil, the less infiltration and the more overland flow |
| Soil and rock type | Impermeable soils and rocks, such as clay or granite, have a low infiltration capacity and_!
, percolation rate, which leads to greater overland flow 1

|

Steeper gradients can lead to faster overland flow and water has little time to infiltrate

| Relief
| Earthquakes, volcanoes ' These natural hazards can produce tsunamis and storm surges that flood low-lying

' and tropical cyclones | coastal areas.
Human causes
 Deforestation | Cutting down trees reduces interception and infiltration
Ebanisation Concrete and tarmac are impermeable surfaces that lead to more overland fl
drains speed up the movement of water to the nearest river

exposed reduces interception. Ploughing down rather than
ry com pacts the |

_'_'_._,__..-f'

_-___‘-_.____.--'";
ow. Storm |

 Agriculture Overgrazing and leaving soil
across slopes quickly channels the water downwards. Heavy farm machine

soil, making it impermeable

_-__-_-_._-___- == . . .

' Climate change Enhanced global warming may lead to a rise in sea-levels, as well as more

rainfall and

storms in certain parts of the world Sk oy

e

Table 6.3 The causes of flooding.
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Between 1995 and
were recorded in Africa. and 77 of those
o ; Ca. 8 ol 1
: wre delails look on the UN website
v W ;-1" S e - - -
. :,'L h :_- | LS -g‘k .\l‘\.‘-\.:\\..__:\ 01
Ak es
MOSL Crouehe Aareir wherm o "
UENTs accur whe tregular weather patterns are
INterrupted and ev ot ; ;
HrEL AT evaporation exceeds precipitation, There
areva

A e re .
HHOUS reasons why this can happen.

« Changes in R s ;
= In aimospheric circulation patterns altering
stormtr :

tiracks and wind patterns. An example of this

: that prevent the northwards movement

O 1he Inter Tropical Convergence Zone (ITCZ) into
the Sahel region of Africa, which means that the moist

rising air at the ITCZ does not move north to reach the
Szahel.

is patterns

Airin a high pressure system sinks and rain clouds
generally do not form. If the sinking air covers a larger

area than normal or becomes prolonged, droughts can
ocCur.

« The El Nifio Southern Oscillation (El Nifio) is a
weather event where the surface water in the Pacific
Ocean zlong South America rises in temperature. These
warmer waters alter storm patterns and can cause
droughts in Australia. La Nifia is the counterpart to El
Nifio: the surface water in the Pacific Ocean along South

6.21 Arrange the following factors which explain
the characteristics of a storm hydrograph
under the following two headings:

flash response and slow response.

urban permeable rock ploughing
downslope wetsoil forest rural dry soil
light rainfall impermeable rock
ploughing across theslope heavy
rainfall rapid snowmelt

Use the internet to research the causes ofa
recent flood event in the country where you live.
Think about the physical and human causes
of the flood. Use Table 6.3 to help you with the
possible causes.

= L - |
L)
L _';rt
da’ ¢
reases in temperature, The conl
iy
te 1o drier conditions in parts of Mo, l;ﬂrﬂ:rﬂ‘
= r :
v While El Nifio L]"ﬂ.icl”'y".l"-’.fﬂf“; =%
La Niftacan last for 1-3 years, “hﬂna
« Thereis alot of debate '“"“l”lhpm“m‘fhonb
By

drought and the current period Or“iﬂmte Chc'm‘ Weig,
scipntists predict that warmer wor]dwidetem - Som,
will mean decreased rainfall in some p,

al
arts of the rey
leading to more drought events. "'“f‘ldl

Human activity can influence the effect

that dr,
on aregion, Bht hag

« Agricultural practices can make land more Vulner,
drought. Irrigation techniques have Increaseq far tc
dependence on water, Overcultivation angd .
can lead to soil compaction, and the soil s |egs ab?:ng
hold water. As the soil becomes drier, it ig -.f-u[ner;g.bhem
erosion and eventually desertification. 0

« Deforestation, as a lack of trees decreases sgj|
infiltration and increases soil erosion.

+ Building adam on a large river can cause drought
downstream of the dam by reducing the flow of water

O
Inter Tropical Convergence Zone (ITCZ): alow pressyre
belt that lies around the equator, where the north-east and
south-east trade winds meet, it receives high precipitation
because of intense heating from the Sun
El Nifio Southern Oscillation (ENSO): the changeinthe
prevailing winds that leads to a change in the pattern of
currents in the oceans of the south Pacific

6.6 Impacts of natural hazards

The impact of natural hazards can be social, economic
or environmental, and can be short and long term
(Figure 6.12). Some impacts are the same for nearly

all natural hazards, such as fatalities, injuries, loss

of livelihoods and destruction of property and .
infrastructure, while other impacts are unique to certain
events. The impact is usually greater on commu nities at
lower levels of economic development because of2 lack
of finance to rebuild the infrastructure, lack of ins:.:ri!“‘f‘e
cover, and a lack of technology and expertise 10 deal Wi
the event. Such communities are more dependent o
emergency aid.
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Chapter 6: Ma naging natural hazards

—sugnt e
iy gm:_-'e‘_q_, up, forcing people and Impact of tectonlc hazards l
wﬂdgurcf‘- 5 ang distances tor water ground fiows, pyrociastic
":1;:' 0 !‘u:": ‘u. .: ;;Tgmnservaiior‘l measures .Ml. lll.u::l':lr;gﬂ':m 'w : |
e I s, tam animals, plants and wildlite * landslides caver buildings and roads | |
* s o SO |and prices and unemployment * tsunamis hit coastiinea . |
. eIt decines and farmers lose money * fires from rupture of gas pipes |
" o prices o * dastruction of farmiand and starvation |
.ﬁ"“f“fm{wmﬁ nocausel Ur: F:‘n(g’ 2;::1;’“ 3 as ald cannot raach viclims |
Jreat e and dehydration, . an * disease because victims are in |
g AT e more vulnerable to heat stroke temporary accommadation with no |
1**':’:‘1.593! o and ins:iglii:l c;r:lf:;lations sanitation or clean water, and water is o:J
i ! osion and dg_s;; - Al or Sk el conlaminated by broken sewage pipas i
L oo fisk of wildfire w untreated sawage |
e over water usage and food * Irauma, poor mental health |
o munities may break up as farmers * loss of wildlife habitats ~=1
';ﬁa@rﬁrﬂmte
WI i and hﬂm rainfall 'mm of “ﬂﬂdll‘lﬂ
|fooding dmﬂmmnyl'mumuanmmnanﬁwater * dispossession and migration
sgisruption " * contamination of water supplies leading
supply d to disease
:ﬂlﬂ"b“ 'm”mas production is halted -Iusfg;;:;lups and farm animals leading
to food shortages and loss o2 s
*gamage o crops, = deposition of silt from the flood waters
of export eamnings * recharge of groundwater stores
!-nssdﬂdﬁfahabﬂals * rivers change course
Figure 6.12 Some impacts of natural hazards.
|
|
Hurricane Patricia: the impact of a tropical cyclone
H"Hicane Patricia was a tropical cyclone that formed was in a rural area of Mexico with a low population
Inthe eastern Pacific Ocean and rapidly intensified into density and where the coastline rises steeply. Tourism :‘
i Galegory 5 hurricane (Figure 6.13). On 23 October is important to the local economy. The management §
015it became the most powerful tropical cyclone ever strategies used to deal with the event proved to be '
Measured, as the maximum sustained winds reached very successful because there was no loss of life. -
:::ﬂpl\?cedemed 320 km h-", It also set the record for The government was well prepared, and a ‘warning- !
lowest pressure recorded in a tropical cyclone in the alert-evacuate’ strategy was used effectively. Regular |
Wester hemisphere, with a minimum central pressure warnings were issued before the event, 1782 shelters were
829 millibars, Even more quickly than it had gained opened, 8500 people were evacuated and sandbags were
SUength, the hurricane rapidly weakened over the Sierra distributed to prevent flooding. Food was stockpiled,
Madre Mountains of Moo property boarded up and electricity was shut down to
urri ) avoid electrocutions and fires. The army, navy and police
Wind 4n¢ was a compact storm, with the most intense vl dethired.
extendmgjusr, 16 km out from the eye. Landfall
-
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I

to: Colima ’
State: Jalisco _._.—-—-EL
* tourists evacuated from beachiront hotels « Highway 200 hllrltut:lm»d ::dms
in Puerto Valiarta mudslides, communitios
* 8000 homes destroyed or damaged with roofs torm off warn washed ﬂ‘":ﬂmﬂsmluhn lowors
* small coastal town of Chamela destroyed ::lmvn: ;uwnl =
* six deaths « g slorm surge caused dam!w o coastal
* cargo vessel ran aground and 27 crew rescued by helicopter| | /o iog'and lod to coastal erosion, homes
= 24 00O hectares ol crops destroyed awnsh with brown water |
» airports shul down so people used buses to avacuate * traes uprooted leaving hillsidos exg '
« fears of mudslides on the voicano Nevado de Colima « banana crop severely damaged, leading to |
* 383 mm of rain in 24 h, lead to flash flooding a loss of jobs I
* total damage US$ 69 million
_ - e
r Y 2 -\\ '.\;..'; f-'" /
W ™ "” 26 October

—+>=

| E
| # track of Humicane Patricia

Figure 6.13 The track and impacts of Hurricane Patricia on the west coast of Mexico.

Questions b Suggest reasons why people in the affected |
1 a Whydo you think Hurricane Patricia formed Mm""f‘“ states had to be evacuated. .
where and when it did? 3 a Describe different ways in which the hurrican¢
b Describe the track of the hurricane using the affected the transport and infrastructure.
dates provided. b Explain why some people were worried about the
¢ Identify the state where the main track of long-term impacts of Hurricane Patricia on the
Hurricane Patricia reached land. local and national economy of Mexico. M~
2 a What strategies did the government take to * Wh‘.\"ldoh}'ou think Hurricane Patricia killed
manage the hurricane before its arrival? people than expected?
|
| . - b . . o, provi018
| 6.7 Strategies to manage the Eﬁzsaf:;s televtﬁmn 0;rad|o, rescu-r:f.e, lr:eglz e P ongee™
i ' r supplies and temporary shelte :
impact of natural hazards ol sl ooy g _u;:@“
Management strategies focus on prediction, prevention or and awareness so people can stockpile essent_lal tl:i' £
protection (the three Ps), in other words trying to deal with or evacuate safely). Strategies should be su s!ama i.
a natural hazard before, during and after the event. The improvements in technology mean that itis ,ncrea‘; i
strategies used can be short term (such as warnings by text possible to predict and protect against natu ral hat
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his is usually expensive and the Provision of
PR L’III ”;“innﬂl orinternational, is often needed for
. “lh " .-_l;..q.; process. International aid can come from
:ﬂn]wﬂt“ or charitable organisations, which
puVEE

offer varioys
.vms of assistance such as medicine,

food and shelter,

garthquakes |
segions at risk from earthquakes can be identified
.\-.:;i-.;ing plate tectonics but predictin
_#cult and prevention probably imp
:;ghlight‘i what can be done,

g earthquakes is very
ossible. Table 6.5

Preparation and
protection

* Earthquake
proof or aseismic
buildings (Figure

=g

¥ Instruments such as
seismometers can monitor
tremors. Groundwater levels
and radon gas can also be

|
|
|
|

6.14). Older
measured buildings can be
» Epicentres and the frequency retrofitted

of past events can be mapped

* Smart meters that
t0seeif a pattern is develo ping

cutoff gas supplies

* Measurement of local to prevent fires

magnetic fields * Land-use planning;
important services
such as schools
and hospitals are
built in low risk
areas

* Ahazard zone map can be
drawn based on geological

information and ground
stability

* Unusual animal behaviour

Table g 5 Managing the earthquake hazard.

constructed out of
fire-resistant materials

no bricks or
concrete blocks

flexible piping for electricity,
water and gas

Figure 6,14

.

Some features of an earthquake-proof building.

Chapter 6: Managing natural hazards

Some features of an earthquake
(Figure 6.14) include:

* rubber shock

‘proof building

absorbers at the base to ahsorh tremors
foundations synk deep into bedrock

Cross-bracing steel beams al|
as arigid structure

Computer-controlled wei

owing the building to meve

ghts on the roof to reduce shaking
construction using fire-resistant materials

* flexible piping for electricity, water and gas

no bricks ar concrete blocks,

Volcanoes

We know where volcanoes are located but eruptions are
often unpredictable in terms of magnitude and timing, Table
6.6 highlights some m: nagement strategjes that can be used.
Prediction Preparation and protection
'+ Study past eruptions of
avolcano and create a '
volcano hazarg map
* Planssuch as lava diversion |
. channels, lava barriers,
spraying lava with water
and halting laya advance

* Seismometers monitor
tremors caused by rising
magma

Satellites using heat-
seeking cameras can
measure increasing
ground temperatures

* Tiltmeters and global | by dropping concrete slabs |
Postioning systems | into the fiow
monitor changes in = Building reinfarcements,
volcano shape for example sloping roofs |
* Emissions of steam and

1o protect against ashfall

£as (sulfur dioxide) can
. be moni tored

Table 6.6 Managing the volcano hazar,

Computer-con

tmuadweeg‘ hts
on roof to red i

uce shaking

rubber shock absorbers at
base to absorb tremors

foundations sunk deap
into bedrock
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Tropical cyclones
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’ W they will form, we can track the

\S and we know what the impacts will be Table 6.7
23O The M s j
© Ol the management strategies that can be used.
ars PR e T T A T

-'r.h-":-l'_---.e\lL !t;""—'\\}:;"—'"" W \

dr‘ ”~, - - 1

ca * LVCIONe shelters

* Buildings on stilts so not flooded by
storm surge

+ Embankments built along coast
+ Preserve mangrove swamps to
absorb the energy of storm surges |

Table 6.7 Managing the tropical cyclone hazard.

Flooding

Managing flood risks involves not only in the river channel
but also the drainage basin. Table 6.8 highlights some
menagement strategies that can be used.

Prediction

+ Mon

amount of rainfall
and the changein
river discharge

=aroweces flood cantrol channels and dams
about the
characteristics - Soft engineering projects, such
of the drainage as afforestation, controlled

basin and type of
storm is valuable
for determining
the possible
severity of the
flooding

Table6

l Preparation and protection
+ Hard engineering projects
(physical structures that are
permanent, often expensive and
can impact on the environment)
such as levees, flood barriers,

itoring the

flooding of meadowland and
storage basins

- Straightening, widening and
deepening the river channel by
dredging and clearing vegetation

'« Land-use planning to use higher
| land for settlements, restrict
development on floodplains or

| increase green space

| « Use of sandbags and pumps

. Adapt houses, for example
positioning power sockets to

1.5mabove ground level

.8 Managing the flooding hazard.

Drought
1able 6.9 lists strategies for MAnaging drouphy.

| prediction | Preparation and
« Monitoring . Iﬂcreasewatersuﬂphl?!sh?
precipitation reservoirs, percolation Pongs g

3

» iedle
and pumps and use of aq”irE’S.walH
temperature transfer by pipeline, dESalinalic‘:

+ Water conservation such 3¢ Usin
storage tanks, spray irrigation
planting drought-tolerant cmp;,s
reducing deforestation anq

| increasing water recycling

|« Agricultural improvements gych 3
. planting shelterbelts to redyce ving
and evaporation, building oy banks
| across a slope (bunds) to encourzge
infiltration and fencing to contro
overgrazing

« Government stockpiling supplies of
water, food and medicine

Table 6.9 Managing the drought hazard.

6.8 Opportunities presented by
natural hazards

Despite the known risks of living in areas prone to naturzl
hazards, many millions of people around the world
continue to do so. Why is this?

« Individuals may have lived in an area all their life and
want to be near family and friends. They do not perceie
the risk to be very high, particularly if they have never
experienced a natural hazard.

» Confidence in prediction, preparation and protection
methods.

« Employment opportunities, such as in tourism as
souvenir sellers and guides, or in fishing. _

+ Anindividual may have no choice in moving if there?s
pressure on land, or it is too expansive to MOve:

+ Inthe case of volcanoes, fertile soils are created
that produce high crop yields. The scenery ca" i
spectacular, geothermal power can supply 2 che.agﬁs
of power and there is the possibility of mining min
such as sulfur, diamonds and gold. o

» Inthe case of flooding, rivers may provide 2 50"."::‘-
food, water for drinking and irrigation, commf’”‘r is
maybe easier and flat land either side of the rivé
available for building on.
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" finding out whether there is a relationship between Method
i

two sets of data
Use the data in Table 6.10 to draw a scatter
- rereraphs are used v : & scattergraph to see if
= -.‘.ﬁ ‘;E\f{:’m 5 Seesiefc':h;? ET' you ha}-'ﬁ lWFﬁ sets of data there is a relationship between the number of deatns and the
anc y eis a relationship (correlation) magnitude of an earthquake, Make sure you label the ares

between them so that a hypothesis can be proved or
gisproved. The data are not continuous like a line graph, The ~ Questions
swo variables are plotted on the x- and y-axes and each plot
1 Which earthquake led to the greatest loss of life?

s marked by a cross or dot. Abest fit line is drawn between
as many of the plots as possible. The three possible results 2 Which earthquake had the strongest magnitude?

as shown in Figure 6.15. 3 What conclusion can be drawn about the relationship
2 between the magnitude of an earthquake and the
Mmaterials number of deaths? Use data from your figure to support

your answer.
4 Explain why earthquakes of the same or similar
magnitude cause different numbers of deaths.

. Penand paper

paAIS
'
. . L
- L ]
T o x-axis
0 itive correlation o negative correlation o
itive corre . :
i correlation = when one negative correlation = w:::: 3.19
Pﬂﬁl:;ﬂ _mlaa;t;n .;u does the other variable increases the o Bcreases
variable | :
phs showing types of correlation.

Figure 6.15 Three scattergra

n pose=ter )
W ,.-T?-EP-L/
pakistel =175 271 [ e s |
ran 2003 £ s
hanistan 2002 f-f—-*"'L/’/,jL/

f | 20000

4
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Afer comple ting this chapter, you should know:

where and how tropical cyclones are form

®  how to describe the distribution of earthquakes, - ed, the
volcanoes and fold mountains in relation to the plate threats posed by them and strategies that €an by
tectonics theory to reduce the impacts
% the three types of plate boundaries and the effects of explain why flooding occurs, know the POsitive
Mmovements negative effects of flooding and explain the ifegyy
®  the causes and effects of earthquakes and understand measures used to reduce damage from flooding
the strategies that can be used to lessen the impacts = what the causes of drought are and be able y,
[ » the formation of different types of volcanoes and the impacts on people and the environment, and
| volcanic activity and how we can manage the impacts describe the strategies used to deal with dmught. |
.' of eruptions |
i
= "'--._J'.
e
End-of-chapter questions
1 Copy and complete the following paragraph using the words supplied in the [ist
below. Beware as some of the words in the list are not correct.
I The Earthismadeupof ____ layers. The outer layer is called the
and is divided into the andthe ___
Thetop layer floatsonthe _____ which is semi-molten. Molten rock is
called ;
are formed in this layer by very high temperatures. The e __ is the third
layer and extends from 2900km to 6370km down. [8 marks]
Mmagma core oceaniccrust three granite crust two continental crust
tectonic plates convection currents subduction
2 Foreach of the following features decide i it is found at a constructive, destructive or
conservative plate boundary. Some of these features maybe found at more than one plate
boundary.
a Fold mountains
b Subduction zone
¢ Shield volcano
d Earthquakes
e Mid-ocean ridge
f Composite volcano
g Riftvalley [7 marks]
3  In 1995 there was a volcanic eruption on the island of Montserrat.
a Describe three possible impacts of the volcanic eruption on people living |
close to the volcano. [3 marks
b Towhatextent do you think it is possible to protect nearby settlements
from such an eruption?
S
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Chapter 6: Managing natural hazards

/ 4  Why are tropical cyclones dangerous to people? [4 marks]

5 The following five statements contain an error, Re-write the statements correctly

a  Drought is when there is rain over a long period of time.

b Droughtsonly occur in Africa and South America.

¢ Droughtsinthe Sahel region of Africa occur when the ITCZ moves northwards.

d Drought is associated with low-pressure systems.

e ElNifio brings droughts to South America and floods to Australia. [5 marks]
6 State two short-term and three long-term problems caused by flooding. [5 marks]

7 Theimpact of some natural hazards is greater for those who live in urban areas
than those who live in rural areas. How far do you agree with this statement? [5 marks]

8 Read the newspaper report below.
16th April 2016
A major earthquake of 7.3 magnitude shook the island of Kyushu in southern Japan at
1.30 am yesterday, the focus was very shallow at only 10 kms in depth. The island has a
population of over 13 million and it was the second major earthquake in 2 days. 34 people

have been killed and 1,500 injured mainly by collapsed buildings. Heavy rain is forecast and
temperatures are due to fall with further strong aftershocks predicted.

An earthquake with a magnitude 7.8 also hit the coast of Ecuador in South America at 7 pm
yesterday. The focus was 20.6 kms down and has killed over 661 people with 30, 000 people
injured. Poor infrastructure in the region is slowing down rescue efforts.

a Using the information in the report complete the table comparing the two earthquakes.

Local time
Magnitude
Number of people who died

Number of people injured

[8 marks]

b All earthquakes have a focus and an epicentre. Explain the meaning of
focus [1 mark]
epicentre. [1 mark]

¢ The Japanese earthquake was caused by conservative plate movement, the
Ecuador earthquake by destructive (convergent) plate movement. Describe the

movement of the plates at these boundaries. [4 marks]
d What information in the report could explain why thousands of people have
refused to return to their undamaged homes in Japan? [1 mark]

e Suggesttwo items that were needed immediately after the earthquakes in
Japan and Ecuador and explain why each item is needed.

K Item 1... [1 mark)
Item 2... [1 mark]
i

[
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comparison of two earthquake events

id %

racting areas of the world, Nepal and New Zealand

Figure 6.16 The impact of the earthquake in Nepal.

Al 11.56 a.m. on Saturday 26 April 2015, an earthquake of magnitude 7.8 on the Richter scale struck the
mountainous country of Nepal (Figure 6.16). The depth of focus was 11 km, which s relatively shallow but

results in worse ground shaking than when an earthquake’s focus is deeper. The epicentre was 80 km to
the north-west of the capital cit y» Kathmandu. Severe aftershocks continued for many days. Avalanches
were triggered on Mt Everest, killing 18 climbers, and landslides blocked roads, leaving rural areas
isolated. Entire villages were dest royed. In Kathmandu there was extensive damage to buildin gs, historic
temples, roads, communications, water supply and electricity. The country’s only international airport
was shut down temporarily. Food, medicine and clean water were in short supply. Nine thousand people
died, 23 000 were injured and over 8 million people were affected, including many tourists. The monsoon
rains were due to start soon after the earthquake and many farmers were unable 1o harvest and store

the wheat crop and plant the next rice harvest. An estimated $4.1 billion of aid was donated by foreign
governments and charities but the distribution of the aid was slow because of the limited infrastructure
in Nepal. The airport was too small to take the large Iplancs used for the delivery of emergency h:u.u'.ls
and equipment, and it had been damaged. Remote villages were cut off for wc\eks because nlmf nimuld fn_:lurus
on the steep mountain slopes, and 6 months afier the earthquake many thousands were still living in
temporary shelters.
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Christchurch, New Zealand

AT12.51 pm. on Tuesday 22 February 2011, an
carthquake of magnitude 6.

3 hit the South Island
of New Zealand. The

depth of focus was S5km
down and the epicentre was 10 km

from the ciy ¥
of Christchurch. The same area of

New Zealand
had been hit by a slightly g ronger earthquake in

?«_upl(‘ﬂ'lhl‘l the previous Year. Severe |iquf:far.1it|n
occurred and much of the city centre was
One hundred and cight-five people were k
when the Canterbury Television
Suburban residents were evacuat

destrayed,
illed, 115
building collapsed.

ed and there was
no clectricity or water for 7 days, although chemical

toilets and bottled water were brought in. The local
Earthquake Recovery Authority (ERA) is now

responsible for demolition and rebuilding to higher
standards in safer areas of Christchurch ove

raloyear
period at a cost of £30 billion,

Figure 6.17 The impact of the earthquake in Chri
New Zealand.

Questions

1

stchurch,

Copy and complete the following paragraph.
At Nepal the

plate is colliding with the plate. Itisa |
plate boundary. New Zealand has many earthquakes because the =

plate. At Christchurch these plates slide past each other.
Explain the reason for the earthquakes at these different locations.

Copy and complete Table 6.11 using the information provided in the text.

Date of earthquake

|

plate meets the

Time

Magnitude on Richter scale
Depth of focus

—

Distance of nearest city from
epicentre

Short-term impacts

Table 6.11 A comparison of two major earthquakes.

How might the number of deaths in Ne

pal and New Zealand have been affected by the time at which
the earthquake struck?

What are the possible long-term impacts for Nepal and Christchurch? Explain why N
suffer more long-term consequences than Christchurch.

What three management strategies could be taken to minimise the im
Nepal?

epalis likely to
pact of a future earthquake in

The management strategy of the ERA is to have higher building standards in preparation for future
earthquakes in Christchurch. Which earthquake-proof strategies for buildings would you advise the
ERA 10 use in the rebuilding of Christchurch?
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Learning outcomes

By the end of this chap ter, you will be able to:

explain the Composition and str
explain the greenhouse effect

describe the Causes of atmos
explain how the effects of at

ucture of the atmosphera

pheric pollution angd its impact on people and
mospheric pollution can be reduced.

the environment
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~an who survived a
onic freefall

upe

s '_'n.'

The Ear 1h's atmosphere extends 1000 km upwards from th
garth’s <urface, and the Karman line occurs atan ‘allih.:;@'L e

of 100 kM above the Earth's sea-level. The Karman line

represents the boundary between the Earth's atmosphere

and what is referred to as ‘outer space’. On 24 October

1014, former Google Executive, Alan Eustace, took 1 hand

45 min to rise up through the atmosphere with a helium-

filled balloon to a height of 41.4 km. He then jumped from

the balloon and fell at speeds of up to 1287 km h™". Fifteen

minutes later he was back on Earth. Doing this, Eustace broke
| the world record for the highest freefall parachute jump by

just over 2 km, which had been set 2 years before by Felix
aumgartner. Eustace faced many dangers on his ascent and
descent and wore 3 specially designed pressurised spacesuit
with a built-in life support system. Pressure decreases with
height, so if his suit had failed above 19.2 km (the Armstrong
imit) fluids in his exposed body would have boiled. Oxygen
levels also fall as pressure decreases, and he faced therisk of
hypoxia (lack of oxygen) and freezing to death.

7.1 The structure and composition
of the atmosphere

Composition
The atmosphere is a layer of

gravitational force. Gravity an
50% of the atmosphere lies within 5.6 kmof the Earth's

surface. When the Earth was first formed, itis pelieved

it had no atmosphere but, a5 the planet cooled. gases
were released and an atmosphere began vo form. Today s
atmosphere 1S composed of nitroger {mc;:stl
of volcanic eruptions), oxygen, af
gas), carbon dioxide (cycled through photos
respiration and burning of fossil
~ dioxide and ozone are ré
because their quantity ¢an change asa res’
such as evaporation and transpiration 87
0z0ne, because of varying rates of formation, P
seasonal change. There aré minute tra
nert, gases, such as krypton- pesides these

gases held t0 the Earth by
d compression mean that

Afth_ﬂugh Eustace did not jump from the edge of space, he
did jump from above the ozone layer and above the he'ight
that civilian aircraft fly at. At 41,4 km up, he had 99% of the
Earth's atmosphere below him and he fell through two of
the four layers of the atmosphere: the stratos phere and
the troposphere.

Figure 7.0 Alan Eustace parachutes back to Earth from the

stratosphere.

atmosphere contains aerosols or solid particles (minute
particles of dust cuch as salt, fine sand and volcanic ash)
and water vapour. Table 7.1 shows the composition of the

atmosphere.

e s __-—-—r-—-]

e

R o
X KEYTERMS <
Y
Noble gas: agasthat rarely reacts with other elements
because it is stable, previously referred to as inert gases
cays containing fine particles and/or droplets that

Aerosols: sprays
become suspended in the atmosphere

———

ses in the atmosphere is

les, for example the nitrogen
Section 9.1). However, human
activities ¢ ition in many ways. Carbon
dioxide is added by burning fossil fuels and deforestation.
Growing rice an oth increase methane

levels. We €an al es by affo restation of
releasing ozone- orocarbons (CFCs).

The natural balanceé of ga

maintained by various ¢yC
cycle and carbon cycle (see
an alter the compos

so reduce some gas
destroying chloroflu

—
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Permanent Fases
Nitrogen (N, )
Oxygen (O,)

Variable gases
Water vapour (H,0)
Carbon dioxide (CO,)
Ozone (0,)

. Inert gases
Argon (Ar)

e e Ty T e
o in atmosphere ELII'.{,'J.'JLé!-". I-__;Lu_,lml_f-_l 1_!1_
TR.OG9 Needed for the grawth af plants

_Helium (He), neon (Ne), krypton (Kr)

. Non-gaseous particles
Dust

Pollutants

Sulfur dioxide (SO,), nitrogen dioxide |
(NO,), methane{_(ﬁl_—_h_} B

Table 7.1 The composition of the atmosphere.

n Structure

120 -

110 5

a0 —+

20 <

0fmmmmmm === g - - - e e — oo

1304

20.95 Produced by photasynthesis and used in respiratign
0.2-4 Source for all types of precipitation. Provides mast gf iha
natural greenhause gases. Vital to the sxistence of |ifa
0.03 Used by plants in photosynthesis. As plants are primar,
praducers they support other life. CO, 152 greenheaiss 23
0.00006 - Absorbs ultra-violet radiation
0.93 Can create an inert atmosphere that protects materials -,
Trace reacting with oxygen or other gases
.I | i + 2
Trace Absorbs and reflects incoming short-wave radiation. Watar

| vapour condenses on particles, forming droplets or ice
. | crystals, which are the basis of cloud formation

Trace Can lead to smog, acid rain, ozone depletion and the
enhanced greenhouse effect
I

- .

complicated. Based on temperatures changes, the

Atmospheric pressure decreases with height in the atmosphere can be divided into four layers, as shown in
atmosphere but temperature changes are more Figure 7.1.

140 -JRTRTE e ! — A

S,

oy

e

height varies

i e
—-—l—_mmt Ewras

T T 1
-100 -90 -B0 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50

Temparature / °C

(| Figure 7.1 The structure of the atmosphere.
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e 1“‘-"‘ e decreases with height (averaging 6.4 °C 1, ",
1np;|t‘ warming effect of the Earth's surface through
o and convection diminishes as altitude

l:r The strength of the Earth's Bravitational pull

: _'p,:_«. with altitude, and pressure declines too. |n

:J. wind speeds increase with height. The top of this

A by the tropopause, where temperatures
o fairly constant. This boundary occurs at 5 height

st § km at the poles and 17 km in the tropics, and

h“ the upper limit to the Earth's weather ang climate,

L
wocad 25

stratosphere
*nis layer extends to nearly 50 km above the Earth's
< face. Pressure continues to fall but temperatures
':-rease steadily with height. This situation is called
Et‘emperature inversion and is caused by the
concentration of ozone, which absorbs the incoming
Jrraviolet radiation from the Sun. This layer also actsasa
sneld against incoming meteorites, which burn out when
they enter the Earth’s gravitational field. The ozone layer
isdiscussed further in section 7.3. The upper limit of the
stratosphere is marked by the stratopause.

The mesosphere

This layer is 50-80 km in height. Pressure continues to
decrezse and temperatures fall rapidly to below -80 °C
because there is no water vapour, dust or ozone to absorb
e incoming short-wave radiation. Winds can reach

$Peeds up 10 3000 km h™', The mesopause marks the
“pper limit of thig layer.

The thErmnsphere
This layer is 80-1000 km in height and temperatures rise

’.Tﬂid!.}' '0.as high as 1500 °C because of the absorption of
:ﬂ“a"'UlE‘t "adiation by atomic oxygen. The thermopause
étks the upper fimiit of this layer.

T
T%auu: the upper limit of the troposphere

iy reinversion: when temperatures increase with
sh"“““": the upper limit of the stratosphere,
Hm'“'atures fémain constant in this boundary layer
ai:'“*: the upper limit of the mesosphere, temperatures
nstant in this boundary layer
t&‘"l'-*erath“u: the upper limit of the thermosphere,
Ures remain constant in this boundary layer

e

Chapter 7;

| SELPASSEBAMINT QUESTIONS |

7.1  Copyand complete the follc
the words supplied i the |;
some of the wards in the |j

N paragraph using
st helow Bewara as -
starenot corracy

The Earth's atmosphere is a mixtyre of
________ . with some Iir]u:ds anel -,n[irh' held
to Earth by

i}

followed by ——————

A gas which makes up less than 0.93%
WBlee oo - Another gas which
g e e and makes up
______ % . Plants make food from this gas i
photosynthesis. _____ iS 2 gas found
LF Ly __ that absorbs
potentially harmful ultra-violet radiation.
Ozone 78.09% oxygen gases nitrogen
thermosphere  krypton pressure argon
gravity carbondioxide 20.95% 0.03%

stratosphere
7.2 Whyis carbon dioxide an important gas for life
on Earth?
7.3 Using Figure 7.1, state the name of the layerin
which weather and climate occur.

7.4 Describe and explain how temperature changes
with altitude through the four layers of the
atmosphere.

The natural greenhouse effect

The natural greenhouse effect is the process that helps
keep the Earth’s surface and atmosphere warm (Figure 7.2).

Figure 7.2 The processes involved in the natural

greenhouse effect.
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"R fahhﬁ&EéIGCSE and O Level Environmental Management

pollutants. Pollutants that r]prr-r_II';,fj"ifJ“Ul'f.‘ the atmmlﬁhhm

The Barth rece ves incoming: short-wave radiation llutants. If the primary g i
i oliluta Ulutars. -

from the Sun. About half of this radiation is absorbed e gaest primack ;rFO chemical reactions the rP",u!rlm

by the Earth's surface, around 20% ic absorbed by the i am‘mphwmﬂ;f d s}et'nﬂﬂﬂrypolluum, ey -

L i » b i L - : 2 Pl’,ﬂ ’_} 5
atmasphere and 30% is reflected by clouds and the Earth's compounds are
1 surface, back into space.
As the Earth's surface warms, outgoing long-wave Smog

5mog (smoke and fog) occurs where the burning of foseit
fuels in industry, homes and vehicles provides additigy,
particles that act as condensation nuclei for fog to forp,

radiation or infrared radiation Is emitted back into the
atmosphere, Greenhouse Eases absorb some of this
radiation and deflect it back to the Earth’s surface. These : i ;
greenhouses gases make up a small proportion of the around. Smog is a problem ESSGCISIE’I? Wlﬂtl mdu&tnal and
atmosphere but they act like a blanket trapping the urban areas and is mc::re f!eguent uring winter monthg 3
radiation. The greater the concentration of greenhouse people use more heating (Figure 7.3).
gases, the more effectively they return radiation back to
the Earth's surface. This process maintains the Earth's
temperature at around 33 °C warmer than it would
otherwise be, allowing life to exist. Aside from water vapour,
the main greenhouse gases are carbon dioxide, methane
and nitrous oxides. The CFCs (chlorof] uorocarbons;

, gases containing fluorine, chlorine and carbon) are also

| greenhouse gases but are artificial. Ozone s a greenhouse

| gas. These gases stay in the atmosphere for differing

: amounts of time, as shown in Table 7.2.

Name of green- | % contribution Numberofyears

house gas to the green- gasstaysinthe
house effect y=lmasp here Figure 7.3 Smog in Beijing.
Carbon dioxide 65 ; 200 _r
Methane , 17 | 12 | Photochemical smog involves chemical reactions
CFCs 12 | 1000 induced by sunlight on certain pollutants that
| [ Nitrous oxides 6 | 114 _] converts them into harmful substances such as

ground-level or tropospheric ozone. This type of
Table 7.2 Some of the greenhouse gases. smog occurs during warm and sunny conditions. Vehicles
are a major source of particulate matter (PM) and
" N ————
1.5 Name two greenhouses gases.

Short-wave radiation: incoming or short-wave solar

7.6  Describe the natural processes involved in the radiation, visible light and ultraviolet radiation are Oy
greenhouse effect. called shortwave radiation
1.7 Using Table 7.2, explain why we should be Long-wave radiation: outgoing or terrestrial radiation, as the
more worried about CFC concentrations in the Earth produces very little visible light or ultraviolet radiation, 2ll
atmosphere than methane, radiation from the Earth is infrared
| Primary pollutant: a pollutant that is emitted directly from
: the source
; _ ) " Secondary pollutant: a pollutant that forms through
7.2 Atmospheric pollution and its chemical reactions with primary pollutants
causes Pmlm air pollution in the atmosphere
accompanied by high levels of 0zone and nitrogen oxides from
Atmospheric or air pollution occurs when the atmosphere vehicles and caused by the action of sunlight on the pollutants
contains gases and substances in harmful amounts, The Particulate matter (PM): amixure of very small particles
substances that cause atmospheric pollution are called and liquid droplets suspended in the air
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2nic compounds (VOCs), whjc},

e orE: . Calsp

Wmtl‘P il smog Particulate matter j Categorise

ot e particles (for example pyj « Comprise

-,111‘-“""\.1,\: ydiameter of less than 2.5 um],They canz

.ﬂ,a-:-;!:::'ﬂ:_l, oth human (for example fye| combustion ]

.--.\"‘:m Lsions, tyre wear, mining, quarryingand
ne

ot " tion and natural {fgr example sea Spray,

:nd qust) sources. Volatile Organic compouncs

¥ ce awide range of organic compounds, includin
‘_:1;{.&Th0,15' that evaporate and exist as vapour in the
.l.:a.sphem. Emissions of volatile organic compounds

af -"'I from the incomplete combustion of fuel,
t petrol tankers and fuel tanks, etc. Methan
t ertain agricultural practices, is also a volatile organic
,:--'.pOU”d' Agricultural smog can f_nrm when ammoniym
e from fertilisers and manure is carried in the air,

leakages

~eriain physical conditions can create a temperature
;,\‘.._arsign that then traps and increases the concentration
» smog, as shown in Figure 7.4. The smog may be thick
enough to block out the Sun, which gives rise to what is
inown as the ‘dustbin lid effect’. The conditions needed
ior 2 temperature inversion include:

+ high air pressure (anticyclone), which causes the upper
zirto sink

» calm conditions resulting from high pressure (winds will
disperse smog)

+ valleys surrounded by steep-sided hills, which trap the
SMOE.

Volatile organic compounds (VOCs): chemicals that easily
enter the atmosphere as gases, mainly from evaporation

Pollution is

"Perature
Inversion

FiEl.lr

Q

€, produced

sinking air under high pressure conditions

- n.
“74 Formation of smog under a temperature inversio

Acid rain

Acid rain % Pree Initation with A pk
:Z!:j:?lon 4.8) The acldity rosults fram burning foss|

»INTactories ang power statinns
sulfur dioyide and nitragen oriee
Vehicle €Missions add further ni
dry deposition. | thes
Oxygen in the atmosp

value of less than

. ‘Which relpgss
5I0ta the atmasphere.
trogen axides, This js

€ BASAS mix with water wapaur aned
ol here, weak salutions af nitric and

! are created, which can then be moyed by
winds, These solutions will eventually fall to Earth as acid

il'am and can aceyr at some distance from the source This
I5wet deposition,

Ozone depletion
In 2010 a report from
levels of stratospheri
4% lower than befor

the United Mations (UN) claimed that

C 0zone between 1996 and 2009 were
e 1980. Ozone is a greenhouse gas

that can be found in both the troposphere (‘bad’ ozone)

and stratosphere (‘good’ ozane) but it is concentrated at

a height of about 25 km in the stratosphere, The czone

layer exists because oxygen filtering from the top of the
troposphere reacts under the influence of ultraviglet
radiation to form ozone. This screens the Earth from

the Sun’s harmful radiation. The stratosphere’s ozone

is continually being produced, destroyed and replaced

by this chemical process, creating a dynamic balance
between our atmosphere and ultraviolet radiation. This
chemical reaction is greatest above the equator and
tropics, where solar radiation is strongest and more direct,
and ozone is distributed to other regions by wind in the
stratosphere. This natural balance has been disrupted by
human activities, causing the concentration of czone to
fall. The main danger is chlorine, which reacts with oxygen

—— - - -

15 -10 -5 0 5
Temperature / °C

-20
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Nsprays. CFCe are lorg lived
see Tabi iually reach the stratosphere

where uitraviolet radiat

-; on breaks them down, releasing
.- ne As orone depletes in the stratesphers, El‘fm*ﬁg
a ‘1?.':.: 'n 1985 a seasonal depletion in the laver of pzone
was founa above Antarctica. This hole allowed harmful
ultraviolet radiation to enter the Earth's atmosphere. In
the Southern Hemisphere winter. air over Antarctica is cut
off from the rest of the atmosphere by the polar vortex
strong winds sweeping around the continent. Highin [hé
stratosphere, clouds form from tiny ice particles in the
Intense cold, and on their surfaces chemical reactions
involving CFCs take place, releasing chlorine, which reacts
with the oxygen in the ozone layer. Destruction of the
ozone layer begins when the spring Sun arrives: in summer
the clouds evaporate and chlorine converts into other
compounds and the hole fills in until next year. The ozone
hole is more developed over Antarctica than the Arctic
because Antarctica is separated from the rest of the world
by the polar vortex.

The enhanced greenhouse effect

The enhanced greenhouse effect is created by the
addition of greenhouse gases to the atmosphere

through human activities. It results in more heat being
retained in the atmosphere and an increase in the Earth's
temperature (look back at Table 7.2). This is leading to
global warming and global climate change. The increase in
these gases is because of human activities, as illustrated
in Table 7.3.

| Greenhousegas | Human activities that increase
' their abundance

| Carbon dioxide Burning of fossil fuels,
i | deforestation

| Methane | Cattle and rice production, coal
. | mine ventilation, deforestation

' | and decomposition of waste

I | {landfill sites)

' CFCs | Aerosol sprays, fire extinguishers,
' | refrigeration, air conditioning
| Vehicle exhausts, chemical

| fertilisers

‘ Tropospheric ozone ' Chemical reactions involving
 nitrogen dioxides and unburnt fuel

‘ Nitrogen oxides

‘ | vapours -
Table 7.3 Sources of some of the main greenhouse gases.

Depletion: 4 redfuctonorloss
Pot..r“'t,.l: arc reufation :’.-'“:TF'T-‘-"EUFIJE'\'J&.-P_! 'fﬁ"--'j". ."P;;:
surround Antarctica and keep cold air locked in above tre

continent

Carbon dioxide is the single largest contributor to the
enhanced greenhouse effect. Deforestation can incregse
the amount of carbon dioxide in the atmosphere b".“.'.au-_-.g
it reduces the number of plants available to take caghon
dioxide out of the atmosphere. Increases in carbon
dioxide emissions account for approximately 70% of the
enhanced greenhouse effect. Scientists estimate that
the concentration of carbon dioxide in the atmosghere
before the Industrial Revolution in the late 18th centyry
had a value of approximately 280 parts per million (ppm)
Measurements in 2015 put it at over 400 ppm, the highest
ever recorded.

SELF-ASSESSMENT QUESTIONS

7.8 Whatis meant by atmospheric pollution?
7.9 Match the pollutant gas to the source.

A Burning fossil fuels

1 Methane

2CFCs B Keeping cattle
3 Sulfur C Leakage from petrol tankers
dioxide
4V0Cs D Using aerosols
1.10 Which gas causes a depletion of ozone in the
atmosphere?
7.11 Define the terms; smog, the enhanced
greenhouse effect.

7.3 The impact of atmospheric
pollution

While levels of acid rain have declined in Furope and
North America, in 2016 the World Health Organization
(WHO) issued a warning about the levels of atmospheric
pollution in 2000 of the world’s biggest cities. It is claimed
that poor air quality is killing over 7 million people each
year. Table 7.4 summarises the impacts of atmospheric
pollution.
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[’\'!Ii‘l ' e VOCS

‘ozonedepletion

pollutant
molecules: CFCs

Elir_nate change -«
Pollutant

molecules: various
greenhouse gases |

Table7.4 59

environment.

Damage to low-lying countries such as

me impacts of atmospheric pollution on people and the environment.

L ASS ESSMENT QUESTIONS

12 Describe the effects of acid rain on peopleand the ~ 7.14 Using the internet, research the possible impacts

g | Potentialimg: sople

Irritation of eyes and thiaat ine easing

. « The ability of plants to mabe and stare fnod
iespiratony diseases such as asthma

throuph phatowynthesis s reduced

« Fine particles carried into the lungs leading  « Grawth, repraduc tian and general health of

to lung cancer. Strokes and heart attar ks

plants decline, making them mare prone to
Breathing difficulties

disrase and posts
Acidification of groundwater makes water

: s+ Trees affected as foliage dies
undrinkable and can cause diarrthoea and

« Acidificatinn of groundwater damages Tree mnts
stomach upsets i Fih
= « Mutrients such as calcium are leached aur af tre

Aluminium leached from the soil into the <ail

groundwater has been linked with pre- = i d and
: X . - . E = 15 Ione L

senile dementia. St Bl e e

. e decreases as acidity levels increase
Limestone buildings are chemically
weathered

Crop yields decline

Higher levels of ultraviolet radiation causes |« Extra ultraviclet radiation inhibits the
sun burn, skin cancers, retina damage and |
cataracts (a disease of the eye that clouds
the eye's lens)

reproductive cycle of phytoplankion, which make
up the lowest layer of some food webs. This could

| affect the populations of other animals

Immune system can be suppressed « Changes in biochemical composition makes

| some plant leaves less attractive as food

\ « Melting ice sheets, glaciers and permafrost can ‘
'l_l‘f-‘a_d to arise in sea-levels

| + Sea-level rise will lead to the less of coastal land
and increased erosion

» Animal and plant species would not te able t©
adapt fast enough to the changes, leading to a
loss of biodiversity, habitat or extinction

» More severe storms and droughts

+ Changesto fishing industries if fisn species move
to different waters

Bangladesh from flooding would be

disruptive with high financial costs. Forced
migration as people lose their homes and
farmland from rising sea-levels |

Warmer weather may mean farmers grow

different crops and have longer growing

seasons. Increased droughts could lead to |

naERica s AR |« Ecosystem change could mean plant and animal
species move into new areas and new (invasive)
species emerge

'+ Warmer temperatures could allow diseases such
| as malaria to spread

Negative impact on certain economic
activities, e.g. the skiing industry

of an increase in global temperatures for the

1. ntry in which you live.
13 Why should people be concerned about a hole Countey Y
forming in the ozone layer?
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Testing the effect of different levels of acidity on the
permination of seeds

Filter paper

*  Fve Petridishes

*  Measuring cylinder

» Distilled water

*  Beaker

» 100 seeds {e.g. mung beans or cress, but make sure the
seeds are of the same species and the same age)

= Pen

»  0.5mol dm™? sulluric acid

= Syringe

Method

= Place some filter paper in a Petri dish. Using a
measuring cylinder, pour 20 cm® of distilled water into a
beaker,

+  Now carefully pour the 20 cm® of distilled water into the
Petri dish. Spread 20 seeds over the filter paper. Replace
the Petri dish lid and label it ‘distilled water’, This is your
control,

= Prepare the second Petri dish with filter paper as above
and pour 19 cm® of distilled water into a beaker. Add 1
cm’ of 0.5 mol dm™ sulfuric acid to the water (see Table
1.5) using a syringe. Stir well, Pour into the second Petri
dish, spread 20 seeds over the filter paper and label it
5% acid rain’.

7.4 Managing atmospheric
pollution

The international community

The serious nature of the problems that atmospheric
pollution creates, and the fact that they cross international
borders, means that international co-operation is needed
to combat them. There is a realisation that solutions can
only be achieved by countries working together, not least
because the countries that produce pollution are often

not the main recipients of pollution, Table 7.6 summarises
some of the main international conferences and resulting
laws and procedures on atmospheric pollution.

However, international agreement is not always easy to
achieve. Some less economically developed countries

Table 7.5 Dilution table.

+  Repeat the procedure with three more Petri
dishes. Work down the dilution table for the correct
concentration of distilled water and sulfuric acid. Labe|
the Petri dishes'10% acid rain’, "15% acid rain’ and '20%
acid rain’ accordingly.

+  Place the Petri dishes in a warm, dark place for 7 days,
Temperature, water and light must be kept the same for
all five Petri dishes.

. Draw up asuitable table to record your results. Count
the number of germinated seeds in each Petri dish and
record the results as a %.

Questions

1 Whywould you use a control dish?

2 List two factors that should have been kept the samein
this experiment.

3 Apart from germinated seeds, what else could possibly
be recorded in this experiment?

4 How could you improve this experiment?

(LEDCs) want to develop their industry and do not want
to reduce emissions. These countries may not have the
money to implement costly strategies to reduce pollution
or use more renewable energy sources instead of burning
fossil fuels,

Governments

There are many different schemes that governments ¢an
implement to tackle rising levels of air pollution. Toredu®
sulfur dioxide emissions and hence acid rain, governmen®s
can use low sulfur coal and crush and wash it before ts
burnt in power stations. Flue gas desulfurisation rnealii!ﬂEs
such as scrubbers can remove up to 95% of sulfur dioxide
emissions, and lining chimneys with lime also helps.-
Catalytic converters reduce sulfur emissions from vehic
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.' Chapter 7: The atmosphere and hurman activities

. Biternational agreement
' —.1 Geneva Convention on Long Range Controlling and reducing air pollution acrass barders by international
1 Transboundary Air Pollution corporations
a8 Montreal Protocol | Ban and controlled use of CFCs ta slow down ozone depletion
1;,;.; Rio Earth Summiit Agreement Agenda 21 passed with aim to cut environmental pallution
e - and conserve resources and wildlife habitat
1007 HjorProtora Signed by over 100 countries to cut carhon diaxide emissions by
= 5%, compared with 1990 levels. Each MEDC was allotted a target
on emission reductions. Some LEDCs such as China were given no
. - targets and allowed to increase emissions
1099 Gothenburg Protocol | Aimed to reduce pollutants and levels of acid rain and tropospheric
—— - - | ozone o
= 09 Copenhagen Conference MEDCs and some LEDCs agreed to limits on greenhouse gas
emissions, To assist LEDCs with the reduction, 330 billion was offered
as aid by MEDCs, increasing to $100 billion by 2020. However, not
— —r legally binding o - o _
2015 Paris Climate Conference 195 countries agreed to limit rise in global temperature to 2 °C. EU
will cut carbon dioxide emissions by 40% by 2030, the USA by 28% by
2025, and China agreed their emissions will peak in 2030. Countries
| will meet every 5 years to discuss progress

Table 7.6 A summary of major international conferences that have taken place on atmospheric pollution.

a5 czn the use of low-sulfur vehicle fuels. Particulate filters
czn be fitted on diesel vehicles.

Tocombat ozone depletion there has been a global reduction
inthe use of CFCs. Alternative processes have been introduced,
forexample pump action sprays, or alternative materials are
used, for example alcohols and hydrochloroflorocarbons
[HCFCs). Safe disposal of items containing CFCs, such as old
refrigeratars, has also been encouraged.

To reduce other pollutants, such as carbon dioxide,
governments can implement a comprehensive public
transport policy, with the creation of cycle lanes, bus

Increased use of renewable energy (see Section 2.1) and
nuclear energy can be attempted through government
policy, as can an increase in carbon sinks through
reforestation and afforestation. Carbon capture and
storage can be implemented: this is when waste carbon
dioxide from power stations is transported via pipelines to
storage sites. Laws can also be passed to reduce emissions
from industries, and new industrial areas can be located
on the downwind side of urban areas.

Individuals

lanes, metro systems and trams. Electric or hybrid cars
€én be encouraged, as can the use of biofuels. A higher
1930 tax discourages more car ownership and vehicles
tan be deterred or banned from certain parts of cities by
#Ctions such as pedestrianisation or the congestion charge
""London. To reduce the level of PM10 particles in Paris in
2015, ol vehicles with odd-numbered number plates or
€é11ying more than three people were permitted to enter
©City. The speed limit for vehicles in Paris was 20 km h
; hecity, To encourage people to leave their vehicles at
"€, public transport and residential parking were free.

in

Governments can encourage individuals through
campaigns and advertising to be more energy efficient
in their homes (see Section 2.4) and to be aware of
personal carbon footprints. A carbon footprint is

a measure of the impact our activities have on the
environment. It calculates all the greenhouse gases
we are expected to produce through our activities and
measures them in units of carbon dioxide. Reduce,
reuse and recycle (the 3Rs) should be encouraged. In
agriculture, farmers can replace chemical fertilisers with
organic fertilisers.
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Figure 7.5 The distribution of acid rain in China.

China is experiencing rapid industrialisation. In 2011
China’s government published a report that claimed

that 258 Chinese cities were sufferi ng from the effects of
acid rain. The acid rain falls in the south and east of the
country, where the majority of the population, industry
and power stations are located (Figure 7.5). In 2014 China
was the world’s largest energy consumer, accounting for
23% of all global energy consumption, and the dominant
fuel is coal, providing 66% of the country’s energy
consumption. When the coal is burnt in factories and
power stations, it releases sulfur dioxide and nitrogen
oxide, which form acid rain. Expanding car ownership is
also leading to high emissions of these gases.

The effects of acid rain in China are numerous. Lakes
and rivers have become more acidic, killing fish, crop
yields are Jower and commercial timber is being lost as
trees die. Structural damage to buildings is being caused
by chemical weathering. The 71 m high and 28 m wide
Leshan Giant Buddha, which has stood for more than
1000 years, has been badly affected (Figure 7.6).

China first attempted to reduce sulfur dioxide emissions
in 2007, before the 2008 Beijing Olympics. In 2011, as
part of the government’s Five-Year Plan, ambitious
targets for emission reductions were set. Several

Figure 7.6 The Leshan Giant Buddha is starting
to show the effects of acid rain.

B
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Chapter 7: The atmosphers and fuman activities

Questions

Using Figure 7.5

vdescribe and explain the
distribution of

ackd rain in China.

& Using Figure 7.7 and your own knowledge,
explain how acid rain is formed.

b Should people outside China he worried about
acld rain, and, if so, why?

The Chinese government has implemented various
Strategles to try and reduce acid rain levels in its
country, Choose one of these strategies and describe
how it might help reduce acid rain levels in China.

Figure 7.7 The formation of acid rain,

After completing this chapter, you should know:

. u thecomposition of the atmosphere
~ ® the causes of atmospheric pollution, including
" smog, acid rain, ozone depletion and the enhanced
. greenhouse effect
= how to carry out a simple ﬂpe_ﬂ'“'“m'h”the
effect of different pH levels on mdi_Fﬂa

about the Impact of various atmospheric pollutants on
people and the environment

|
i
about strategies for the management of atmospheric |
pollution that can be used by the International .
community, governments and individuals. '
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End-of-chapter questions

1 Table 77 shows the composition of the atmosphere. Copy and complete the m'.‘.sing

gases, formulae and abundance. u""“"hq
N, 78.09%
Oxygen
Argon
H,0
Carbon dioxide €O,
CH, Trace
Qzone 0.00008

Table 7.7 The composition of the atmosphere.

2 Look atFigure 7.8. It has axes of temperature against altitude and the names of the
four layers in the atmosphere.

130 -

120 +

110 -

100 -

90

> thermosphere

70 -

Altitude / km

€0 +

50 4

10 ¢

sea level

>+ mesosphare

Temperature / °C
Figure 7.8 Graph showing temperature against altitude,
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Copy the diagram and draw 3 line

lorepresent the -
ith i 3 . ] i e s chan Esintemoeratyre
withiincreasing alttude in the atmosphere. On your dismearn tper
temperature inversion, j gram label 3

g l EIS Ufa. i |

ol e i Frublems caused by air pollutioninurban areas.  [3 marks]
Ways agriculture can cayse air pollution. [3 marks]

Copy a'nd complete Table 7.8, which shows the differences between ozone
depletion and the enhanced greenhouse effect. [12 marks]

Type of radiation involved

Atmospheric layer that
absorbs the radiation

Direction of radiation
when absorbed

Pollutant gas
Action of pollutant gas

International agreement
to combat problem

Table 7.8 A comparison of ozone depletion and the enhanced greenhouse effect.

Suggest four reasons why people are concerned about increases in global

temperatures. [4 marks]
Why are international attempts to reduce atmospheric pollution not always
successful? [4 marks]

S
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wphenc pollution in the Arve valley, Chamonix, France

Figure 7.9 Atmospheric pollution in the Arve valley. |

Chamonix is a long established, all-year-round tourist town. In winter the area is famous for skiing and
in summer people visit for the scenery and activities such as walking, mountain biking, hang gliding and
climbing. However, it also has some of the worst air quality in France (Figures 7.9-11). The daily limits
set by the European Union (EU) for certain atmospheric pollutants are exceeded on a regular basis in the
Arve valley. The pollution comes from three main sources.

1  Nitrogen dioxide generated by vehicle emissions. The main motorway link between France and Italy
runs through the valley and up through the Mt Blanc tunnel, just south of Chamonix. Up to halfa
million trucks use the route each year and over 5 million people visit the valley annually. Skiing at
Chamonix is split into five separate resorts, which means vehicle transport is needed to access the ski i

areas.
2 Particulates from domestic activity, such as heating from wood fires and burning green waste. The r
valley also contains a dense concentration of metal working industries that supply parts for the ;
aviation and vehicle industry. -
Benzo(a)pyrene(BaP) released from industry, vehicle exhausts and domestic wood and coal fires.

—
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Figure 7.11 Cross-section through the Arve valley.

The pollution is made worse by the geography of the valley. When there is high pressure a.nd low m:d
speeds, and during the night in winter, the steep valley sides trap the po‘] lution, as showhn in Fl%ure 11,
Inthe Arve valley, between 60 and 80 premature deaths are caused by o P"_“““"“ e Y::i o a" .
population of 155 000, The effects on human health caused by the pollﬂtwfl include mcr]:a ;T irritations,
breathing difficulties and asthma. The pollution can also lead to coronary '“f;']mff- M A
I peaple are ill they cannot work, so there is an economic loss involved as well as increa A
Tourism can start to decline because visitors stay away. _
Planof Potection of the Atmosphere was devised in 2010 to reduce pollut::::. ——

P,:h“': transport is free in the valley and carries up to 3 million people each year. Many

clectric,
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rianiced and the aumber of cycle lanes has been increased.
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ol o Tocal erant of 200 of the total costs for homeowners wha install
tems, particle filters, solar pane s and insulation I
|
\v.__"1' ¥
|
1 a  What are the three main pollutants in the Arve valley?

b Copy and complete Table 7.9, which shows the sources of the three pollutants in the Arve valley. {

PM10 particles Benzo(a)pyrene

Nitrogen dioxides

| Transport f 85% 12% i
i Domestic 56% 21% i
| Industry 6% 21% i
Table 7.9 Sources of pollution. |
¢ Using Table 7.9 match the three main pollutants to the main sources.
Nitrogen dioxide = |
Particle PM10 = |
Benzo(a)pyrene= |
2 a Using Figure 7.11, what is the name of the phenomenon shown? }

b At what height does this phenomenon occur in the valley?
Explain how the geography of the valley makes pollution worse and why pollution is often worse in winter in

the Arve valley. 1
3 a Suggest how atmospheric pollution might affect economic activities in the Arve valley. :

b What strategies have been used to reduce pollution in the valley?
Table 7.10 shows the number of days each year in the Arve valley when nitrogen dioxide levels exceeded the

WHO recommended safety limit of 40 pg m™ (micrograms in each cubic metre).

| Number of days per year safety limits

[ for nit rogen dioxide are exceeded

2008 33
2009 40
2010 49
2011 53
2012 57
2013 52
2014 49
2015 37

Table 7.10 Number of days per year safety limits for nitrogen dioxide are exceeded.

Draw a bar graph to show the data. Remember to label your axes and give your bar graph a title. :
d  Using evidence from your bar graph, how successful do you think the strategies used to reduce atmospheric 1
pollution in the Arve valley have been?

_n——'_".",
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Chapter 8

Human population

Learning outcomes

By the end of this chapter, you will be able to:

* eplain that human populations grow in a similar way to those of other species

describe changes in human populations in terms of birth rates, death rates and migration
describe where in the world people live

- EJltplain differencesin population structure between different countries
discuss the need to control human population growth, and the strategies that could be used to do this.

Scanned with CamScanner

Scanned with CamScanner




| ,,‘.1.!

the Phubippines on 31 October 2011, Danica M,'gy

mache was borm and was designated by the United
Natiens (UN) as the world's 7 billionth human A cake with
"B Phalippines’ written on il was made to commemorate

thiz event. She also received a voucher for some free
shoes

Knowing that she actually was '7B’ was not easy, witha
daily global birth rate of over 350 000. On 12 October 1999,
the UN secretary Kofi Annan visited Fatima Newic, who
had been proclaimed the 6 billionth human, but it is now
thought that that particular milestone had already been
passed a year before. However, these symbolic events

are designed to focus attention on the growth of world
population,

With 350 000 births, but only about 155 000 deaths, every
day, the population is growing at about 73 million year™.
Can the Earth support this rapid growth in population?
Furthermore, the problem is greater than just the
numbers involved. There is also the issue of wealth

and advancements in technology that lead to people's
continuous desire to be better off.

8.1 Changes in population size
Growth

With an organism that reproduces by splitting into two,
you can easily see how exponential growth occurs. If you
assume that the splitting into two happens every 30 min,
then you can estimate population growth over time. After
10 h (600 min) of this doubling, the numbers will be as
shown in Table 8.1.

EEPGTUToE

LU_ B (N A
30 | 2 o i
60 | R
.|“9-U - 8 o R
1120 | 6
(0 | o 0
F R

| 210 | 128

EZ R R
| 270 I [N .
N 1024

Estimates for the future world population vary. The highe.,
estimate suggests 14 hillian by 2100, while the lowes Bveg
afigure of only 6 billion. Wealth is expected 1o double by
2020, Some believe that the impact of this rapie growth
size of the human population is already as significant ¢
past major events, such as those that lead to the estine e,
of the dinosaurs 65 million years ago

Figure 8.0 Danica May, the 7 billionth baby.

Time/min: Population number

330 ] 2048

1360 I 4096

1390 ' o812

| 420 1 16384

450 s

80 65536

510 B BlO72
540 - | wu4
O | suw8 |
600 1048576

Table 8.1 Population growth.

Y o s se s

Exponential growth: when the growth rate of a population
increases rapidly over time

Population: all the organisms of one species livingina
defined area
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w this growth looks like as 5 araph
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a8l population growth over 600 min at a division rate
Figv :
ufoﬂﬁ-' every 30 min.

.« what population growth looks like in nature? This
nol actuaﬂ}' often been seen in nature, because most
qulations have reached their maximum size long before
,I,,h «te start investigating them. One study followed
;e reingeer released onto St Matthew Island, near Alaska,
. 1242 By 1963 there were 6000 reindeer. The graph of
.._-!:*.deer growth is shown in Figure 8.2,
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Figure 8.3 Growthina laboratory study of a single-celled
organism called Paramecium.

In the laboratory many studies have investigated
population growth, and all show this pattern. In the ideal
curve for the population growth of any organism, the lag
phase happens as the organism becomes used to a new
environment. The log or exponential phase occurs while
all requirements are in superabundance. The stationary
phase is when the population is in equilibrium and has
reached the carrying capacity of the environment

Carrying capacity
All studied populations show an S-shaped curve with
a number of identifiable stages, as seen in Figure 8.3.

€ D

Lag phase: the period of time in population growth when an
organism is adapting to its new environment and growth is
slow

Log growth: when the growth rate of a population increases
rapidly over time

Stationary phase: when the growth of a population has
slowed to zero
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E and O Level Environmental Management

..'! 11 ™ .1"|"'|||-“ ,1|'“.|!I"','1

s tood, shelter and nest sites 1t
carrying capacity 1he ATYIng capacity
npopulabion size of any species that 1he
oot wil ot damage Populations

CEAPECERd to S1op growing at some point. The
T laboratory study shows this (Figure 8 3) In
im expenment, exponential growth started
16 siow down at about 6 days and population growth
stopped altogether after just over 8 days. After population
£'owth stopped there was neither growth nor decline. In
nature, after the exponential growth phase the population
Hluctuates up and down rather than remaining steady asin
laboratory examples.

e e a e s
Bl WL ™

Sometimes, if natural limits on population growth are not
present, the population size might exceed the carrying
capacity. The reindeer population shown in Figure 8.2
shows this. The consequences of exceeding the carrying
Capacity can be devastating. Humans have consistently
managed to exceed the natural carrying capacity of
virtually every area in which they live. This is because of
our use of technology, especially that associated with
agriculture. In 1798, Thomas Malthus predicted that the
human population would actually grow faster than its
food supply. This has not proved to be true, because the
advances that have been made since then could not have
been predicted by Malthus. Food production has grown
much more rapidly than he expected, largely due to

SELE-ASSESSMENTQUESTIONS'

B.1 Figure 8.4 shows the change in size of a human
population and a small mammal population over
time. Compare the two graphs and explain any
differences you can see.

8.2 In 1937, in the Machakos Reserve in Kenya, much
of the natural woodland was removed and
replaced by sparse grassland. Livestock numbers

- ——
. B s v
EY TEN -

ﬂ"‘!"‘l tlpld'l‘lt the mavimum 4178 ola populatinn that
an pavironment can supportin terms af faod, water andg fithes
fesaurces

advances in plant breeding, the use af chemical fertilisar
improved irrigation and all kinds of mechanisation (ses
Section 3.4)

History of human populations

About 10 000 years ago there were about 5 million peaple
living as hunter-gatherers. Significant points in the growth
of the human population since then are:

« about 6000 years ago humans started to grow crops
and keep animals, which provided more food and
allowed the population to begin to grow

+ by the time the modern system of counting years
started (just over 2000 years ago), the population was
about 250 million

+ itthen took another 1800 years to reach 1 billion
(1 billion = 1000 million)

+ after this, growth became very rapid

+ by 1930 it was 2 billion (just 130 years to double)

« by 1975 it was 4 billion (doubling in just 45 more years)

« attime of writing (2016) it is well over 7 billion, a rise of
3 billion in just 37 years.

were considered to be far in excess of the carrying
capacity. Explain what is meant by ‘livestock
numbers were considered to be far in excess of
the carrying capacity’.

8.3 Suggest why the population of a herbivore
introduced on to an island may grow to a size at
which it starts to damage its own food supply.

; :

2 human % small mammal
=

'E —

E L

2 g

E 5

2 z

Time :

Figure 8.4 Two population growth curves.

Time
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+ Figure 8.5.
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othe present day. — estimated — UN. high — U.N. medium — UN. low — actual
.. ~octstriking feature of Figure 8.51s how similar the Figure 8.6 The three scenarios predicted by the UN for the
,.f.;.f.'of growth in the human population is to that world population in 2100.

" animal studies. The only difference between this
:,:--,fs:' humans and that for other animals is that there

<nosign of levelling off. The similarities in growth curves Figure 8.7 shows a 5 min period on the evening cf 1
zgest that future trends in human populations will be January 2016. It also shows a population prediction, made
',z ose found in other animals. Human population on 1 January 2016, of what the population will be cn 1
gowth is therefore ex pected to slow down and settle into January 2017. Other population clocks may show slightly
znequilibrium, thatis level off. different estimates.
T2 UN predictions for the human population in 2100 Rates of increase are often expressed as 2 percentage.
r2s¢¢ on all the evidence available are shown in Figure 8.6. Using the figures given above, the rate of natural increase is:

73000000 .

' increase = ———————=0.01 x 100 = 1% per annum
Bl{tllrate and death rate ; 7000000 000

"cividuals are born and others die every day. In 2015 . b e
zuoutfour babies were being born every second, which is The official figure in 2012 was 1.103?&. w;tt;: birth rate of
200t 350 000 every day. This is the birth rate. The birth 1.915 and a death (mortality) rate of 0.812%.
"éeis partially balanced by the death rate which, in 2015, ) i
%253bout 150 000 every day. The difference between Factors affecting birth rate_and death rate
"&£ two rates is the rate of natural increase. For the Awide range of factors affect birth rate:
"ridin 2015 it was approximately: . in countries with a high death rate for the very 5_foung
#4000 - 150 000 = 200 000 day™ (the infant mortality rate), birth rates are also high
Thisis about 73 million extra people in a year. « in agrarian (farming) economies of many less

) economically developed countries (LEDCs), more
people are needed for manual labour, and s0 families

tend to be larger
Bthrate: the total number of ive births overtime

fate: the total number of deaths over time ¥
of natural increase: the birth rate minus the death rate

DCs)itis

in more economically developed countries (MEDC
pvided

expensive to have children and pensions are pr
by the state
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so both birth and death rates, are lower
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whereas in M EDC < birth control i

Human Population

7,211,682,743

[ UnFreeze

|January 1, 2016 19:05.21

| (Do this time )
Human Population

7,211,683,382

Un/Freeze
{January 1. 2016 18:10:24 | (Do this time )
™ Human Population
7,278,451,803
[January 1, 2017 19:1024 | (Do this time )

Figure 8.7 Screenshots from the world population clock

at http://galen.metapath.org/popclk.html (accessed
July 2016).

Migration
Population growth (or decline) is the result of the balance

between birth and death rates. Table 8.2 summarises the
three possibilities.

When .. | The population ...
| birth rate = deathrate | staysthesame I
| birth rate > death rate | grows 1
| birth rate < death rate | declines

Table 8.2 Different population growth scenarios.

In real populations, however, the situation Is maore
complicated Lec ause of the movement of peaple into and
out of an area This s called rrligration Taking this intg

ronsicderation, the population growth equation Ch1rgf‘1. i

population growth = birth rate - death rate

lo:

population growth =
rate + emigration)

(birth rate + immigration) - (death

where:

+ immigration means people entering an area from
outside

+ emigration means people leaving an area from inside.

Push and pull factors

How population change can affect the environment is
considered later in the chapter. Here, how environmental
factors can drive population change is discussed. The most
common form of human movement, worldwide, is from rural
areas to urban areas. This is largely because there are gften
more problems in rural areas that people want to move
away from (push factors) and a perception, by people living
in the countryside, that life will be better in the city (pull
factors). There are other types of migration, including urban
to rural, which is now more common in some parts of the
world, for example in Botswana, Table 8.3 shows some of the
major rural push factors and urban pull factors.

Push from rural to'tirban ™| Ul from rural to tirban

| Drought/famine | Good supplies of food

L. | whatevertheweather
Poverty | Well-paid jobs

| Poor links with outside | Good roads

world - .
Poor services | Hospitals, schools, ;u;te_r

. ) _|electricity |
| Work on the land only, Factory, shop, office work |
subsistence for awage 1
Desertification B - ],
Sea-level rise ‘ '
Seasonal weather events | o comparable pull factors |
such as monsoons, i
cyclones, etc. 4

Table 8.3 Major rural push factors and urban pull factors.
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1kl i i
~ L ation: here populations of people either do of do
pistr!

pot Ve

e factors listed are directly environmenta|

~ole drought, sea-level rise, weather events and

: -ation) or are induced by environmental change

mple famine). In this way environmental problems
. ...se population change, resulting in growth of the

" sopulation as a result of immigration, and a faj| in

...zl population as a result of emigration. In the future
. ely that climate change (see Section 7.2) will lead

84 Figure 8.8 shows the global human population
over the last 2000 years.

o g gulmngmgmlé g g

e l
—

0 200 400 BOO BOO 1000 1200 1400 1600 1800 2000
Year CE

Figure 8.8 The human population of the world over the
Iaﬂimn years,

3 Suggest possible reasons for the change in

the population between common era (CE)
1200 ang CE 1400,

b Caleylate how many times bigger the

Eﬂpulation wasin CE 2000 compared to its
Size in CE 1800.

Chapter 8 Human population

© Explain why the population prey
betwoen €t 1800 and CF 2000

List two push and two pull factars thay could
lead to migration

0 rapielly
8.5

B6  Explain why the popul

declining even though
death rate,

ation of an area may he
the birth rate exceeds the

to dramatic changes in the environment

: and thus create
environmental migrants as

a consequence.

8.2 Humqn Population distribution
and density

Density

The density of 2 population is worked out by dividing
the number of people living in a place by the area of that
place, but it is important to remember that these figures
just provide an average value. The population de nsity of
the USA at the 2013 census was estimated to be 33 km™2,
However, Figure 8.9 shows the current density in different
regions of the country. In some parts of the USA the
densityis as high as 467 km2 while it is aslowas2.3km™
in the state of Wyoming, for example, Figure 8.10 shows
that even the figures given above hide a lot of variation too,
with some parts of the state of Wyoming having densities
of over 5000 km2 and others densities of less than 1 km2,

Across the world as a whole, the average density of
humans is about 50 km™ of land (that is, not counting
the oceans). The highest density for any country or
territory is that of Monaco at nearly 26 000 km2,
while the lowest is that of Greenland at 0.03 km2, The
population and population density of the ten most
populous and the ten least populous countries in the
world are shown in Table 8.4.

Distribution

The population distribution of an area is how the
population is spread over that area. Worldwide, there are
vast areas, such as deserts and mountains, where very few
or no people live. On the other hand on coasts, especially
where there is a port or near sources of fresh water,
populations are very high. Figure 8.11 shows the areas of
high population density around the world.
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Figure 8.10 Population density in different regions of Wyoming, USA. Source: U.S. Census Bureau.
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Population

Chapter 8: Human population

Density perkm= | Density rank of 233

B China m— 1401 586 609 146.05 80

'* "~ India 1282390303 390.11 28

2 ' United States of America 325127634 | 3377 176

: ~Indonesia 255708785 13426 | 83

© prazil 203657210 | 2392 186

° Pakistan 188144040 | 23633 | 53

: Nigeria | 183523432 | 19867 | 68 ‘
- ~ Bangladesh 160411249 | 111398 Z
. ~ Russian Federation 142098141 | 8.32 | 215 i
0 ~ |Japan B | 126818019 | 33561 | 39

2 | Wallisand Futuna Islands | 13153 | 6577 .

535 ~ INaun 10122 482 | 23

226 | Tuvalu 9916 | 381.39 | 31

97 _ ' Saint Pierre and Miquelon 6049 | 25 | 184

228 Montserrat 5176 | 50.75 | 153

5 | Saint Helena 4124 | 338 | 175

230 Falkland Islands (Malvinas) 3058 | 0.25 | 232

o Niue 1273 | 49 i 219
32 Tokelau 1250 104.17 ' 101

23 Vatican City [ 800 1818.18 7

Table 8.4 Countries ranked by population as at 2015 (source http://statisticstimes.com/population/countries-by-population-
density.php) (accessed July 2016).

-
-.P.
"ﬁ({
r— P

Fipy
Bureg.1) vhe human population density in different regions of the world.
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BT Lsplain the diflerence hetween population
density and population sia

8.8  Use Table B4 toanswern the followlng questions
a Calculate the area in km? of the USA

b Which country in the world has the lowest
population?

B.9 [xplainwhy Table 84 shows the world's maost
populous country but not the one with the most
dense population,

8.3 Population structure

In addition 1o their size, populations have a structure, The
structure describes how the population is made up in
terms of ape and sex, and can be displayed in a diagram
called a population or age pyramid. Fipure 8,12 shows
an example, with males and females, one on each side,
and 5 year age groups going vertically.

ago

Figure 8.12 A generalised population pyramid,

f fall intes thiree rnaln € ategeirioe

feapalation [rgrariie
papanehing, (or Jonirig poplations, SEatianany populations

anel contrar ting for old) poge latioons (Fagtre 818 Afghan,
B o Ly al fryrarniel for al D _-mr_h ahigh proponion
of young prople e el o high birth rate. The USAhas
a population that 14 alimerd stationary, with a reetangly
al thes top whien older people diein Japan,
secase of low birth eates, aed g,

r;lF|

shape, excep!
(e popuilation i dee hining 1
pyramid i 1op heavy Lot e
it), from bottom to top, it can be divideq

o el Jone elesath rates,

Loakingt al a prpranm
conyeniently inlo three graups. Ihe young, up to about

aehool ape (1416 year old, depending on country), the
‘midele aped’ (about 16-6%) and then the old, over 65 g
practical terme the young, and aold are dependent, vhorey,
the middle aged are Independent and working, The young
use money, in the form of tazes, paitl by the middle aged,
for education. These taxes support the old as well,

[he differences in age structure present different
challenpes for governments of LEDCs with young
populations and MEDCS with older populations, In LEDCs
with a young, population, provision of school places far the
many children who will be reaching school age is likely to
be a priority. In MEDCs, the ageing population will puta
strain on hospital and care-home places, making those a
priority. Money from taxes paid by the middle aged may
need to be used o address these priorities.

SELF-ASSESSMENT QUESTIONS

8.10 Explain the difference between dependent and
independent members of a population.

(a) (b) ()

100+

05-i10 |

| 00-04 .
7579 7570
70-7 70-74
6500 _| 65-00
6064 | 60-04
55-50 bh-50
50-54 _| BO-54
45-40 A4
AD-45 AD-4%
35-30 — e 3500
=1 10-74
25-20 = 26-20
20-24 = 024
156-10 16-10
10-14 10-14
649 &9
04 0-4

R srmmm——— —
aq 2 1 0 1 2 a8 (1] 2 0 0 2 L] ] I} i 4 2 o
Population / millions Population / milliona Population / millions

[ male [ female

] male [ fomalo

[ male [ female

Figure 8.13 Population pyramids showing, countries In which the population Is (a) expanding (Afghanistan) (b) stationary

(USA) and (c) declining (Japan).
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_.otch to show the shape of a population
_‘JI :‘”‘ ik 1 a:

b MEDL ) o
- , why a population pyramid is unlikely to be

h1 . f
812 .11y the same on either sides of the central axis,

prat :

<etch the shape of a population pyramid for;

; 5 country in which the population is expanding
b acountryin which the population is stationary,

. s Managing human populations

- aanulation growth can be seen as a problem. Usually,
e ;-.--:-.s are about the impact of the increasing numbers
p on global resources and the environment, as
- s3ad elsewhere (for example Sections 3.5and 7.3).

.....

..~_znt to be too slow. There have been many attempts at
. levels of society, for example in cities or countries,
- mznage population size.

Family planning

Family planning is the strategy a couple uses to plan how
=27 2and when to have children. Although family planning
:sometimes taken to just mean contraception, other
~z1h0ds are involved. In its widest sense family planning
150 ncludes sterilisation and abortion. The application of
zsstec reproductive techniques (in vitro fertilisation or IVF)
7250 be thought of as a form of family planning. Although
=7y planning is usually associated with the choices couples
TEE, governments can intervene in many ways. Some
£-Emments provide free contraception to all couples, while
" “ner nations contraception may be generally unavailable.

'mproved health and education

“odious effect of improved health care and education
"~Cs2em to be a rise in the population, because it is
:' ,a ower the death rate. However, this is often not the
... Gucation makes people more aware of methods
,,.‘.‘ff” be used to limit family size. In addition, educated
:‘-'-r_é?f:zay Plan a career as well as having children, the
ta ... -duently limiting how many children are born.
::E? tan also lead to a tendency for later marriage
e, e child bearing. Health care, especially of
’L..:. u:?fj ® the age of 5, tends to reduce growth as well
“Mtmortality is high, the response is for couples

10 h,]\l’[\ I"I"Ii]fw l:’_h||[l”'l|"|l Wh"an i! i% rﬂc!”rprt h’? hp"l;\r hp_,alth

care and sanitation, the trend goes the other way.

National population policies
In countries where the population is declining, the
government may try to remedy the situation with a

Pronatalist policy. Where the population is becoming too
large, antinatalist policies may be used.

Pronatalist policies

In France, the government had concerns that the country’s
population was declining and would be unable to sustain
itself. It decided to try and raise the birth rate by encouraging,
couples to have more than two children, and so increase the
population. Parents are paid the equivalent of the minimum
wagefora year after they have a third child. In addition, they
enjoy subsidised train fares, pay less tax the more children
they have, and subsidised day-care. The birth rate has now
increased to be one of the highest in Europe.

Antinatalist policies

A more widespread problem outside the MEDCs is 2
population that is increasing too fast. In such countries,
antinatalist policies are often used. These policies

take many forms, from quite weak measures such as

the provision of family planning, contraceptives and
education, to laws encouraging couples to only have cne
child. Some countries have no population policies at all
and their birth rates are usually very high.

Population pyramid: a diagram that shows the proportion of
the population that is male and female in different age groups
{usually 5 year intervals)

Age pyramid: a diagram that shows the proportion of the
population that is male and/or female in different age groups
(usually 5 year intervals)

Dependent: those people in the population who are not
economically active (working) and so rely on the those who are
working for their needs

Independent: those people in the population who are
economically active (working)

Family planning: methods used by a couple to decide when
and how many children to have, may be practised by couples
and encouraged by governments

Contraception: arange of methods used to prevent pregnancy

Pronatalist policy: a national or regional policy that aims to
encourage couples to have children

Antinatalist policy: anational or regional policy that aims to
discourage couples from having children
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The one-child policy in China

'y the early 1970s the population of China had
teached almost 1 billion, The response of the
povernment was quite simple. Couples who had
only one child were rewarded with money and
ather benefits. Those who had more children
than this received no such rewards and, in m
cases, were fined. It is estimated that about
300 million fewer Chinese are alive loday (2016)
than there would have been if the policy had not
been implemented. Predictions suggest that the

population of China will begin to fall in about
2030.

It can be concluded that the policy has been
successful, but there have been many problems. In
rural areas, people rely on young family members
to work in the fields. This meant that the one-child
policy had to be relaxed in such areas. As a result
the plan to limit the population to 1.2 billion was
not achieved. There will also be problems in the
future, when one person may have both parents and
four grandparents to look after alone. In the past
most older people lived with their family, but it is
likely to become more common for older people to
live in some type of nursing home.

The natural preference for boys in rural
communities has meant that many girls were
abandoned and have been raised as orphans.
Men now outnumber women in China by many
millions.

any

E PRACTICALACTIVITY 8.1

Seven billion and counting

The world population is assumed to have reached 7 billion
in October 2011. Danica May Camacho of the Philippines was
designated as the 7 billionth human,

Materials

« Access to the internet

« A3or larger sheet of paper
+ Marker pens

Method

+ Ifyou go to the BBC website (www.cambridge.org/links/
scspenv4002) you can find out what number in the
world's population you were when you were born.

| predictag -
actuall . Fogy.

|
'__——.1
2%02050

400000000 : , y
1950 1970 1990 2010

Year

Figure 8.14 The actual and predicted growth of the
population of China from 1955 until 2050.

Questions

1 Use the information in Figure 8.14 to:
a  calculate the predicted increase in the population
of China from 2020 until it starts to fall
b  calculate what the population of China would
have been in 2015 if the one-child policy had
not been implemented.

2 Inlate 2015 it was announced that the one-child
policy was to be abolished and people would be
allowed to have two children. Suggest three reasons
why you think this was done.

3 Suggest why the one-child policy may have been
more successful in China than it would have been
in other countries.

* Onalarge sheet of paper (at least A3), draw the world
population size from 1500 to the present day. You can
get help with this on the website.

»  Markyour birth number on the world population time
line,

» Choose five historical world events and five events

from your country’s history. Mark these events on your
poster.

Question

1 Estimate the world's population at the time your chosen
historical events happened. For example, when the
Second World War ended, the world population was
about 2 300 000 000.
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Jercompleting this chapter, you shoyyg i,

. ow populations grow in nature and thay the
napulation is no exception to this pattern »
hat limits the size of natural populations size) "y of 2 poputation i (3% op0nmed 19

: e pattern of human population growth oyer thelast " how human

human

10000 years
. what the birth and death rates are and what factors . :: Populations are structyred in .
them age relation t gender
affect e o Mowadity |
. that population size can change because of immigration human poputations are mansged

and emigration, and the push and pull factors involved

End-of-chapter questions

1 Why does the birth rate need to be above 2 in order to maintain human

populations at a constant size? [2marks) |
: |
2 Distinguish between the density and the distribution of a population. [3marks] |
|
3 Explain why Russia is the world’s 9th largest country by populaticn size but | I

215th out of 233 for density.

4 Explain why Tuvaluis the world's 226th country for population size but has 2 J
a density that places it at 31st. maris)
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actual population pyramid for Bangladesh 2008

E] male

Figure 8.15 Population pyramids for Bangladesh

5 Figure 8.15 shows the population pyramid for Bangladesh in 2006 and the

predicted shape for 2026,
a Whatdo the two pyramids show about the Bangladeshi population? [4 marks]
b What strategies might the Bangladeshi government use to prepare for the
changes predicted for 20267 3 :I—fti)
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n

averall, with a 96% rate for men and 929

|nfant mortality is also very low, at 12
[ndia. It is thought that education has

. led to more job opportunities for them
. taught them about contraceptives
. given them more status within the family a

Unfortunately, this is not all good news for Kerala. Wit
beginning to age. The population pyramids for 1991 and

ion controlin Kera|4

e Indian «fate u!‘l{_ur:\'lih the birth ¢
y 6. Life expectancy is 74, compareq
1\3 jmost entirely due to the educatiq
:« ) pnpﬂl“‘ inn' reduces the birth rqye
arriages. In Kerala, the average age
getween 1951 an:? 2009 the birth rate
lac ement 1'-ale is 2.05, which means the
ily planning would not have achieyeq sucha g i
{he women. In India, female literacy is aly L

Neis aboyy 1 5 ¢

1064 in g},
€ res
M of women : SLof the

na
by 10%. 1 a e
of women geyy;
in Kerala gy,

Opped from
Population jg declin

benefited

» Where tg

Kerala population structure in 1991

-t

35-38

30-34

25-29

20-24

15-18 |

5-9

75+ [
70-74 |
65-69
60-64

10-14 [

thsin Kerala, compared with
€ women in Kerala because it

Man whereas ;
: tasinth
1Uis beljey " of India iy

ed that these differences
year of female education

Mis |7 inth :
3.6 childrep per s

§ woman ty g ly1.7-
ing. niy 1.7,
e e
Out 50% angd inmen it is 86% e for the high literacy rate of
for Women, .In Kerala, the li1eraqr rat:e is 94%
per 1000 bir

30 per 1000 for the rest of
has:

0-4

T T T T T
20 1.6 12 0.8 04 age
male

04 08 12 16 20
female

04 08 12 1.6 20
male

04 08 12 16 20
female

Figure 8.16 The predicted changes in the age structure of the population of Kerala, India.

Questions

| Uil libnsation ivite ciie study to draw bar charts comparing life expectancy and birth rate
between India in general and Kerala.

; . .
comparison of literacy rates in men and women betwee

n for women can help to lower birth rates.

2 Inthe same way draw a diagram to show a
Kerala and India in general.
3 Explain three ways in which the provision of educatio
4 Explain why later marriage lowers birth rate. o
5 2 Calculate the percentage fall in birth rate .in Ka‘:ra:; 5axln i
Assume the birth rate was 5.6 in both regl{;ns]:n falils inbirthr
How many years of female education e e d 2021
7

Describe the new problems that will arise as a res

1991 and 2021

e G ———

ult of the change in age structure in

hole between 1951 and 2009.

ate take if that were the only factor?

Kerala between
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Natural ecosystems and human activity

Learning outcomes

By the end of this chapter, you will be able to;

= explain which physical factors affect and are affected by the living things in an ecosystem
= explain some of the relationships between living things within an ecosystem
1 explain how energy flows along foed chains and webs

within an ecosystem
use pyramids of numbers and pyramids of energy to describe food chains

describe photosynthesis and respiration as key processes in plants
explain how nutrients cycle within an ecosystem in

general, and for carbon in particular
describe how habitats are lost and the con sequenc

es of their loss
explain why forests are removed and the consequences of their remoyal

explain why we need strategies for the sustainable management of forests
estimate biodiversity using a variety of methods tg gether with random and systematic s3 mplin
1 explain the advantages and disadvantages of vario B

C
o
[ =]
o
B
a
B
r

us stratepies for conserving ecosystems and the species within them-
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~xtinction?

1t
Tl‘ 11 arose more than 3000 million years Ap0,
“h.ﬂnll‘_- A species that have gone extiney rwm.thm
he .lun-l-l 1+ of time far outnumber those alive today. So
N.;::”-"[ n 1< normal: species are only expected to exist for
ext!™

' spically short period oftime. Geological evidence
2 r“ 1 that, on average, mammalian species exist for
':‘f,:“,ntn““‘ 1 million years. The so-called background

:mﬂ of extinction of species is about 10 year™'. One of the
sreatest dilemmas for humans in the early 215t century
L‘l“ current extinction rate, which stands, according
;:‘_;cmc estimates, at 27 000 species year " The world's
‘;E;ies have experienced five mass extinctionsin the

“ast, The largest of these was the Permian extinction, or
:j..real Dying, 280 million years ago, when 96% of all species
extant then were lost. All life on Earth now is descended
from the 4% of species that survived the Permian

extinction. However, éven if the Permian was the biggest,
+he Cretaceous-Tertiary extinction of 65 million years ago
i the most well-known. This is when the dinosaurs, which
had existed for millions of years, were wiped out.

50, why are we worried if mass extinctions are part of the
natural process? The possible sixth extinction event, which
we are living through, is different in a number of ways.

First, the rate is much faster than any of the previous five. It
is estimated that we could have lost as many as 67% of all
species by 2100, compared with the number that existed
atthe end of the 19th century. That is a huge loss in just

9.1 The ecosystem

Anecosystem is defined as all the living things (biotic
tomponents) together with all the non-living things
abiotic components) in an area. These biotic and abiotic
“Omponents interact with each other.

Ecosystem structure
The living things in an ecosystem can be described ata
fumber of different |evels.

::;uhth"’ are made up of all the individ ua!s of tlheI <

all u-? SPEGE,E’ in an area. Examples of populations mTl I:he

ele : frng_s in a pond, all the drongos in a forest ora
Phants in a national park.

Co ;
::“'“nities are made up of all the species
aCteristic of 4 particular ecosystem.

Chapter 9: Natural ecosysterms and human activity

200 Yi‘l;\n} ”1"1',“ e ."‘_-.- Preat extinic linn ¢ i tryile r.j""f
over ﬁ"‘”?””i'l'x-—‘l'.'l". of years
In this chapter vou will learn whiy there ars o mary soenies
and how Thr--fr‘:rr-',].-r aith sark atker ared tha nrn 3

1 i 4
envirtonment You will find aut abau® the thraats o these

species, and the places in which they live F 1

Finally, you we

ﬁTUdY ﬂ,tfﬂTiJHicq fr:,r COnSen ﬂ}:, speries _!_-d their erirmrment

Figure 9.0 Life in the sea in the Devonian period, 415 to

358 million years ago. The trilobites, eurypterids, blastoids,
crinoids, caryocrinites and graptolite dictyonemans are all
extinct.

Examples include all the different species of animal in
the Arctic tundra or all the plants in the Arctic tundra,
representing the animal and plant communities
respectively.

DA TR e |
Ecosystem: all the living things (biotic components) together
with all the non-living things (abiotic components) in an area
plotic: living components of the environment that may affect
other living things

Abiotic: non-living components of the environment that may
affect living things

Population: all the organisms of one species livingin a

defined area

community: a group of populations of different species that
live together in an area and interact with each other
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vl

he plage

vl | W and 1

12 habitat within the ng nsystem Plante ahtain waler from the soil and the water (r,mpnt of
l.|‘l'| wie 1he i\i"‘ll\l]l.ﬂ non ni A6 i]‘;”“R-_'n

eproduces. Within its habitat, the
gamism has a particular role in 1erms

soil can be avery impaortanl factor in rlﬂ[r-rmirlmgnmr”?
\ :
where a plant species lives. For exarnple, cacti are Maptey
|
waldbion ot anor |

W

to survive in soil with very httle water. Thase plants th *
s interactions with other species and its effect on the live in soil that is saturated with water (waterlogged) Wich |
crvrenment Thisis called its niche. The fact that thereare a5 rushes and rice, have roots that are adapted to funcria_';r |
S0 many niches Lo fill in the ecosystems of the world is the in low oxygen conditions. | :
reason why there are so many species. This may seem 1o | |
:;m something of a paradox. For example, all plants make Oxygen
ood from sunlight. However, plants th : [ !
a desent c!nmatg are very diﬁel:f-.‘nt fr;nf:;;:‘:::ijz'?ﬁ;“ I'hﬂ ki ne‘?rw'al'waﬁ abm_lt ity th'e -y
: air, the rest of the gas in air is mainly nitrogen. However
same thing on the floor of a rainforest, which are different the absolute quantity decreases as altitude increases ‘ |
again from those that do it in the canopy of the same forest. l |

At the top of a high mountain, there is much less oxygen
than at sea-level. In water, the amount of axygen is usually
expressed as parts per million (ppm).

S0, an ecosystem consists of communities of living things
that live in single-species populations in particular habitats
where they perform particular functions within their niche.

Oxygen is not very soluble in water so all aquatic

organisms have special adaptations to get enough, for
Abiotic factors example gills in fish. Plants with their roots in waterlogged
soil have adaptations to get oxygen to the roots. For

example, rushes have a spongy stem that allows oxygen to
move down from the air to the roots.

Most of the concepts above are about the living things (biotic
factors), but habitats and niches include non-living or abiotic
factors too. These affect living things and are affected by

|
|
them. The major abiotic factors are describe below.

Salinity
Temperature

Salinity, how salty something is, is measured as parts per
million (ppm) or parts per thousand (ppt) of salt, or as a
concentration (for example milligrams™ litre).

Temperature is usually expressed as degrees centigrade
(*C). Living things have a range of temperatures within
which they can survive. For example, species of flatworms This is mainly a factor that affects aquatic animals. All
from the genus Planario are distributed in mountain marine species live in water that has 35 ppt of salt, whereas
streams according to how hot or cold the water is. One in fresh water there is none. Water with a salinity that
planarian species lives high up in the mountains where the

is less than 35 ppt, but more than zero, is referred to as
water is colder, and another lives lower down where the brackish water,
water is warmer,

In some cases, the water in soil is saline, for example in

e salt marshes. Plants that live in saline water are adapted
Hum]dlt? - in various ways, for example mangroves secrete the
Humidityis a measure -:nf how damp the air is: how n:':uch e At Riom UheiriSaves, 5316y <5l cari arise s sil
water vapour it holds. It is usually Expfe§sed as relative of poor Irigation practices (see Section 3.4) and this can
humnidity (RH). RH expresses the hun_ndny asa pchentage be a serious problem for farmers trying to grow crops.
of the amount of water vapour the air could hold if fully
saturated. This can range from 0% in dry desert environments Light .
to 100%in h'um}d ramffnrests. Some living [hlngﬂ.SImf;lfy _ T amm——— !
cannot survive in dry air, for example many species of fungi. b i ol Kb rihiate and U

nearly all living things depend on it. With no light there will !
Water

Water is essential for all life. It is a raw material for

photosynthesis and a medium for chemical reactions. 0_

However, living things can survive without water in

Habltat: the place within an ecosystem where an organism V&>
liquid form. For example, some beetles that live in e e
stored products like flour only use the water they make Biackith Weators Wiice ot 21t bt ot o alky s comol
themselves during respiration. _
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| However, some nlﬂnl% are adapted to living in

[ Falald
A -I{"- L'
b (eols and can support a community of animals

[ =11l
aiil
Tt b
[N e

pHf . ;
' ,easure of how acid or alkaline water, or an

Hisanl
::uéoub colution, is. It is expressed as a number without
rsonthe pH scale (see Section 4.8). The pH of the sea
;relatl\r'ﬁi\’ stable but pH can vary a lot in fresh water.
éemmpoamg leaves, for example, add humic acid to the
water, reducing the pH to less than 7. The pH of soil water
s avery important factor for plants. Some plants are acid
oving, requiring a soil with an acidic water content. Other

ants cannot su rvive in the acidic soils at all.

ol

g1 Aspeciesof plantis found growing in a narrow
sone at the edge of woodland bordering an open
field. Suggest two biotic and two abiotic factors
that may be involved in restricting it to this zone.

g2 Copyand complete the following passage using
these words:
population species community niche
habitat

An ecosystem contains a number of of

animals and plants each of whichhasa _____———

lives in a particular and occupies a
. They all live togetherin a :

Ecosystem processes
4 vey feature of the way in which the living world worksis
that organisms interact with each other, The best way to see
this s in a diagram called a food chain. Green plants make
food in a process called photosynthesis and are called
producers. Animals, called herbivores, €at the plants and
animals called carnivores eat the herbivores. Both these
kinds of animals are called consumers, One consuming
[<eating) plants and the other consuming animals. A plant-
eating consumer is a primary consumer and animal-eating
tneis a secondary consumer. If an animal eats an animal
thatitself eats an animal, it is called a tertiary consumer. I
the animal (or other organism, for example fungi) consumes
d"":”d bodies of plants or animals it is called 2 deml'l_"l'-‘ﬂ““
his simple refationship can be shownin2 food chain.
producers — herbivores (primary consumers)

i —
I5t carnivores (secondary CONSUMers: PfEdB“’fS’r ]
20d carnivores (tertiary consumers, also predators

However, if you look at a real example, you wil ser that
the full picture is not so simple. In a garden thare ight be
plants with leaves that, when they fall to the ground, are
caten by earthworms. In turn the earthworm 15 £aten V!
hird, which could be eaten by a snake

loaves — earthworm — bird — snake

However, the leaf might also be eaten by 2 slugara
woodlouse, the worm by a fox or a shrewi, and the bird by

a fox as well. If you put all of these relationships, and more,
into a diagram you will have a much more accurate picture
of real life. Such a diagram i5 called a food web (Figure 9.1).

snake
A

I

Figure 9.1 Afood web.

Food chain: a diagram showing the relationship between a
single producer and primary, secondary and tertiary consumers
Photosynthesis: the process by which plants or plant-like
organisms make glucose in the form of carbohydrate from
carbon dioxide and water using energy from sunlight
Producers: organisms within an ecosystem that can carry out
photosynthesis
Herbivore: another name for primary consumer
Camivore: another name for secondary and tertiary consumers
Primary consumers: organisms within an ecosystem that
derive their food from producers
Secondary consumers: organisms within an ecosystem that
derive their food from primary consumers
Tertiary consumers: organisms within an ecosystem that
derive their lood from secondary consumers

organisms within an ecosystem that denve
their food from the bodies of dead organisms
Food web: adiagram showlng the relationship between all
(or most) of the producers, primary, sacondary and tertiary
consumers in an ecosystem

_
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inone part of the Inod with ¢ an cause ;1._-._.-_'(._, B

Ay othar part So il 1 wiea o i [l anrl l\'ﬂr\rr.
0t ETOw so well, everything will be allected 1f enake
numbers fall because they are Killed by humans, this coutd

lead o

anincrease in the numbers al birds, whic b might
then eat more earthwor ms, Causing ther numbers 1o fall it
is often impossible to predict what one change in one part

ot a food web might lead to elsewhere.

Even this is not likely to be the whole story: what eats

the woodlice, the slugs and the shrews? What else do the
snakes, foxes, birds and earthworms eat? Real food webs are
very complicated. A way of simplifying this information is to
think of the numbers of producers and consumers found in
the ecosystem. In a lake, millions of tiny microscopic plants
are being fed on by thousands of tiny animals. In turn, these
are eaten by hundreds of small fish, which in their turn are
eaten by dozens of large fish. Standing by the side of the
lake might be a few herons and egrets, eating the big fish,
This information can be represented in a diagram called

& pyramid of numbers (Figure 9.2). The pyramid shape
reflects the loss of energy at each trophic (feeding) level.

a few herons
and egrets

dozens of
large fish

hundreds af
small fish

thousands of tiny animals

millions of tiny plants

Figure 9.2 A pyramid of numbers for a lake ecosystem,

Photosynthesis

Plants trap energy in the form of light from the Sun in
a process called photosynthesis, Photosynthesis is a
complicated process but can be summarised as if it was a
single-step chemical reaction:
light
hlorophyll
carbon dioxide + water — -2 2P WY, glucose + oxygen
Glucose is a sugar used by plants in the process of
respiration to release energy, and is also converted by
the plant to make other substances it needs, such as
starch, cellulose, proteins and many more. Some of these
substances are very important for humans as medicines.

Other elements (minerals) from the soil, such as nitrogen,
are needed to form some of the su bstances, such as

Cambridge IGCSE and O Level Environmental Management

hut in every rase, chomical enecgy ramaine

proteins

ciereel in the substance

Prarte abtain the ¢ arban diovide (€C0O,) from the AN b
thraugh pares in their leaves (stomatal. They obtain tha Aites
fram the sail through their roats A green pigmont i i ® pop e
called chlorophyll absorbs thelight. The light energy i .,
to split the water into hydrogen and oxygen. The hydrage,

is added to carban dicride to make glucose, The ax YREN neg

used in respiration i5 given off ta the atmosphera

Interactions between living things - biatic
interactions

Living things interact in a variety of ways, including those
discussed below.

Competition

Living things need a range of resources from the
environment, including other living things and non living
components like water and oxygen. Many more young are
produced than will survive, so there is often competition fne
the resources. Those individuals that are least well adapted
to the current conditions will die earlier or fail to reproduce

Predation

When one animal eats anotheritis called a predator. Examples
of familiar predators include tigers and lions. However, there
are also many predators in the insect world and in the sea.
Many beetles eat earthworms and insect larvae. and marine
predators range from small fish to the great white shark.

Pollination

The male gametes (sex cells) of many animals (including
humans) swim through an aqueous (watery) environment to
the female gamete (egg cell). However, flowering plants donet
reproduce like this. The male sex cells are found in astructure
called a pollen grain, made in the anther, The pollen grain s

(R riricnss m e e

Pyramid of numbers: a diagram that represents the numbers
of organisms at each feeding (trophic) level in an ecosystem by

a horizantal bar whose length is proportional to the numbers
atthat level

Trophic level: 2 feeding level within a food chain or web
Chlorophyll: the green pigment in plants that traps light
energy

Respiration: the process by which living things release enere
from foad to carry out the processes of lfe, such as movement
Pollen grain: the struciure in plants that contains the male
sex cell, itis carried to the female organ by pollination
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a8 Copy and complete the passage and answer
the questions.

Inthewoodland __ shown, all the
energy lor life comes fromthe _____. The
energy is in the form of _ __and is trapped
by plant leaves in a processcalled _________.
Thisproducesthegas and uses

the gas . The glucose
which is made in this process is then converted
into everything that the plant needs. Organisms
like plants which make glucose are called tree leaves-
-Also in the woodland are pictures dead or alive

of some consumers, they are:

ressenes BMW

grass

Figure 9.4 A woodland ecosystem.

————

Some of the consumers are predators, such The one animal not shown on this web is the
as the and some Both the

animals and the plants use the food they either
eat or make to supply energy for their lives.
This energy is released in a process called

— . Thisprocess also releases the

There are five populations of animals in this
woodland: deer, rabbits, foxes, squirrels
and mice. In addition there will be many

e populations of insects and birds of different
Bas taken in by plants. species. All the animals in the woodland live
All the living things in the picture live in a ina

i =P |

particular habitat:

¢ i Choose two animal species from the
the mice live in

—_— woodland shown and say what you think

the birds live in their niche is.
bacteria live in . il Name two animal species that might be
Some abiotic (physical) factors are shown in in competition with each other in this
Figure 9.3. These are: woodland and suggest what they are
competing for.
One food chain in the picture is grass S i Name one predator in the woodland.
— foxes, another is - insects - ' iv. Name one living thing in the woodland
b Copy and complete the food web shown for the that needs to be pollinated and suggesta
whole woodland in Figure 9.4. pollinator, also shown in this woodland picture.
Energy flows and nutrient cycles bodies break down. The minerals in the dead bodies are
When a consumer eats a plant it gets two things: released and become available again to living things. Itis
.. chemical energyfrom thé starch, simplesugarsand ::gso;sttaen:] Zobl;rﬁ: :215 I:IifferTnce: energy flows through
rals ¢ :
other compounds ycle round ecosystems

» various materials, such as nitrogen, that are also present  Energy flow
in these substances. How much of the énergy in a plant is available to a

Consumers use some of the chemical energy for their own c?;n:::;er? IThe plant needs some energy forits own I‘f’
life processes, converting it into heat. This heat is given off gutf es. lLgets this energy not from the light it uapm

; nt and lost to living things. However, the Ut from the Chf—‘m'cc‘_ﬂ energy it has stored. Plants sto
D E[f":'rf: ‘:;ﬁost because, when consumers die, their light energy as chemical energy in the sugars and othe"
minerals '

cannea wi dmoacanner
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o ey make. A pl:‘ln[ 801.5 TI'ID GH(‘IR\JI' 'Ihﬂl i The onergy is useed fesr the processes the ;:!:mf ricorls (for
bsté g own life processes froma process callec example transporting foor) and making prateiris) and preen
4 for 12 . TR "
HNL_S o The averall equation for respiration is: ofl to the enviranment as heat. Only the energy that 5 left in
alid
s oo i a ls available to a consumer
i ovygen = carbon dioxide + water + [Dnorﬂ'}] the material a D[HHT does not usa 15 avala gl
gluces This is about 10% of the energy that was fised from sunlig

. the equation, energy is placed in br =
inthe &9 &ep AL by the plant. This energy flow can be shown in a simple

At tha {
ol

N o stance. ”
M:msse itisnota sub diagram, as in Figure 9.5a, The same relationship occurs at
s and oxygen are used up during respiration and the next trophic level, shown in Figure 9.5b. Together, the two
g .':g--and carbon dioxide are produced as waste products. parts of Figure 9.5 form a pyramid of energy (Figure 361
wals!
| Emwes (1s! consumers)
about 10% of energy passed on about 10% of energy passed on
——————» about 90% of energy lost as heat L » about 90% of energy lost as heat
to the environment to the environment
I: plants herbiveres (1st consumers)
(a) (b

Figure 9.5 (a) Energy flow between the first and second trophic levels. (b) Energy flow between the second and
third trophic levels.

90% energy lost

90% energy lost

4 10% energy
I passed on

green sunfish

90% energy lost

90% energy lost

=
BUre 9.6 A pyramid of energy for a lake.

h-__
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So, after just two steps the amount of energy available to
a consumer is 10% of 10% of that available from the Sun,
whichis only 19 After three steps it is only 0.1%. This
explains why food chains never have more than four, or
sometimes five, links: there is just not enough energy left
10 support another trophic level. The quantity of energy

presentin each level, and flowing between them, is
measured in kilojoules (kJ).

Mineral cycles

At the same time as a consumer is obtaining energy from
the level below, it is acquiring the minerals that it needs.
These include carbon, oxygen, sulfur, phosphorus and

nitrogen, among many others. All cycles have the same
basic pattern (Figure 9.7).

carbon dioxide in
almosphere
respiration
(including decay)
buming
m carbon in sugars,

reservolr

remaoval fixation

in living things

Figure 9.7 General diagram of mineral cycles.

For carbon, the reservoir is carbon dioxide in the
atmosphere. Fixation is by photosynthesis. Carbon is
found within living things in carbohydrates, proteins, fats
and other chemicals. Carbon is removed from living things
by respiration, which returns the carbon dioxide to the
atmosphere (Figure 9.8).

photosynthesis

starch and proteins in

(a)

burning
fossil fuels

‘ living things
|

I

|

|

gas all contain carbon

respiration il

= the atmosphere

coal, peat, ol and natural carbon dioxide gas produced

by burning and respiration, and
photosythesis

(including decay)

respiration

photosynthesis

1Bading
animals
carbon present in
chemicals in animals

(b)

Figure 9.8 (a) A simplified carbon cycle showing the basic processes of fixation (by photos :
respiration, decay and burning). (b) A more detailed carbon cycle. ynihesis) and release (by

Scanned with CamScanner

Scanned with CamScanner



Chaptar 9: Natural ecosysterms and human activity

gjon oceurs in all living things, including
F‘""'P”i .L,-,-u_cms. that break down dead organisms. When
mic? ‘.. ~nisms break down dead organisms, the process
mufr:L ?110( ay or decomposition. Carbon dioxide is also
52 :;:d ro the atmosphere by burning {combustion),
Fi:i:;s mportantin relation to the removal of forest, when

chof the forest material that is cut down is burnt,
M

state the location of the reservoir of carbon in

the carbon cycle.

9.5 Statetwo examples of substances in living things
that contain carbon.

g.6 Compare and contrast respiration and decay.

9.7 Inastudyof the organisms in a food web it was

found that 3000 kJ of energy were present in

the herbivores, 450 kJ in the carnivores and

40000 kJ in the plants,

a Sketch a pyramid of energy for this food web.

b Calculate the percentage efficiency of energy
transfer from:

i plants to herbivores
ii herbivores to carnivores.

Show your working for both parts of the
question.

9.2 Estimating biodiversity
Inecosystems

Biodiversity refers to all the species within an ecosystem
aswell as all the variation within a species (genetic
diversity) and the many different ecosystems in an area.
There are good reasons for ma naging the biodiversity of
€Cosystems. However, before biodiversity can be properly
Ménaged it needs to be measured.

T.he Populations of individual organisms and numbers of
dfierent species can be huge. This means it is impossible
:Zl.c: L;n tall of them. For this reason, scientists use
assl,p g methods to count a subset of the whole; it s
20 :ed that the subset reflects the whole population
m eth;:peﬂes diversity. There are two main groups of
me us for samgling and measuring bio:!iversny. One

Ot mg ses techniques for sampling organisms that do
Plants ::dabo‘m (sedentary organisms), for‘example
Seaghg animals such as barnacles and limpets on a

"€ The second group uses techniques for sampling

non-sedentary organisms, which usually involye some
sort of trap to catch the arganisms

Sampling sedentary organisms: quadrats and
transects

When an area of land has to be surveyed, it is usually
necessary to sample it. If the subject of the survey is plant
species, the sampling can be done with a quadrat. A quadrat
is a frame of known area that can be placed aver part of the
site to be sampled. The plants enclosed within the quadrat
can then be counted. In some cases, counting individual
plants is still not possible so an estimate has to be made. The
most common of way of estimating plant numbers is to use
an estimate of cover, for example using a simple scale such as
ACFOR. This provides a qualitative estimate:

+ A=abundant
« C=common

+ F=frequent

+ O =occasional
* R=rare.

In the example in Figure 9.9, plant species C would be
A(bundant) and both plant species A and B would be
Clommon). Use of a gridded quadrat, however, allows a
more quantitative measurement to be made.

(a) (b)

OA me Oc

Figure 9.9 An area of grassland (C) with patches of other
plants (A and B). It s difficult to estimate percentage cover,
butifa gridded quadrat, as shown on the right, is placed
over the area it is easier to make this estimation.

T T T R R

Quadrat: aframe of known area used to sample organisms
that do not move, such as plants

Scanned with CamScanner

Scanned with CamScanner

=7




5 =]
|

-.-—

(a)

(b)

Figure 9.10 Systematic sampling using quadrats along a transect is appropriate in the situation shown in (a). Random

sampling, placing quadrats using random number tables in a
which area 1is being compared to area 2.

One way to use a gridded quadrat is to count the number
of squares that the plant appears in and take the total

to be the percentage cover. In the example in Figure 9.9,
this would give 11% for B and 14% for A. You can then say
that the percentage cover of C is 100 - (11 +14) =75%.
Another method is to count each square in which the plant
occupies more than half. This gives 7% for B and 9% for A,
so C is 87%. These numbers do not add up to 100 because
of the rounding effect.

Placing the quadrat

Itis important to consider where a quadrat is placed
when using it to sample biodiversity. If two areas are to
be compared, the quadrat should be placed randomly in
each, which is called random sampling (Figure 9.10b), If
the aim is to see how the species change along a gradient
in the environment, the quadrat should be placed along
a line called a transect, which is systematic sampling
(Figure 9.10a). An example of an environmental gradient is
the change in light intensity from the shade of a woodland
into an open field.

In the case of systematic sampling, the quadrat is placed
along the transect line at either regular or irregular
intervals. Figure 9.10a shows them placed at regular

pre-marked grid, is appropriate in the situation shown in (b} in

intervals. When carrying out random sampling, the best
method is to lay out a gird in each of the areas to be
sampled. The position of the quadrats is then determined
using random coordinates from a set of random number
tables or by throwing dice. For example the coordinate
generated might be 4, 2, The quadrat would then be
placed 4 units (say metres) along one axis (say x) and

2 along the other, y. This is shown in Figure 9.11.

—h
[=]

- B L & " h O~ B @

1 2 3 45486 7 8 9 10
B quadratatg, 2

Figure 9.11 A grid showing the position of quadrat at
coordinates 4, 2.
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| xF e — o )
L 5] juipmerit for getting the arierals, eop ol O ik il Gt
- = “rifr . ey i
gando™ sampling: asampling method in which the pecimen comt siner if gure G 17

=vica
- ice is placed USINg random number tables of

Transect: sampling method in which S3Mpling devices
3 sAre

gt out 20N A line already placed 3Cr0ss an area
s,.smmatit sampling: = sampling method in which the
samp np ceviceis placed along aline or some gther
["F':'-"":'- ~ned pafttern, the most CoOmmon pattern by

I
e line of 2 transect cing

r: 2 device for retrieving small animals from iy
cuch as nets and pitfall traps

| ‘ ' ‘ Figure 9.13 A pooter,
sampling mobile organisms: pitfall traps

and pooters

For organisms that move, 3 variety of trapping methods

e used to estimate biodiversity as well as population size.

T e

ne very common device, used for small animals moving

Forlarger animals, such a5 small marmmals Live rice ar i
voles, other kinds of traps can be uned. For very large
animals, such as zebras and wildebeesr, courte £ s uted,
often from an aeroplane,

(A1)

U

zmouton the ground, is the pitfall trap (Figure 9.12). Apitfall  When to use random or systematic sampling

rzp consists of & jar sunk up to its rim in the soil. The top When designing an ecological investigation, scientises rae 1

mzy or mzy not be covered, depending on the predicted decide whether the quadrats or traps should be positioned

[velinood of rainfall, and the trap should be inspected and in @ systernatic or random fashion. As 3 generzl rule, # tre

emptied regularly. investigation is looking at how distributicn changes over 2n

environmental gradient, systematic sampling will be uzea.

ekl For example, if you wanted to look at the efect of 2 road on

vegetation, you would use this method (Figurs 3.14),

-] J on
R - rving fiu Se : b. : i
= oo
nrgatr:u:;ns in ] q' J
Figure 9.12 A pitfall trap without a cover. Belore

Traos ca i rample along a i
a5 can be placed systematically, for examp 5 Figure 9.14 To investigate the effect building a road has

frare H 'd o

"an%ect, or randomly, for example in places selecte i i nsect with
2 &fid with rand : mbers, Therefore, a transect line or had on the plants growing on either sidf.-. atransect

= th random nu . Ine can also be quadrats laid at regular intervals along it can beusedto

=Ndnrm cet of < amp'es as set out for p|a nts
Pl = lants.
uied 1g r‘arnp[e this [Ype Of an]’ma[' However, one prﬂb{ﬂm Sﬂmple the P | S
Uit the gittal trap is that it measures the level of aCtVty g oucinyestigation requires you to compare areas, en
e animals a5 well as their numbers (andom sampling using 3 grid is the most suitable mEtnod.
= 8ls a5 w : . =i

A . ulations between an
Othier techni i (| animals, such a5 For example, to compare the insect F:JF: i n‘r t :azr-d pitfall
__,I,“_;'t “ehniques for sampling small 8 iy involve area grazed by animals and an are3 that £ 19 E'm _a*g,ﬂd s
eanrs. - M short vegetation or on trees, ORENTE & - traps could b set out randomiy in both areas sing 3 §/02
“hing them in a net of some kind. The anirnals W candom number tables, Howeser, there are atd1antages an

‘4 =P 7 - o v . b‘ll"‘._ .

" thenneed 1o e transported back 102 inhprao disadvantages 1o any method used, 35 shown in Table 9.1

G ¢ - " iere 0
“reful identification. The pooter is SimpIe PIECE
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adrats » Quick
* Inexpensive
+ Portable
Transects | « Quick
+ Inexpensive

~+ Portable
Pitfalltraps |« Inexpensive

s e can be unintentice
+ Unless many quadrats are placed, the sample can be unintentign,

. Often used in inappropriate situations, so care must be taken wher P
whether or not to us a transect

« Mol always very accurate

J‘ I-J'E',:.J

i
4

Is Often kill the organisms captured

+ Easytosetupand use - May oversample or undersample

Table 9.1 The advantages and disadvantages of various sampling methods

_ SELF-ASSESSMENT QUESTIONS

9.8 Match the following studies with the sampling
methods that could have been used for them
from the list below. The first one (a) has been
done for you.

a Thedistribution of ground-living beetles
along the side of a road heading from the
countryside into a town. (iii)

b The distribution of plants on either side of a
heavily used footpath across a field. (...)

¢ Acomparison of the numbers of scale insects
(an insect that sucks sap from plants and
stays in one place all its life) in a field grazed
by sheep with the numbers in a field where
sheep do not graze. (....)

d Acomparison of the numbers of grasshoppers
in a field that is mown with the numbersin a
field that is not mown. (...

i Pooters used to collect insects from
quadrats in two different fields, placed
using coordinates generated from the
throw of dice.

ii Quadrats placed in two different fields
using coordinates generated from the
throw of dice.

iii Pit-fall traps placed in a line a fixed
distance apart.

jv Quadrats placed 10 m apartinaline.

9.3 The causes and impacts
of habitat loss

As discussed above, 2 habitat is the place where

the population of an organism lives, finds food and
reproduces. Therefore, the loss of 2 habitat means the
loss of those species that live, find food and reprodycs
within it. Habitat loss is the single most important cayse
of species extinction. Many scientists believe that speces
extinction is happening at a faster rate than at anytimein
the past. What are the implications of this? It is a difficuz
question to answer because we do not know enough
about the impact of species loss on an ecosystem. Areczn:
study showed that 80% of the beetles captured from just
19 trees in Panama were new to science! So, working cut
the consequences of losing species is difficult, because s
do not really know what we are losing.

The latest estimates suggest that the current rate of speces
extinction could be as much as 10 000 times higher than ¢
natural rate. How many species this actually meansis, 2"
difficult to estimate. So far, fewer than 2 million different
species have been named, and the estimates of how _
many species there currently are range fromafew mill.fﬂﬂ
to maybe as many as 100 million. If the latter estimate®
correct, an extinction rate of just 0.01% year" meansﬂﬂ:
10000 species are lost every year. If the rate s 019
then that would mean a loss of a 100 000 species- Buttns
still does not answer the question: does this matter?

@,ui—l.l R ) WA .- T - =

i pamed
Extinction: the process by whicha rfpec:ﬁ;;dﬁ
group ceases to exist on the Earth orinan2
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Chapter 9: Natural ecosystems and human activity

._ L ises of habitat loss
| ore ate three major causes of habitat loss and, therefore,
I’ wtinction.

gpecies ¢

The dr sinage of wetlands
come wetlands are found inland and some are coastal, and

¢he total 2red is hard to estimate. The most widely accepted
fgureis that there are about 7-9 million km? of wetlands
a?ouf‘d the world. Three million km? of wetlands are found
st the poles, just under 1 million km? in temperate regions,
about 1.9 million km? in the tropics and 1.5 million km?
- arerice paddies. This represents somewhere between 4
| and 6% of the Earth's land surface. The area of wetlands is
gifficult to estimate because of their scattered distribution.
However, there are some major wetland areas, such as the
pantznal in Brazil (140 000 km?), the Llanos of Venezuela
and Colombia (about 500 000 km?) and the Pear| and
* yangtze river deltas in China (650 000 km? between them).

~ Wetlands have traditionally been regarded as wasteland

and therefore relatively worthless. However, it is now
realised that they have a variety of benefits, includin gthe
provision of 2 range of environmental services. These
environmental services include shoreline protection,

- maintenance of water quality, flood control, recharging
of aquifers (see Section 4.4) and biological productivity.
They also provide habitats and are a source of a variety of

- products such as fish, wildfowl, fuel and fibres.

 Unfortunately, the current global area of wetlands is half

- whatitwas in 1900. There are many causes of wetland
 loss, including:

-+ drainage for agriculture, forestry and mosquito control
_'_ « dredging for flood protection
~+ usefor disposal of waste created by road construction
~* discharge of pollutants
* peat removal
~ » removal of groundwater.

Wetland is drained for a variety of reasons, including the

- Provision of tourism facilities and agricultural land. As
-'ﬂ'ﬁCLl&Sed in Section 4.7, many diseases are water related and

One wiay of reducing or eliminating these is to drain the water
- Inwhich the causative organism or its vector lives. Thisis an
- SPecially important way to control the spread of malaria.

< State of Minnesota in the USA provides a good example of

_the ra}e of wetland loss over the last two centuries. The loss
- “Sestimated to be well over 50% since the early 1800s.

i coes Wi e o

Intensive agricultural practices

The main reason for the drainage of wetlands is to provide
land for agriculture. It is estimated that about 75% of this
has occurred in temperate latitudes (that is, outside the
topics and subtropics). The remaining 25% of loss has
been within the tropics.

Much land that is not wetland has also been used for
agriculture, Agriculture poses the greatest threat to
species survival because it results in so much habitat
loss. It is estimated that the threat of extinction to 63%

of vertebrates comes from agricultural practices. In
south-east Asia it is estimated that more than 80% of bird
species have been lost as a result of clearing native forest
for the production of palm oil.

Other aspects of intensive agriculture, including the use

of pesticides and fertilisers, can have far-reaching effects
on habitats. The agrochemicals used are soluble in water
and can be carried away from the farms where they are
applied. For example, the fish in coastal areas of Mexico
have been badly affected by agrochemicals entering the
Gulf of Mexico down the Mississippi River from farms in the
centre of the USA.

Deforestation 201

Perhaps the most obvious cause of habitat loss is
deforestation. In many parts of the world, at a wide range
of altitudes, forest forms the climax community. In these
areas trees form a continuous cover and provide habitats
for a wide range of tree- and ground-dwelling species.

In temperate regions these species are mainly birds but
squirrels and various reptiles are also found.

In the tropics and subtropics of both Africa and South i
America, primates are adapted to living in forested l
habitats. These areas are also home to a huge variety of
tree-dwelling birds. In both of these regions, and others,
millions of insects depend on the farest for their survival,
The most biodiverse habitats on Earth are thought to be

in the tropical rainforests of South America and Central
Africa. In these regions, hundreds of thousands, or possibly
millions of species exist. Loss of this habitat, or just its
fragmentation, is likely to lead to the loss of very many
species. Deforestation is discussed further in Section 9.4,

Climax community: the stable community characteristic of
an area that persists as long as the climate does not change
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tc of habitat loss

etic depletion

Wyeare agpa popple were still gat

.......

animale ag their &Onrce ﬂ' food ':_h["“ll

710000 years ago, some human populations

ANED 10 plant seeds. Al first the planis grown from

these sppd

S5 would have given an unpredictable and often
small vield, Quite unintentionally, those plants that gave
& E00d vield would be selected for the next generation.
This was an early form of selective breeding (see Section
341, Since those times, which were the beginning of the
agricultural revolution, intentional selection has been
carned out. Modern crop plants, such as wheat, rice and
maize, are therefore the product of 10 000 years of this
artificial selection. The process has been hugely beneficial
in providing food for a growing population of humans, There
are wormes now, however, that modern strains of crop plants
may not be able to adapt to changes in the future, such
as those anticipated as 2 result of climate chan ge. Efforts
have been made to retain populations of ancient strains of
important crop plants. However, no matter how successful
these projects are, it is very important to retain biod iversity in
the wild. The characteristics of wild vari eties of modern crop
plants may prove useful in the future. For example, because
of climate change, in an area beginning to suffer more
frequent and more severe droughts, drought-resistant strains
are needed. The wild plants may not produce very good
yields but may be able to withstand drought, and their genes
can be incorporated into modern high-yielding strains. The
wild-type resistance to droughtis given to the plants by the
genetic instructions (genes) they contain. Recent advances
in our understanding of genetics have allowed scientists to
transplant a gene, for example for dro ught resistance, into a
plant that does not already have it. So, for example, using the
techniques of genetic modification (see Section 3.4), modern
strains can be ‘given’ drought resistance.

In addition, the species and genetic diversity that exist in
the wild may have many currently unknown uses, A large
proportion of the medicines currently used have come
from wild plants and animals. It is possible that further
medicines and other useful products may exist in the
wild. Habitat loss, leading to the loss of biodiversity, could
mean valuable products are never discovered. The loss
of species containing potentially useful genes is called
genetic depletion. As discussed earlier in this chapter,
habitat destruction reduces genetic diversity and may

v Iead to species becoming extinet, when the g

nﬂ“F
scomes irratrievable, L

9.9 Habitat destruction cau'sesamssgfbimi :
and therefore loss of genetic depletion,

E’D'ain '
why this is a problem,

9.10 Explain some possible consequences of

drain;
awetland area. "

9.4 The causes and impacts
of deforestation

Causes of deforestation

Deforestation is a major cause of habitat loss, by how
extensive is deforestation and what causes jt7 In Africg,
South America (especially Brazil) and Indonesia. very
significant forest losses occurred in the early part of

the 21st century. Over 8 million hectares year' were
lost during this period, with Brazil losing 3.1 millign
hectares year™' and Indonesia 1.9 million hectaresyear
Over the same time period over 5 million hectaresyear‘
were gained. However, the losses mainly occurred in the
tropics and the gains in temperate regions.

The most obvious cause of deforestation i the need for the
wood itself. In some parts of the world, timber is another
name for wood, but in other places timber refers to the
preducts made from that wood in the form of boards and
planks. Where the term wood means timber, the planks and
boards are called lumber. Essentially lumber and timber
are the same thing: wood processed to be ready for human
use. Logging, in its broadest sense. is the process by which
wood is extracted from a forest and made into timber.
This timber is needed by more economically developed
countries (MEDCs) for products ranging from luxury
furniture to paper, which are all in enormous demand.

Wood is a remarkable material and has been used by
humans for thousands of years. It can be used for building

and furniture making, but also for papermaking, and is
source of energy when burnt.

Another reason for deforestation is to clear land for
farming, roads and settlements. In tropical forests, the
logging itself is not necessarily very damaging. Only
S0Me species are suitable for creating timber, and 50
logging tends to be selective and such 2 process can
be beneficial to the forests, However, often logging and
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tion involves opening up the forest, Creating
o wehicles associated with the lopging process
sl '.lllf'.ir' mist dﬂf“ﬂﬂ”'lﬂ aspect of l“’;’,ﬂ‘”ﬂ
1 may lead to only 10% of the deforestation
i 15 the agriculture and settiement (hat follow,
o by the logging roads, that cause the proatest
Lo, ks people establish themselves in an area,
Jties follow. If economic deposits are found,
mineral extraction may occur, which can lead to
. deforestation.

leaves and hranches protects the sall Oyer lime, after
deforestation, the area that once supported lururiant
prowith may becorne a desert, as a result of dese rtification
(see Section 3.5)

Climate change

Climate change is a consistent change in long term weather
patterns. In the contert of environmental management,
climate change usually refers to on-going changes that

furthe are thought to be caused by changes in the levels of

615 <hows that agriculture in all its forms various greenhouse gases in the atmaosphere. The main

i |' .«ence and commercial, together with pasture for greenhouse gases are carbon dionde and methane, It 15

'E_;' ,, i the cause of about 80% of all deforestation, currently thought that greenhouse gas levels are rising and
f" ',__”: construction of settlements and mining cause so are atmospheric temperatures (global warming) and

‘ 3 small faction (as part of ‘other’). Roads only lead that this, in turn, is leading to climate change.

arectly o asmall amount of deforestation, but are
etrumental in opening up the forest to other activities.

Greenhouse gas: a gas that stops energy in the farm of heat
iR from being lost from the atmosphere
' subsistence B
farming
m commercial ;
tarming That the levels of greenhouse gases, especially carbon
B logging dioxide, are rising is agreed by almost all scientists, but
ikt hyisi ing? The mai f the rise in carbon
space for houses why is it happening? The main cause of the '
and mining dioxide is the burning of fossil fuels (see Section 7.1), which
accounts for about 87% of all human carbon dioxide
Figure 9.15 The causes of deforestation. emissions. Following that come changes in land use, most
importantly deforestation, at about 3%, and then other
Impacts of deforestation industries at about 4%.

Defurestation is one of the most important causes of

natitat loss. As well as the loss of forest habitats, its impact
onthe soil can lead to further habitat loss. Soil erosion,

end often desertification, are frequent results of wholesale
deforestation. Climate change, largely thought to be

taused by changes in the atmosphere (see Section 7.2),
tould also be caused by deforestation.

Trees remove carbon dioxide from the atmosphere during
photosynthesis. As deforestation reduces the number of !
trees, it also reduces how much carbon dioxide the Earth's

forests can remove. However, it must be remembered that

trees also respire and give out carbon dioxide. If the rate

of photosynthesis and the rate of respiration are the same,

then the removal of the trees will have no effect on the

atmospheric carbon dioxide level. However, the permanent
Habitat loss removal of trees leads to large quantities of carbon dioxide
Eindiversity is lost when habitats are lost, as discussed being released when they are burned or when they
earlier. Tropical forests in particular are centres of great decompose. In addition, the machinery of deforestation

biodiversity, so the loss of habitats in these forests is

“ipecially serious. In addition, the huge volume of trees in
"hese forests acts as a massive carbon store and they are Loss of biodiversity and genetic depletion
home for many rare species that may be useful to us.

burns fossil fuels, releasing more carbon dioxide.

Because forests, and rainforests es pecially, are such

- centres of biodiversity and genetic diversity, their loss
Soil erasion and desertification

causes particularly dramatic examples of habitat,
'-ffhr:n forests are lost, soil erosion inevitably becomes biodiversity and genetic loss, The situation is even
?‘Dmbmm. The forest reduces the impact of heavy more worrying when you consider that we are probably
t?:mfau onthe ground, reducing soil erosion. In addition, unaware of the identity of the majority of species that live
100t hold the soil in place and the layer of fallen Inhesefrests.
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9.12 Table 8.2 shows the results of a study of the

reasons for deforestation in the Amazon in 2006,

*v cason. 3 Y
Cattle grazing

e

Subsistence farming ' 30
Commercial agriculture | 2
Logging | 4 |
Other l 4 |

Table 9.2 Reasons for deforestati;in the ﬁ;m-ar.un
in 2006,

a Copy and complete Figure 9,16 using the data
from Table 9.2.

9.5 The need for sustainable
management of forests

Forests are vital for the lives of many animals, plants and
other organisms because of the habitats they provide.
These organisms, in turn, represent a hu ge genetic
resource as well 2s a source of food, medicine and raw
materials for industry. In addition, forests perform a variety
of ecosystem services. They are involved in the carbon

and water cycles and help to prevent soil erosion. Pristine,
biodiverse forests are also a hy ge attraction for tourists,

young forest
carbon sink

70 30

60 40
50

Figure 9.16 Reasons for deforestation in the
Amazon in 2006.

b In 2006, 14 285 km? of the Amazon forest were
lost. Calculate how much of this was lost dye 1o
subsistence farming. Show your working,

who bring money into the countries that possess the
forests, a phenomenon known as ecotourism.

Carbon sinks and carbon stores

When a forest is growing because most of the trees n it

are relatively young, it takes in more carbon dioxide in
photosynthesis than it gives out in respiration, so itis a
carbon sink. A mature forest in which all of the trees are old
and not growing actively, takes in and gives out the same
quantity of carbon dioxide and is a carbon store (Figure 9.17).

photasynthesis respiration

s é*

mature forest
carbon store

Figure 9.17 Movements of carbon dioxide into (in photosynthesis) and out of (in respiration) trees in ayoung and a mature forest
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arism: tourismin which the participants 1raypd
[ﬂﬂ:u- Lorld, ideally in a sustainabla way
ih(!ﬂ.

;.rW“ sin

[tosen

k: avegetated area where the jnt
) o from the atmosphere in photosynthe
dic JF from respiration, so the net flow of ca
i:r:\i;smh'““' lnto-pIRAE

carbonstore: a mature vegetated area where the intake of
carbon dioxide from the atmosphere by photgs

the Ynthesis equals
s output from respiration, so the mature plants store carbon

ake of carbion
SIS excends jig
tbon is from the

golein the water cycle

- vests 2dd water to the atmosphere in the process of
f-a"-SP-;'a"'m (see Section 4.2). This leads to the formation
<fclouds gventually the clouds release the water back as
recipitation. When forests are cut down, this process is
reduced, which can lead to local droughts in the area of
deforestation. Forests generate moisture in the atmosphere
that can also affect rainfall around the world, For example,
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Bure 9.18 The effect of tree removal on soil erosion.
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13 One v
tehing. People travel 1o areas where whales

can be tound, stay in local accommodation
and then go oul in boats on day Inps to see the
whales One dese niption ol ecotounsm is that it
Involves travelling to natural areas that conserve
the environment and improves the wellare of
the local people. Supgest ways in which whale
watching as described meets this description
and ways in which it does not.

9.14 Draw an annotated sketch to show how trees

might reduce the erosion of soil by wind and
water.

Popular form ol ecotourism is whale

Ecotourism

Ecotourism is responsible travel to a natural area that
promotes conservation of the environment. Visitors travel
10 an area with the main aim of appreciating its natural
beauty. Ecotourism is both a reason to manage forests
sustainably and a method by which this can be achieved.
Ecotourism takes many forms, from simply viewing an area,
to doing something within it, to actually exploiting it in a
sustainable way. Like all human activities, it may be mainly
economic in focus, with success measured byincome. On
the other hand, it may be focused on sustainability with
success measured by a limit on numbers of visitors.

9.6 Strategies for conserving the
biodiversity and genetic resources
of natural ecosystems

There is a very strong case for the conservation of natural
ecosystems and their associated biodiversity; in addition,
conservation can include the protection, preservation,
management and restoration of wildlife and habitats.

Consequently, a large range of strategies are applied to
conservation.

@D vmoumee = v o i o

Conservation: the protection and management of natural areas

Qlevel Environmental Management

sustainable harvesting of wild plant ang
animal species, sustainable forestry

and agroforestry

Any action described as sustainable must meet the
needs of the present without denying the neads of futyre
generations, This means we need ways of taking the j
wild animals and plants are required now and still legye
enough for people in the future. Perhaps the maost wej|
known examples of harvesting wild animals and plants are
fisherigs, forestry and medicinal plants. The successes ané
failures of harvesting wild fish are covered in Chapter

Many plants have medicinal properties because of the
secondary metabolites they produce. In many cases,

wild plants are the preferred source because cultivateq
varieties only produce small quantities, o even none,

of the chemicals we want to use. There have been Mary
attempts to control the harvesting of wild-grown medicin
plants, generally involving a management plan. Such 3
plan involves assessing the abundance of the plant (see
Section 9.2) then investigating the species’ growth rate,
reproductive biology and the impact of harvesti ng. Such
studies should lead to an assessment of the yield that

can be sustained by the wild population. Finally, the plan
includes details of how the harvesting could and should be
monitored.

In forestry, a variety of procedures have been devised to
try and achieve sustainability. An example is the practice of
selective logging. This involves removing only the mature
trees of the species that are of value. Other species and
immature trees of the valued species are left, allowing the
forest to repair itself. Non-valued trees still provide habitat
for many species and the immature valued trees can be
used years later.

Another sustainable technique is agroforestry. This is

a land management system in which crops are grown
around trees. In such systems, the trees enrich the soil
when the leaves fall, provide food for animals and firewood
for people. In some cases they also provide medicines.

In addition, the trees’ roots hold the soil together and, in
some cases, fix nitrogen, further enriching the soil. Farmers
obtain food and milk from the farm and the farmers’
animals enrich the soil with manure.

One widespread form of agroforestry is called alley
cropping. Perennial, preferably leguminous, trees of

e

Scanned with CamScanner

Scanned with CamScanner



. awnwith an arable crop, The trees
big gaps between them, The 1ops are planted
rween the rows ol trees, The trees are F]run{;{l

1 UNINGS used to improve the soil and provide
" 3l to the crop. Ifthe tree is a legume, these minerals
.~.. .o nitrate. Mineral recycling and the suppression
4 by the trees are combined with cropping on the
. and. This allows the land to be farmed for much
. than would otherwise be possible,
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yational parks, wildlife and ecological reserves

and corridors
. common response by governments to the need to
otect an area and its wildlife is to designate them as
cpecially protected regions covered by certain laws.
wational parks and wildlife and ecological reserves differ
mainly in size. Wildlife corridors have a special role, of
linking protected areas that otherwise would become
solated from each other.

The world's first national park was designated in 1872 in
the USA. Yellowstone Park has an area of 898 318 ha

(8983 km?) that protects nearly 2000 species of plants and
nearly 60 large mammals, including the grey wolf, lynx and
hison. America now has 59 national parks, with a total area
of 210000 km?, 2.18% of the country's total area. Canada,
itself a very large country, has the largest area of land
protected by national parks, at 377 000 km?, representing
3.78% of the country’s land. In contrast, the Central
smerican countries of Costa Rica and Belize have 25.1%
and 38%, respectively, of their land area protected by
national parks. The largest national park in the world is the
Northeast Greenland National Park, covering 972 001 km?.

Worldwide there are about 113 000 national parks, which
cover about 6% of the Earth’s land surface, or about

149 million km?. Governments have been slower to protect
marine ecosystems in a similar way, but a start has been
made. The largest marine park in the world protects the
Chagos Islands and their surrounding waters in the Indian
Ocean. This park has a total area of 544 000 km?. The Great
Barrier Reef marine park off the east coast of Australia
protects an area of 345 000 km”.

Once an area has been designated as a national park,

it should be protected from damage. Laws aré usua")‘.'
Implemented that ban or limit activities such as hu.mtir.lg
and logging, Even the collection of wildflowersis restricted

Chapter o
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Many iconic areas of the world only remain today because
they have been given having national park status, These
include the Pantanal Matograssense National Park in '
Brazil, the Everglades National Park in Florida, USA,
Redwood National Park in California, USA, 2nd the entire
Galapagos Islands off the coast of Ecuador, National
parks have detailed management strategies that will vary
according to the nature of the park.

Wildlife and ecological reserves are areas where the focus is
management of the area for the wildlife and ecology. People
actually living in such areas can feel they are in competition
with the world around them. An example of this situation
arose in Australia when attempts were made to setup
ecological reserves on rivers. The opinions of different
stakeholders ranged from those who thought the water is
there for the creatures that live in it, to those who thought
that too much was being spent on protecting fish and other
wildlife. The ultimate goal of a successful ecological / wildlife
reserve is to balance the needs of people and wildlife. This
can only be achieved with a strategy that protects the
wildlife and is part of a system people want and need.

wildlife corridors are areas of land that link large
reserves or other wildlife areas. When natural habitats
are fragmented, the remaining areas may be acquired
and set up as reserves. However, it has been shown

that many species are not be able to maintain a viable
population in smaller areas. For example, some species
are so dependent on trees that they never come down

to the ground. Therefore, even if another forested area is
only a few tens of metres away, individuals within the two
areas may not be able to mate or interactin other ways. A
corridor of trees between the otherwise isolated areas can

provide a solution to this problem.

_ﬁ——#
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Extractive reserves

Cveresenves attempt to find a balance between
‘estroving the forest for short-term benefit and stopping
eEAnOMIC activity, which can have an impact on
'ocal people. A poor rubber tapper called Chico Mendes
suggested the creation of protected areas in the Amazon
Forestin which local people would manage the land,
and then have the right to take products from the area. A
rancher was so outraged by Mendes’ ideas that he shot
Mendes dead in 1988, Ultimately, this tragedy led to the
establishment of the first extractive reserve. i at Alto Jurua
in the Brazilian province of Acre in the western part of the
Amazon rainforest. The Chico Mendes extractive reserve
was set up soon after. Brazil now has 88 such reserves
covering an area of about 200 000 km?. Rainforests
preservation is linked to the necessity of ensuring justice
and opportunities for the people who live there. As Chico
Mendes said ‘At first | thought | was fighting to save rubber
trees, then | thought | was fighting to save the Amazon
rainforest. Now | realise | am fighting for humanity.’

World biosphere reserves

Biosphere reserves represent another way of trying to
strike a balance between conservation while at the same

o TR fuld
SELBUelEnvironmental Managerment

time meeting peoples’ needs. Figure 9.19 shoy, th

€ bag
model on which all biosphere reserves are baseq. C

The ecosystems that need protection are locateq in

the core area. Human activities here are restricted tq
monitoring and possibly some research. The byffe, .
is an area where more research is carried out, together
with education and tourism. This area may therefgre
contain field stations with laboratories and recreationg|
facilities. The transition {or multiple-use) zone is wh e
local communities and conservation Organisations wgp,
together to manage the area for the benefit of the people
who live there.

One advantage of biosphere reserves is that they are
recognised internationally via the United Nations
Educational Scientific and Cultural Organisation
(UNESCO). This can improve the success of the reserye
because it makes it easier to attract funding and the
support of experts in the conservation community, The
benefits of biosphere reserves are many and affect local
people, local government, scientists and the world in
general. There are currently 669 biosphere reserves in 129
countries around the world (Figure 9.20).

é settlement

nd
Figure 9.19 The general structure of a biosphere reserve, with a core area protected by a buffer zone, which is managed, 2
a transition zone, where the authorities cooperate with people who live there.

el
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rure9.20 The distribution of biosphere reserves around the world in 2016,

Mayan Biosphere Reserve,
Guatemala

The Mayan Biosphere Reserve in northern Guatemala
contains part of one of the largest areas of tropical forest
inCentral America. In line with the general model of
abiosphere reserve, the Mayan reserve has core areas,
Wi‘lich include national parks and wildlife reserves
(Figure 9.21). The reserve contains lowland forest,
$&vannah, pine forest, lakes, lagoons, rivers, wetlands and
::_Kmﬂngmve forests. The core areas are the only part
teserve where laws govern the conduct of people.

Tht'uansitiun zone consists of mainly tropical forest
cated to the harvesting of xate palms, chicle gum,

" a?‘“ and ?imber. These activities are encouraged

: nm:ral" of giving the locals a livelihood that does not

- ::lash and burn. With slash and burn, vegetation

the g d""" and burnt and then crops can be grown on

stugd ndfor a few years afterwards (see the extended case
Yatthe end of this chapter).

The buffer zone in the south is an agricultural landscape
with some forest. The population of this area has

grown during the last 30 years, most in regions south

of the reserve. Archaeological sites in the reserve
include Tikal, a Mayan city, which gets as many as

180 000 visitors year™.

In 2008, President Alvaro Colom of Guatemala
announced the Cuatro Balam initiative to increase
tourism in the reserve, focusing on the archaeological
sites. The plan is designed to help the conservation

of biodiversity and archaeology, at the same time as
encouraging economic development in the region.
One aim is to attract 12 million visitors to the region.
Key features of the plan include a small train that will
carry tourists to and from the archaeological sites, and
a new university that will promote the study of the
region's biodiversity and genetic material, as well as
Mayan studies. Colom said that some of the planned
objectives could be achieved within just 2 years, while
others would take up to 15 years to realise. He also said
that to achieve any of this, the region would have to

e —— y ——
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Figure 9.21 Map of the Mayan Biosphere Reserve in northern Guatemala.

be protected from invasive farmers, ranchers and drug

traffickers, who are concentrated in the western part of
the reserve.

Research carried out in the Mayan reserve includes:

population studies of the Mexican crocodile
(Crocodylus moreletii)

the ecology of various bird species

the biology and conservation of parrots
measuring the abundance of fauna
fishery pressures in the San Pedro River
management of natural resources

the impacts of tourism

the impacts of subsistence hunting on populations
of jaguar and pumas

the biodiversity and potential uses of vascular plants
in the rainforest

development of communities near Flores, through
the hunting and conservation of the turkey (Pavo
ocelado)

the harvesting of traditional non-timber forest
products such as chicle (Manilkara zapota) and xate
(Chamaedorea spp.).

Questions

1

Suggest the possible benefits of the Cuatro Balam
plan to:

a  local people
b the world in general.

Suggest how ‘hunting and conservation’ of Pave
ocelado can both be achieved in the same area.

Explain how the biodiversity of plants in the
rainforest can be studied.
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Chapter 9; Natural ecosystems and human activity

-nks, zoos and captive breeding

. < become severely threatened or even
whe ¢ last resort for conserving the species within
S L heto put theminto zoos (in the case of animals)
+ nanks (in the case of plants).

(.1':"- .
4 nlant populations can be destroyed by habitat

Yl E

estruction caused by, for example, floods, fire, climate
“rangeand over-harvesting. Wild plants may carry genes
at could be used in crop plants to confer resistance to

Jests and diseases.

fitisno ot possible to protect the area where the plants live,
e plants can be preserved as seeds in seed banks.
(&)

ceeds are stored rather than living plants because less
<ace is required, so more species can be held in the

;-ail able space. Also, most plants produce large numbers
of seeds so collecting small samples of seeds is unlikely
1o dzmage the wild population. Finally, seeds are easier

v store than whole plants because they are dormant and
need minimal care. Figure 8.22 shows the process of seed
storage @nd Figure 9.23 shows the Global Seed Bank on
the island of Svalbard at about 78 °N.

i
|

Zoos and captive breeding

Zoos have three main roles in conservation, First, they
zre very good at providing education about the illegal
trade in animals and products and the need to maintain
biodiversity. Secondly, zoos are involved in scientific

seeds collected from a number seeds from several plants are like
of individual plant 1o have a higher genetic diversity
than seeds from a single plant.
 seeds X rayed to ¢ this allows only seeds that
E m 3 H—tn could germinate to be
— < selected for storage

reducing water content increases
the length of time a seed can be
stored and remain alive

reducing water content increases
the length of time a seed can be
stored and remain alive

if the success is poor seeds are
collected from those plants which
do grow and re-slored

Figu
® ":}91: The stages in the storage of seedsin a
ank,

research on the control of diseases, animal behaviour and
techniques to improve breeding success. Third, 2005 have
avery important role in captive-breeding programmes

to increase species numbers, thus reducing the risk of
extinction, with a view to releasing captive-hred ammals
into the wild when habitats have heen restored. Such
programmes try to maintain the genetic diversity of a
species, because inbreeding can lead ta a reduction in
diversity and therefore reduced adaptability if and when
the species is placed back in the wild. However, some
z00s only have a small number of individuals, so zoos try
to avoid inbreeding and reduced adaptability in a number
of ways:

+ organisms are not allowed to breed repeatedly with the
same partner

+ avariety of partners for an organism can be achieved
by in-vitro fertilisation and inter-zoo swapping of
individuals

+ all zoos use a database called a studbook to record the
breeding history of individuals in captivity.

Sustainable tourism and ecotourism

Tourism can be a very important source of income

for a country or a region. However, tourism can also
be very damaging. Habitats are destroyed to provide
accommeodation, such as hotels, for tourists. The often
huge but temporary increase in the population of an
area leads to increased pollution and other problems.
Iftourism is managed in a sustainable way to prevent

-

Figure 9.23 The Global Seed Vault on the island of Svalbard,

Norway. The site is dug in to a mountain on land inside the
Arctic Circle at 78 °N.
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.:mmap,r_' to habitats and provide what people want, it

is called sustainable tourism. Ecotaurism is n. form ;’J[
sunla.inahlo tourism that is guided by environmental
principles. Measures are taken to safeguard the wildlif
of the area and the natural resources are used in a )
sustainable way. The key to successfyl sustainable
ecotourism is realising that the growth of the tourist
md_u:;:.t!ry depends on maintaining the environment. One
definition of ecotourism is responsible travel to nal-ural
areas that conserves the environment and improves the
welfare of the local people,

The scarlet macaw in Costa Rica

Of 146 species of new world parrots, over 40 are
threatened. The scarlet macaw (Ara macao) is one of
these (Figure 9.24). In Costa Rica, by the late 20th
century, they occurred in only two areas, the Osa
Peninsula and the Central Pacific Conservation Area
(CPCA). Populations in a 560 km? area of the CPCA
were monitored from 1990 until 2003 and managed
from 1995 until 2003.

The birds are most visible during their daily flights
between nocturnal roosting areas and feeding sites.
For this reason, counts of the birds were made
during their daily flights, from May 1990 until
October 1994. The results of this monitoring are
shown in Figure 9.25.

Figure 9.24 A pair of scarlet macaws in flight.

The study at this stage confirmed a decline in numbers
and a macaw conservation strategy was developed at a
workshop in 1994. The strategy focused on minimising
chick poaching, the enhancement of habitats and

'_j.L“-"'"'!_1_i._J'_.U_'.LI."".'!!Jl-i STIONS |

9.15 List the advantages of agroforestry as 5
bullet points.

9. 16 Explain the differences between land
management in the core area of a biosphare
reserve with that in an extractive reserye.

9. 17 Suggest why plants are often conserved
by creating a seed bank whereas anima|
conservation is often carried outin a zo0,

"':":rili_-_'}q

community education. Subsequently, nest boxes were
constructed and natural nests were protected, This Wis
done under the auspices of the association for parrot
protection, LAPPA. This organisation worked with
ranchers, park workers, scientists, the local community
and ecotourism organisers. The strategy also included
raiding poachers’ homes, confiscating poached chicks
and tree-climbing equipment, arresting poachers and
writing newspaper articles criticising named poachers.
The effect of this strategy on macaw numbers is shown
in Figure 9.26.

The Central Pacific scarlet macaw population is
important for ecotourism. In 1994, more than 40 000
tourists spent US$6 million during visits to the area. It
was reported that most of the tourists came to see the
scarlet macaw. It was also reported that less than 10%
of the money generated by tourism went to the local
community. More recently it has been reported that
tourism in the Central Pacific region employs more
adult Costa Ricans than any other industry. The hope
is that chick poaching will stop when communities see
that the income from conserving macaws is greater than

from poaching them.

Questions

1 Using Figure 9.25, calculate the average yearly rate
of loss of birds from 1990 to 1994.

2 Using data from Figures 9.25 and 9.26, suggest how
successful the experimental conservation strategy
started in 1994 has been.

3 Explain why it is claimed that scarlet ma
worth more alive in the wild than either
caged in a house.

caws are
dead or
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Figure 9.26 Scarlet macaw numbers between 1989 and 2003. The population was subject to management
} between 1995 and 1997.
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ﬁ PRACTICAL ACTIVITY 9.1

Estimatj i one grazed by an animal and one not). If you are looking at a
S E tcovemguing QU grad?ent you will need to place your quadrats systematically
along a line (a transect) that crosses the gradient (see Figure
9.10a). If you are looking at two areas, then you need to place
your quadrats randomly (see Figure 9.10b).

Tocarry out this practical, ideally you need to find a

Place outside where there is either a gradient from one
€nvironment to another (for example at a woodland edge or
3cr0ss a footpath) or two areas that are different (for example

|
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TET H
if you do not have cpmmemmlly bought quadrats, it is easy + Random number table
to make one. You will probably want to make one 50 cm on «  Penand paper
each side (a square), but it can be any size depending on SRS
what you are studying. Four (or even two) rulers can be used Method
ttjosn:r?kf_‘ ;a Quadr::t. F?;_a S0cm qhuadrat you will need two If you are using a transect lay your line across th
.5 m or larger rulers (Figure 9.27). [ L s - e
be studied and put your quadrat at the first position

+  Ifyou are comparing two areas, lay your quadrat at the
coordinates generated with numbers from a random
number table Figure 9.11 shows how to place quadrats

» Once you have placed your quadrat, you need to count
or estimate the plant coverage. If the plants can be seen
as individuals they can be counted, if not you should use

J percentage cover (see Figure 9.9).
Figure 9.27 Two metre rules used to mak
makea 50 cm quadrat. . Record your results. (For advice on creating an
appropriate results table, see the Key skillsin
Environmental Management chapter).

Materials
+ Quadrats i i

Present your results in an appropriate format, then write a
« Two0.50r1mrulers conclusion

16lnn]

After completing this chapter, you should know:

why habitats are lost and the consequences of their loss

a different levels of organisation in ecosystems, =
including population, community, habitat and niche = why forests are removed and the consequences of this
= the difference between biotic and abiotic factors removal.
within an ecosystem m whywe should try to keep forests
= about some of the relationships between living things a some strategies for the sustainable management of
within an ecosystem forests
s how energy flows along food chains and food webs = how to estimate biodiversity using avariety of
within an ecosystem methods together with random and systematic
= how to use pyramids of numbers and pyramids of energy sampling
m that photosynthesis and respiration as key processes m the advantages and disadvantages of various
in plants strategies for conserving ecosystems and the species
& how nutrients, especially carbon, cycle within an within them.

Ul

End-of-chapter questions

d for agriculture. In some cases the cleared land is used to 8O
n of biofuels. One scientist said this was a

eutral. Another disagreed with this statement:
2 marks]

1 Forestsareoften cleare
plants, which are then used for the productio
good idea as the fuel produced was carbon n

Explain your view on this.
(4 marks]

2 Explaintheimportance of chlorophyll to the ecosystems of the world. ///

|
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3 Fipure9.28sh :
> ows changes in an area of wetland in the US state of Minnesata guer the past

150 years.
a ;
" gcstflb{' the Chﬂﬂg{‘h that have occurred between these three pr.*ri-‘..d',_ {3 m’l'k!l
”“32951 one strategy that could be used to conserve the remaining wetlands, and ane
1at be used to extend wetland cover in this state. [4 marks]

key
[ wetland area

present day

150 years ago 20 years ago
Figure 9.28 Changesin an area of wetland in the US state of Minnesota.
Source: Cambridge IGCSE Environmental Management 0680 Paper 1Q6 June 2007

were found living in streams both
e temperature ranges as follows:
sC. neither was found. In streams

4 Two species of flatworm, A and B, were studied. They
alone and together. When alone they were found in th
A, 8.5-19°C,and, B, 8 5-23°C. At temperatures above 23
where both flatworms occurred, Awas not found at all in temperatures above 14 °C. Suggest
and explain a reason for this, assuming that both species eat the same food. [4 marks]

represents the numbers in each of four trophic (feeding) levels in 2 woodland

5 Figure9.29
ecosystem.

sap-sucking
Frsects

Figure 9.29 The numbers in each of four trophic |evels in awoodland ecosystem.

a Towhich trophic level do the s2 p-sucking insects belong? _ | [1 marks]
b Some students told their reacher they were surprised that the diagram did not form
i i i hem to

i ite down what you think the teacher might have said tot
a pyramid shape: Write dowr T
explain whyitisnota pyramid. L i _If m:
The information below was collected about the organismsin Figure 9.29. Using this informal

ei . ‘

and Figure 925, drawan annotated pyramid of energy for this woodland food web.

average mass of onetreé= 1000 kg .
average energy content of tre€s= 5kig

_cucking insect= 0.01g
mass of one 53P suc g B -
it content of sap-sucking insects =8kJ &

f one insect: eating bird = 5g

(10 marks]
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Environmental Management

Deforestation in Madagascar

Madagascar is a large island off the east coast of southern Africa. It became isolated from all other land
masses about 90 million years ago. During most of the time between then and the present day, the animals i
and plants have been left alone, This means that over 90% of the organisms living on the island live only I
there and nowhere ¢lse on Earth: they are endemic to Madagascar. About 2500 years ago, humans arrived ;
on the island. Since then over 90% of the once lush forest has been lost (Figure 9.30). !

EXTENDED CASE STUDY

dry deciduous
forest

mangroves

-

Original 1950 1985
extent

Figure 9.30 (a) The main vegetation zones of Madagascar. (b) Loss of eastern humid forests since human
colonisation 2500 years ago.

Much of this deforestation has occurred quite recently, and is largely due to slash and burn, a practice
called tavy in Madagascar. This is a valued agriculture technique and is also of cultural significance.
Parcels of land pass from the family who first cleared them to the descendants of those people. The areas
are carefully selected by taking account of the species already there and the colour of their leaves, both
indicators of how fertile the soil is. A hectare or so of forest is cut down and then burned. No trees are left.
Burning turns the cleared vegetation into ash, which is rich in minerals. It also destroys potential pests and
weeds. The resulting area is planted, usually with rice. The cleared land can usually support a rice crop for
only 2 years, giving a yield of about 900 kg hectare™ year™. It is then leit to recover, usually for 4 years. The
vegetation that has grown in those 4 years is cut and burned again, and rice is cultivated for 2 more years.
This sequence can be repeated once more, but after that the area is useless for further cultivation.

There is also quite a big world market for timber from Madagascar. The eastern part of the island has
a band of tropical rainforest, and it is from here that most of the valuable trees are taken. The most
important of these are ebony and rosewood, which can be worth US$ 1000-2000 tonne™,

Many of the profoundly poor people of the country can earn a little money from the sale of charcoal. This
is made from many types of wood, leading to further deforestation. In this case, it is the spiny forests of the
south-west which are very badly affected.

Tavy is a very controversial practice both inside Madagascar and internationally. Primary rainforest, much |
valued for reasons already discussed, is turned into secondary growth and, ultimately, grassland. Deforestation |
leads to desertification, extensive soil erosion and nutrient loss. Minerals are lost because of leaching and are }
taken out in harvested crops, together with some (mainly carbon and nitrogen) that is burnt off. :
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rerm, levels of soil minerals increase, but the

nthe sht*'” ing. One study has shown that nutrient leve
o pn-ROTE

joss i¢ o were back to the starting point w

y soon decline again. Over the long term, nutrient
Is in the soil had increased by about 25% 2 years

ithin 6 years. The same st
ars. same study showed that after 160 years
aftef rI.I veles, nutrient levels had fallen by 25% from the bcginniug of the cycle and that the trend was

avy €1
e itently downward.
cons

¢ s0ils

-nﬂ‘i’"“m
L9
garies: Pré

of Madagascar. like those in most tropical regions, are laterites, These soils are rich in iron
s and deep red in colour. From space, astronauts have seen red-stained water at many river

,mpting them to describe the island as *bleeding to death’ (Figure 9.31).
est

siboka showing silt from

e River Bet
Figure 9,31 (a, b) Laterite soils of Madagascar. (c) The estuary of th

the lands in the interior being washed out sea.

i d in Madagascar have been

nimals that once live : bl
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Questions

1

.
-

R
: .-' .ESEandDLeuel Environmental Management

Fxplain what is likely to happen to lead to the recovery of a plot that has undergone tavy.

If the level of nitrate in a soil before tavy was 5 g kg, use the information in the case study to calculate
what it would be: |
a  2years after tavy |
b 160 years after 1a vy

EX}EI;:\ in the causes and consequences of the observation by astronauts that Madagascar is ‘bleeding to
cath’,

Calculate the total yield from a hectare of land cleared by tavy after 18 years of this process.
Suggest two reasons why it might be difficult for the Madagascar government to control deforestation.
Suggest why the loss of animal species may be an issue for the people of Madagascar.
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chapt€ _
1 ,] rock
cooling " weathering and erosion
2 / / heat and
A mening/ pressure
/‘_\3 / sediment
f ma
g weathering
‘\_"/ and erosion
' weathering compaction and
melting | and erosion cementation
/s sedimentary
:-no-fphlc
mewm heal and
———— pressure
'l pescription | Rock type
oncke farmed in the sea from Sedimentary
| particles of eroded rock
[ Rocks changed by heat Metamorphic
[
Rocks formed from the lgneous
cooling of other molten rock

Toinclude:

. size of deposit

« geology

v accessibility of site, transport links (existing or
future)

+ likely cost benefit (worth of deposits versus costs of
extraction)

+ safety

+ world price.

Much less costly to remove overburden than to drill
down. Deposits are easier to find on surface. Safety

I53ues may need more consideration and cost more in
asub-surface mine.

itisillegal to mine then the other legal factors
“r€ unlikely to have been considered. So, safety
:i?;‘é’ﬁrﬁents will hauel been ignored, putting anyone
ignore?me atrisk. i?nwronmental laws w|lllaiso be

S0 there will be no control on the impact of the

mine. This is likely to include pallution aspects a5 well a-

landscape effects

6 Plants are the primary praducers in nearly all

ecosystems, This means they make all the foad that all
other organisms in the system rely an. Reduced plant
growth will thus mean less food for herbivares and,

in turn, for carnivores. They pravide more than foad
though. They also provide hahitat for other arganisms
including other plants. In addition, reduction in the
growth of plants may lead to a reduction in their
ability to protect the soil. Soil erosion may be another
consequence of the reduction of plant growth.

7 The treating of waste in situ (on site) will involve much
less cost, especially that of transport.

The treating of waste ex situ (off site) has the advantage
of taking any contaminants, which the waste may
contain, away to somewhere that is more suitable.

8 Itwill reduce the necessity for mining and extracting
more material, which will reduce the environmental
effect of these activities.

Obtaining materials early always involves the
expenditure of energy and it may be that recycling
would reduce the energy costs.

The recycling of waste can create jobs.

Chapter2

1 a 188/22560x 100=0.83%

b Iceland and the USA are both industrialised
(developed), they also both have colder climates so
more energy is used in heating and lighting.

2 Water is pumped underground where it is heated by
the hot rocks. As the water reaches the surface the
change in pressure turns the water to steam. The
steamn turns a turbine, which rotates the generator
to produce electricity. The cooling water can then be
reheated by the rocks underground.

3 Healthy economies produce more goods (more energy
used), they also consume more goods (needing greater
transport to supply them) and have more wealth to buy
non-essential items (using energy in their manufacture).
People alsc travel more in their leisure time.
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Examples could include the following,

Government forcing a change:

*  planning laws on energy use for new buildings

+ banning energy-inefficient designs

* banning use of energy sources that are particularly
polluting, etc.

Government encouraging change:

*+ grantsto scrap inefficient machinery

« taxes on fuel (encouraging machines with low
running costs and energy use)
education

- providing alternatives such as public transport.

It might be unfair because it does not take into

account:

« climate (the need for heating)

+ geography (distances that have to be travelled)

+ economy (some countries depend on industries
that need large amounts of energy)

+ demographics (the age of the population, the rate
of growth) and the impact this may have on energy
use.

The largest spills have all happened on land. Oil is not

able to spread so widely on land as it does on the sea,

where it forms a thin layer. A smaller amount of oil can
impact a far larger area at sea.

Lack of light will kill organisms that photosynthesise

(such as marine plants and phytoplankton). These

are the producers in the food web. If these are

removed, there is an impact on the food supply of all
other organisms in this environment. This impact is
potentially larger than for those animals that come into
direct contact with the oil.

Chapter 3

:

Limestone is alkaline so is likely to increase the pH of
the soil (make it less acidic).

At pH 8.0, the following nutrients are less available:

« boron (B)

» iron (Fe)

« copper (Cu)

s zinc (Zn)

« and, most importantly, phosphorus (P) (because it
is needed in larger quantities).

3 Reductioninyield Leaves are discoloured Glda,

leaves drap off plants prematurely. Plants mora p,

to pest/disease, crops do not store so well in cre, -

Arable C AD
S —
Pastoral B

" _-_-_‘_‘_‘-‘-‘_‘-4
Mixed .
. —

5 Reasons could include:

- maximising the yield from the crap plants

« reducing costs by using resources as efficientyy ,.
possible

+ improvements to crop quality/reduction is pes: are
disease problems

. efficient use of the grower’s time.

6 Speeding up of the breeding programme, which ma,

take many years if only trial and error is used, The
opportunity to introduce a new characteristic that is
not naturally found within that organism.

7 Use adifferent insecticide that has a chemical formyz

different from the original one. Use biological control
to reduce the problem without the need for chemicais
Select different varieties in the next season that are
maore pest resistant.

8 Use arange of insecticides on a rota basis to reduce

the risk of resistance to any particular one. Use crop
rotation to reduce pest numbers. Only spray when
absolutely necessary, not routinely.

2 Too little Too much

irrigation irrigation

Nutrient Lack of Leaching of

availability | uptake dueto nutrients through
insufficient water | the soilso
availability unavailable to

crops

Root Stunted Risk of root death

growth growth due to dueto lack of
lack of water oxygen in the soi
for essential (air spaces filled
processes with water)

10 There may already be sufficient nutrients in the sol
but the plant is unable to access them dueto drﬂlu;%f“-
Pest or disease attack might impact on the plants
ability to use the nutrients. The addition of teo r“'v'\i”
fertiliser may damage the plant (damage the 0ot
The fertiliser added might not contain the nutrient (N
is in short supply (and an abundance of othersl.

I
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ferrc<' 76 :
1 co r ploughing
rages:

Ady
12 .,ces wind speed

L]

-t provide useful shade for 3 crop

ight provide a habitat that supperts Natural
r»._edatc}rs

its roots might help stabilise a sqil ang Prevent it
b!g\‘.'iﬂg away. :
Dgi_a(jual"ltagESZ

. mightshade the crop and reduce growth
will compete for water

. makes it more difficult to cultivate fields

. might provide a habitat that supports pests or
diseases.

13 Use of (permeable) netting or mesh.

Chapter 4

1 Liguid water is found on the surface of the Earth
in oceans, lakes and rivers. It is also found inside
plants. Water turns from a liquid to 2 gas, water
vapour, in a process called evaporation. The water
vapour then condenses to form clouds. Liquid
water falls from clouds to the Earth in the process
of precipitation. Some of the water is prevented
from reaching the ground by plants in the process
of interception. Water that reaches the ground may
enteritin a process called infiltration. The rest
enters rivers by run-off.

2 Becauseitis salty. Consumption of salt water leads
to an increased loss of water to rid the body of the salt.

3% of all water is fresh. So 0.3% of 3% is surface water.
That is 0.03 % 3 =0.09%. Lakes form 87% of this. That is
0.87 = 0.09 = 0.0783%. Thus less than 0.1%6 of all water

onEarthisin lakes.

The process of desalination, however carried out,

consumes a lot of energy, which is abundant in oil-rich
Countries,

piacial water is unlikely to be important as it exists
IN regions that are very cold, so it would cost a

1ot of energy to melt it in order for it to be used.
Groundwater requires the drilling or digging of
Wells, which requires funding and technology. Large
Numbers of humans are without either the funds of
'echnology to pursue either of these water sources
@nd so rely on surface water.

° h
Environmentat [+ . .

i E At 4
hakstar f
! And spo i
RA M
—_— | | be d
Economic The generation | very excen
of electr City in 10 st up

hydroelectric
power plants
Irrigation
Tourism and

leisura

Provides
access by boat
to otherwise

inaccessible
dareas
Social Flood contral Peaple have 1o
The provision of | o€ Meved n
water People
downstream of
the cam may

be affected in
terms of water
supply and the |
enrichment

of soil which |
flcedsbring |

T Verysimply, all dams over time accumulate silt befund

them (in the reservoirs), and when this reaches the
height of the water in the reservoir, many of the dam’s
functions become impossible, For example, if no
water flows through the turbines, no electricity can be
generated and a reservoir that no longer exists cannot
store water or provide a route for boat travel.

Both typhoid and cholera can be transmitted through
contaminated water. This is because they are both
caused by bacteria that enter the water. On the other
hand, the organism that causes malaria does not live
in water. It lives in the body of female mosquitoes,
which transmit it to humans.

Potable water is water that can be drunk safely.
Sewage treatment is not normally designed to produce
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toble water. However, in more advanced sewape
pat plants a terLiary level of reatment disinfects

wor with chlorine. This makes it potable,

s 15 because some countries produce large
amounts of the gases that cause acid rain in industrial
processes. Mher countries, hundreds of miles Away,
may produce only small amounts of these gases.
Because the gases enter the atmosphere, winds
can blow them from a producer to a non-producer,
Scandinavian pine forests were badly damaged by
acid rain gases from northern Europe.

Rain is formed by a process of evaporation of water
from surfaces of water bodies. Any contamination by
pathogens in that water will be left behind in the water
body, and will not be carried in the water vapour. Rain
falling on a roof should be relatively pure. Rain that is
collected in a2 pond or lake is much more likely to be
contaminated with pathogens.

Malaria can be treated using certain drugs. Because

a vector carries it, mosquito vector eradication would
also be suitable.

Both cholera and typhoid are caused by bacteria,
which can be carried in human faeces. The best way
to control these diseases is improved sanitation. Good
sanitation is designed to separate human faeces from
the water that humans drink. A clean water supply will
be free of these bacteria; in the absence of improved
sanitation, this can be achieved through chlorination.

Chapter5

Both types rely on the movement of seawater to
move a turbine, which then generates electricity. In
the case of tides, this movement is generated by the
gravity of the Sun and Moon, which cause the water
to rise and fall twice a day. Wave energy relies on the
perpetual movement of the waves caused by wind.
Waves are more variable than tidal, which is also more
predictable.

The coast constantly experiences waves. These can be
converted into electricity all the time as the turbinein
the Islay LIMPET turns the same way whether the wave
is coming into the tube or leaving it.

Sewage pollution makes water unsafe to drink
because of the pathogenic bacteria in sewage. These
can cause diseases such as typhoid and cholera.
Seawater is fairly unlikely to carry such bacteria,
although it is possible especially near the coast and
river mouths. The main reason that seawater is unsafe

1 elrink is because of its high level of salt. The sai
cannnt be excreted by humans without using more
water than is gained by drinking seawater, So, df,nk-‘ng
seawater will cause dehydration.

They are near coasts soitis much easier to fish thers
The water is quite shallow, so there i5 3 good supply of
sunlight for photosynthesis. The sea receives mirerals
from the seabed. so in the open ocean the shallew, it
area is too far above the seabed, in most situatians, tg
receive the minerals,

The normal ocean current system in this part of the
world acts to bring minerals to the surface. These
minerals encourage the growth of phytoplankton,
which are food for fish. When the current system is
reversed due to El Nifio, this upwelling of minerals
stops and phytoplankton numbers fall, thus starving
the fish.

a Cold current, dashed lines; warm current, solid
lines.

b BothAand B are affected by a north-flowing cold
current that serves to stir up minerals from the
seabed. These enter shallow waters, where there
is plenty of light, and, by the time the currents
reach the tropics, it is warm. Water is, of course,
abundant, as is dissolved carbon dioxide, so all the
requirements for good growth of phytoplankton
are present: water, carbon dioxide and light for
photosynthesis, and minerals for the manufacture
of proteins and other chemicals. Abundant
phytoplankton leads to a high population of the fish
that feed on them, and the fish that eat the fish that
eat the phytoplankton, along the food chain.

a Thetrend is upwards and, despite El Nifios in
1957-58 and 1965-66, this is not affected because

the catch is still relatively low. There was a small
decline in 1965-66.

b The dramatic fall in 1972-73 was probably caused
mainly by the El Nifio, but over-fishing is now
becoming important so, despite no more El Nifios
until 1982, the decline continued through these
years.

¢ Once the serious El Nifios of 1986-88 were over, the
fishery began to pick up, possibly due to measures
designed to stop over-fishing, so stocks are
recovering.

Culturing of marine fish is very difficult because the

fish need different foods at each life stage, and this

is difficult to supply for carnivorous fish, which aré
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potable water. However, in more advanced sewage
treatment plants a tertiary level of treatment disinfects
the water with chlorine. This makes it potable,

This is because some countries produce large
amounts of the gases that cause acid rain in industrial
processes. Other countries, hundreds of miles away,
may produce only small amounts of these gases,
Because the gases enter the atmosphere, winds

can blow them from a producer to a non-producer.
Scandinavian pine forests were badly damaged by
acid rain gases from northern Europe.

Rain is formed by a process of evaporation of water
from surfaces of water bodies. Any contamination by
pathogens in that water will be left behind in the water
body, and will not be carried in the water vapour. Rain
falling on a roof should be relatively pure. Rain that is
collected in a pond or lake is much more likely to be
contaminated with pathogens.

Malaria can be treated using certain drugs. Because
a vector carries it, mosquito vector eradication would
also be suitable.

Both cholera and typhoid are caused by bacteria,
which can be carried in human faeces. The best way
to control these diseases is improved sanitation. Good
sanitation is designed to separate human faeces from
the water that humans drink. A clean water supply will
be free of these bacteria; in the absence of improved
sanitation, this can be achieved through chlorination.

Chapter5

1 Both types rely on the movement of seawater to

move a turbine, which then generates electricity. In
the case of tides, this movement is generated by the
gravity of the Sun and Moon, which cause the water

to rise and fall twice a day. Wave energy relies on the
perpetual movement of the waves caused by wind.
Waves are more variable than tidal, which is also more
predictable.

The coast constantly experiences waves. These can be
converted into electricity all the time as the turbine in
the Islay LIMPET turns the same way whether the wave
is coming into the tube or leaving it.

Sewage pollution makes water unsafe to drink
because of the pathogenic bacteria in sewage. These
can cause diseases such as typhoid and cholera.
Seawater is fairly unlikely to carry such bacteria,
although it is possible especially near the coast and
river mouths. The main reason that seawater is unsafe

to drink is because of its high level of salt. Tha ¢4t
cannot be excreted by humans without using mgra
water than is gained by drinking seawater. So, drinking
seawater will cause dehydration.

They are near coasts 50 it is much easier to fish there.
The water is quite shallow, so there is a good supply of
sunlight for photosynthesis. The sea receives minera|s
from the seabed, so in the open ocean the shallow, it
area is too far above the seabed, in most situations, to

receive the minerals.

The normal ocean current system in this part of the
world acts to bring minerals to the surface. These

minerals encourage the growth of phytoplankton,
which are food for fish. When the current system is
reversed due to El Nifio, this upwelling of minerals
stops and phytoplankton numbers fall, thus starving
the fish.

Cold current, dashed lines; warm current, solid
lines.

Both A and B are affected by a north-flowing cold
current that serves to stir up minerals from the
seabed. These enter shallow waters, where there

is plenty of light, and, by the time the currents
reach the tropics, it is warm. Water is, of course,
abundant, as is dissolved carbon dioxide, so all the
requirements for good growth of phytoplankton
are present: water, carbon dioxide and light for
photosynthesis, and minerals for the manufacture
of proteins and other chemicals, Abundant
phytoplankton leads to a high population of the fish
that feed on them, and the fish that eat the fish that
eat the phytoplanktan, along the food chain.

The trend is upwards and, despite El Nifios in
1957-58 and 1965-66, this is not affected because
the catch is still relatively low. There was a small
decline in 1965-66.

The dramatic fall in 1972-73 was probably caused
mainly by the El Nifio, but over-fishing is now
becoming important so, despite no more El Nifios
until 1982, the decline continued through these
years.

Once the serious El Nifios of 1986-88 were over, the
fishery began to pick up, possibly due to measurés
designed to stop over-fishing, so stocks are
recovering.

Culturing of marine fish is very difficult because the
fish need different foods at each life stage. Efﬂd this
is difficult to supply for carnivorous fish, which 3%
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« like to eat, Farmed fish easily succumb

- and parasites. Marine fish farms have

" _dacts on their surroundings.

At it could reduce over-fishing and, most

_the taking of bycatch. Fishers: it is much
<y in terms of danger at sea, and financially as

e more predictable. Consumers: The fish may

+r-e Y :c\- less costly than the expensively caught wild

;.f“lrr*i nere are some suggestions that farmed fish are

heat Ithier.

£ 5ch tick mark on the pie is 10%, so there are 60%
over-fished and about 8% depleted, which is a total of
g6%, which is definitely unsustainable.

10 &

88 1oason for over-fishing | Possible solution

Large gestructive nets Control of net types

Large diamond-meshed | Inclusion of square-mesh

nets panels
Large boats Licensing, restricting

Beats thatcan stay out | Licensing, patrols
atsez forweeks

Satellite location of Limiting by law

shoals

Humazn population Any measure to reduce
| growth this

12 The large-scale fishery operation would never have
Weallin at a port, so it is much harder to monitor
tne catch being taken compared with the small-

sczle operation, where | inspections can easily be
Carried out.

The oceanic eryst is

YOunges: heayiar . marcja up of
l"'1E!IF\|y' basalt thinn oroitean -

destroyed

Nk and s renewiod and

Aslabor piece of I:'.F'..".f,f.'.'.n-r- (crust and Upper martia
that moves.

-

Answeor will vary depending on whers yry, |

Edge or margin of tectonic plates/wharea glates meet
maove apart or maove together

Convection currents in the magma of the mantle
destructive

destructive

conservative

constructive

destructive

o P o N o W

Friction is created and pressure is released when
the oceanic plate is subducted. This takes placein
the Benioff zone. At a collision zone earthguakes
occur as the two plates move towards each orher

b Pressure builds up as the two plates lack togsther,
When the plates slip the pressurs is raleased in the
form of seismic waves,

a At700 kmdown the subducted oceanic plate has
disintegrated and the magma rises to the surface,
where it erupts through a crack or weakness to
form a composite or acidic volcano.

b Two plates move away from 2ach otner due to
convection currents, Creating a gap or weakness.
Magma rises and erupts through the gao. The
basaltic lava may build up and appear above the
sea surface as a shield volcano.

Himalayas = Eurasian and indian plates

Andes = Nazca and South American plate

Rockies = Pacific and North American plate

An earthquake is when the ground shakes or moves in

sudden jerks. Earthquakes result from a build-up and

sudden release of tension, usually along a fault line.

The focus is where the earthquake begins

underground, and the point on the Earth’s surface,

directly above, is called the epicentra,

The Richter scale on a seismograph.

Ahole or crack (fissure) in the crust through which
magma erupts. It can build up to form a cone-shaped
mountain,

Liquefaction, as this is the only earthquake hazard.
Lava is magma that erupts at the surface of the Earth.
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17 Found between 5° and 20° north and south of the
equator.

18 Ocean temperatures of over 27° {one ¢

19

20
21

22

ondition) and
water depth over G0 m (second condition) so th

Is an increase in evaporation and release of energy

Little wind shear (third condition) to allow vertical
development of the storm.

Sky belcomes cloudy, wind speed increases, rain with
sunny intervals. Wind speed continues to increase to
over 119 km h™. Large cumulonimbus clouds and very

hea\,"y rain. In the eye of the storm the sky is clear. winds
are light and there is little rain. Temperatures are warm.

Afle‘r the eye has passed cumulonimbus clouds form
again, with the return of heavy rain and strong wind.
Wind speed and rainfall decreases. Sunny intervals.

The energy source (warm ocean) has been removed.

" |
Flash response | Slow response

Urban Forest
Ploughing downslope Rural

Wet soil Dry soil
Impermeable rock Light rainfall

Heavy rainfall Permeable rock

Rapid snowmelt Ploughing across the

slope

at there

Answers will vary.

Chapter7

1 gases, gravity, nitrogen, 78.09%, oxygen, argon, carbon

2

3
4

dioxide, 0.03%, ozone, stratosphere

Used by plants in photosynthesis and plants support
other life; a greenhouse gas; raw material for
carbonaceous skeletons.

Troposphere

Troposphere: temperature decreases with Ijeight
(6.4 °C km™") as warming effect of the E.ar‘th's surfaFe
through conduction and convection diminishes with
height. |
Stratosphere: temperature increases wilth 'hmght as
ozone absorbs incoming ultraviolet radiation.
Mesosphere: temperatures decrease with height as
there is no water vapour, dust or czone to absorb the
incoming short-wave radiation.

Thermosphere: temperatures increase as atomic
oxygen absorbs ultraviolet radiation.

12

13

Any two of carbon diazide, methane cpe

! ".- I'h'lrf-,ur
oxiclos, *

The Earth receives incoming short-waye radiating
from the Sun. About half of this radiation - at \
by the Earth's surface, around 20% i, absarbed by
atmosphere, and 30% is reflected by clouds, 3nq ,_’;'q ’
Earth’s surface back into space. As the Earthys -, itfsen
warms, outgoing long-wave or infrared radiangn '
released back into the atmasphere, Greenheep @;_a
absorb some of this radiation and deflect it ey,
the Earth's surface. These greenhouses gases ars lees 3
blanket trapping the radiation.

e
130 Gey

CFCs stay in the atmosphere longer than methare
(1000 years compared with 12 years) so their impaes
continues into the future

When the atmosphere contains gases and substanees
in harmful amounts.

1B, 2D, 3A, 4C
CFCs

Smog (smoke and fog) occurs where the burning of
fossils fuels in industry, homes and vehicles provides
additional particles that act as condensation nuclei for
fog to form around.

The enhanced greenhouse effect is where more heat

is being retained and there is a warming of the Earth's
temperature because of an increase in concentration
of greenhouse gases.

People: breathing difficulties; acidification of
groundwater makes water undrinkable and can cause
diarrhoea and stomach upsets; aluminium leached
from the soil into the groundwater has been linked
with pre-senile dementig; limestone buildings are
chemically weathered; crop yields decline.
Environment: trees affected as foliage dies;
acidification of groundwater damages tree roots;
nutrients such as calcium are leached out of the soil;
aquatic and animal life in lakes are poisoned and
decrease as acidity levels increase.

Higher levels of ultraviolet radiation causes sun burn,
skin cancers, retina damage and cataracts (3 dise2
of the eye that clouds the eye's lens). Immune systert
can be suppressed. Extra ultravi
the reproductive cycle of phyto plan
up lowest layer of some food webF}
lower the populations of other animals
biochemical composition makes some
less attractive as food.

olet radiation inhibits
kton, which make
which could
_Changes "
plant leaves
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ill depend on the country discussed but
.. ,'!d he a rise in sea-level, leading to possible
~ration, more erosion and the need for more
fort " pespent on sea defences. The change in
mo™  ouldbe considered and how it could affect

clime! "y or people’s lives.
the ©

chapter 3

_ilarities: they both show slow early growth but then
Sm{ grm'.rth in the middle time period.
:;:ferenceﬂ: there is a plateau in the small mammal
opulation, but none in the human population. This is
pecause the small mammal p_opulatlon size is limited
py the natural carrying capaculy‘whereas the human
popu|ali0n cize, so far, isnot li .rnrted due to constant
lechnological advances in agriculture.
ivestock are cattle and possibly other animals
kept by people. These animals nge.-t."l to feed on plants.
The plants are described as consisting of sparse
rassland, suggesting there will not be enough food for
all the livestock and that their presence may damage

the land even further.
On an island itis likely there will be no natural
predators of the herbivore. Other natural checks
to population growth, such as disease, may also
pe absent. The population will thus grow until it is
limited by food. Since the food of herbivores is plants,
it is likely that this large population will damage
these. They may be restricted in growth and fail
to reproduce at a rate that replaces losses to the
herbivores.
4 a There could be a disease or wars during this time.
The Black Death occurred in the 14th century.

b 6400 < 1000 = 6.4 times bigger
There has been increasingly better medical care,
leading to higher survival of both young and
old. There has also been a better food supply
leading to longer life. Finally there has been better
sanitation, leading to higher survival of both
young and old due to a reduction water-borne
diseases. A fear of old age has led couples 10 have
a large family, so their children can look after them

in the future,
5 Any two from each side of the table.

10

Drought/famine Good supplies of load
whatever the woather !
Paverty Well-paid jobs —_l
Poor links with outside Good roads -
world
Poor services Hospitals, schools, water, |
electricity '
Work on the land only, Factory/shop/office wark
subsistence for a wage
Desertification Mo comparable pull
factors
Sea-level rise No comparable pull
factors
Seasonal weather events | No comparable pull
such as monsoons, factors
cyclones, etc.

If birth rate is greater than death rate then we would
expect growth, but if emigration + death rate is greater
than immigration + birth rate the population will

decline.
The size is the number of individuals in a named area. n
This area may be a country, a town or any other defined

region. Density expresses the size on a per unit area
basis. The area is not merely named but its size is

known.

35__12?6_31 =9 627 706 km?
33,77

b Vatican City
Because the most dense does not have a very large
population but a very small area. (It is Monaco with
37 620 people at a density of 18812 km ™. This is
because the area of the country is only 2 km?)
rs are those such as children

bled. These people do not
by those who do, the

The dependent membe
and the elderly and disa
produce and are supported
independent members.

MEDC

LEDC

__—‘
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12 Because both the birth and death rates of boys are
H - ¥ '
different from that of girls. The populatione of the twe

sexes are thus different rff"ﬂ'l the start of life

13 a

Chapter 9

1

It might be that grazers in the field will not allow it to
live there. Plants in the field may compete for light

and stop it growing there. It could be due to soil water
content, which may be much less as the area becomes
more open. Soil pH is likely to be higher in the field due

the lower amount of fallen leaves, which, when they
rot, produce an acid.

An ecosystem contains a number of species of animals

and plants each of which has a population, livesin a
particular habitat and occupies a niche. They all live

together in a community.

3 a Inthewoodland ecosystem shown, all the energy

for life comes from the Sun. The energy is in the
form of light and is trapped by plant leavesin a
process called photosynthesis. This produces the
gas oxygen and uses the gas carbon dioxide. The
food that is made in this process is then converted
into everything that the plant needs. Organisms like
plants that make food are called producers. Also in

the woodland are pictures of some consumers, they

are:
squirrels, birds, insects, deer, mice, foxes, rabbits.
Some of the consumers are predators, such as
the foxes and some birds. Both the animals and
the plants use the food they either eat or make to

supply energy for their lives. This energy is released

in a process called respiration. This process also
releases the gas taken in by plants.

habutat

the mice live in the grassland

the birds live in the trees

hartena live in the sail

Same abiotic (physical) factars are shemn i i,

piclure. These are

(Sumlight, water {as ramn), carban diovde = e 5.

rocks

One food chain in the picture is grass — rabhes _,

foxes,

another is leaves — insects —birds

/N

rabbits

V VY

mice insects bacteria and
fungi

tree leaves —
dead or alive

The one animal not shown on this web is the

squirrel,

There are five populations of animals in this
woodland, deer, rabbits, foxes, squirrels and
mice. In addition there will be many populations
of insects and birds of different species. All the
animals in the woodland live in a community.

¢ i Fox, ground-living medium-sized predator

Birds, tree-living small predators

ii Mice and rabbits for grass

iii Fox

iv Trees pollinated by insects
The atmosphere

Sugars, proteins
Both processes involve the breakdown of organic
material, which releases energy and produces Wa!

and carbon dioxide. Both need oxygen.
always the breakdown of organic mat
and animals and is carried out mainly
fungi. Respiration happens both in
during decay but also inside the bo

things.

Decay is

ter in dead plans
by bacteria and
bacteria and funé!
dies of all living
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b i 3000 + 40 000 = 0.075 % 100 = 7.5%
ji 450+ 3000=0.15%100=15%

8 b W
c ii
d i
g Moderncrop p[ant::: lack variety and we may need
some of the genes in wild plants in the future, for 15 - Trees enrich the soil
example in the event of severe climate change. Some . Th ) ;
of the genetic diversity may lead to the production of ey provide food for animals and people
chemicals that may have uses for humans, for example * They provide firewood for people
in medicines or as pesticides. * They protect the soil from erosion
10 Decrease in incidence of the water-borne diseases, * The animals provide the farmer with foed.
Reduced habitat for aquatic plants and animals. including milk
Increased food production if the land is used for * Theanimals enrich the soil
agriculture. 16 In an extractive reserve local people are given some of
11 a ltislikely to decrease it (a little) as the mature forest the responsibility of managing the land and have the
is carbon neutral but the fast-growing palm trees right to remove products from it. In the core area of a
.- are a carbon sink. biosphere reserve no extracting of products is allowed,
| b The biodiversity is likely to decline as the mature only monitoring and maybe some researcn.
forest will have many species of trees, other plants 17 Animals do not produce a naturally hardy stage [ike the
and associated animals. The oil palm planation will seeds produced by many plants. So, amimals must be
have only the oil palm trees and a very few other bred generation after generation in order to keep them
plants and associated animals. alive in captivity but plants can be preserved as seeds

for many years.

b 309% of 14 285 km? 0.3 x 14 285 km? = 4285.5 km?
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As the fish get longer the concentration of mercury
gets higher. [1] This is probably because longer fish
are older fish. [1] This in turn means that they will
have eaten more over their lifespan. [1] If what they
ate was contaminated with mercury this could have
accumulated in their bodies over those years. [1]
Smaller younger fish would have accumulated less. [1]

No more than about 130 mm long. [1]

It could be concluded that the mine is unlikely to
be the source. [1] As far as 100 km from the lake
mercury levels in the river are undetectable. [1] It is
likely that the mercury comes from the air, as the
only other possible source. [1]

Ore[1]

1tonne of aluminium is gained from 5 tonnes of
bauxite. [1] This would leave 4 tonnes of waste. [1]
25 tonnes would produce 5 4 tonnes = 20 tonnes. [1]
1 tonne from 5 tonnes of ore, so 25 tonnes would
need 25 x 5 tonnes of ore = 125 tonnes. (1]
Pollution by caustic soda, which would raise pH

in any water courses it entered, [1] This material
is hot so that would also cause problems in the

A R

e the ermalting eler

generation may causs environmental iz

rjn;m-"'i !.,FI an tha SOre e af tha Ooraer [

The are is usually strip mined, 50 the
would be replacement af the overburder i1
addition of fertilisers [1] and then the glartirg ¢

suitable vegetation would follow this []
Sedimentary [1]

A deep shaft is drilled down into the hill 35oye .
coal seam, [1] This allows workers and machiner,
to be lowered to where the coal seam is |geates
[1] The coal is then dug out from the seam itk
machinery and transported to the surface throyon
the same or a different shaft, [1] )
Coal, between 290 and 250 million years, [1]

0il, about 205 million years. [1]

[2, one for each box]

The spoil heap is covered in the overburden [1 and
then the original topsoil. [1] ARer this fresh soil (A) is
added (1), which may be fertilised. [1] Finally, plants
(B) are placed in the soil. [1]

a 1980, discovery

1993, peak production
2010, exhaustion [2 for all three, 1 for one or two correct]

b The mineral was being mined at an increasing rate

[1] and there would have been job losses [1] and
plans to close the mine down. [1]

¢ Inthe world outside the mine substitutes for the

mineral could have been found. [1] In addition,
products made from the mineral may have been
recycled, so reducing demand for freshly mined

supplies. (1]

R
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ter 2

G A Hf‘lr Erqnh“]

chr .

,m lasts a long time, so although o

\ast hundreds of years. [1] It does g pmdﬁ‘wabie
ppdlasein pow?r generation. [1) it is 5 r&lzwtEJ
- of energy once installed (un|ike windfsula;: e
ot reliant on new supplies arriving (jike fossil}
1]
5 ntages: less spacein land fill, reduces the .
of nethane (a greenhouse gas that is Produced by nt
o nosting). (1]
picadvantages: toxic fumes in the atmosphere may
aftect health, adds to carbon dioxide in atmosphere
impacting climate change. [1) »

Any four from:

Risk of toxins from fracking entering the water

table.

The mixture of chemicals used are toxic and may

affect local residents,

. Fracking uses a lot of water, which may reduce
availability for other purposes.

. Noise pollution, so fracking in an area will affect the
local community.

. Natural areas will be destroyed when new drills are
developed.

« Fracturing of lower levels of rock may be a cause of
additional earth tremors.

+ Loss of land for other employment opportunities
(tourism, farming, etc.) [4]

Any three from:

+ Not all countries may have agreed.

+ Not all ship captains are honest and may not abide
by the rules.

- Difficult to police large oceans.

+ Difficult to identify who has produced any pollution
found. [3]

Any three from:

* Oil will affect the food web and access to light.

* Toxic effects of the oil on the reef.

* Reefis also affected by detergent chemicals used
to clean up/disperse the oil.

* Machines in the area might cause physical damage
10 the reef. [3)

L

. I

20
0

| L] |
*  Gw %.‘*
Foasi fia

€ The table on|
Y shows the carbon gicuide thas
Produced. (1] Yoy also need to cq Py
p-:n.iluta NS such as sulfur digxide and nitrogen
oxides [1] which contribute to acid rain. [

nsider gther

Chapter3

1 a Mineral particles (1)

Organic content [1)
Soil water [1]
Air [1)

b A dl’ULIght will have no impact on the amount of
mineral particles or organic content in the scil. The
use of water by plants and evaperation will reduce
the proportion in the soil, increasing the amount of
air present. [1)

Changing the pH will affect the ability of the plant’s

roots to take up the nutrients it needs. The change

may increase or decrease their availability. (1]

Any three from:

+ Introduction of new high-yielding varieties, such as
rice cultivar IR8.

« Improvements to irrigation.

. Development and use of pesticides.

. Improved farming education and knowledge.

. Increased mechanisation. [3]

Any two from:

+  Less build-up :
crop is occupying the same soil sp

year.

of pests and diseases as a diﬁ’eren.t
i ace the following
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5

Use of different types of crops means that a
nutrients are less likely to be wasted.

L

Inclusion of lepumes adds nitropen 1o Lhe soil
Different cultural techniques for different Crops
improve soil structure, [2)

Any three from:

Use of trickle-drip or clay-pot irrigation.

Rainwater harvesting, collection and storage of
water for future use.

Use of mulches to reduce evaporation from the soil.
Use of more drought-resistance crops.

Only apply when weather/soil conditions
demand it. [3]
Any two from:

Excess nutrients might harm the crop (root death,
toxicity).

Risk of nutrients leaching into water supplies
(resulting in eutrophication).

« Fertilisers in water supply might be harmful to
humans (blue baby syndrome).

Excess fertilisers also waste money for the farmer. [2]
Ability to grow a second crop might mean more food/
income. (1] If a crop is a legume it might help provide
nutrients for the main crop. [1] The risk of complete
crop failure is spread if two crops are grown. [1]

Chapter 4

1

The Earth has about 1.4 billion km? [1] of water. The
majority of this (about 97%) is in the oceans. [1] The rest
is called fresh water [1] and is found in rocks, where it is
called groundwater (1], frozen in the poles [1] and glaciers
[1] and as surface water [1] in rivers, lakes and swamps.
Supply of water [1]

HEP [1]

Flood control [1]

Water supply [1]

Both typhoid and cholera are water-related diseases
and both are caused by bacteria [1]. Malaria, however,
although water related is caused by Plasmodium (1].
Both cholera and typhoid have symptoms of diarrhoea

[1] and vomiting (1] but typhoid also causes 3 4 "
and abdarminal pain. [1]

e

Fack

Same diseases can be pregented by vacoination v,

of malaria, cholera and typheid only eholers 1) %r;‘

typhoid [1] have vaccines available. Gf the theos trates

related diseases, malaria [1] causes the meat degy..
worldwide,

Primary treatment involves processes that rerme,.

large particles and silt. [1] Secondary treatrmens

involves the removal of organic matter (1) and sqme 4

the bacteria in the sewage. [1] :

The decomposition of organic matter [1] from dead

algae or sewage [1] is carried out by bacteria, [1] whic

use up large amounts of oxygen. (1]

a AtDthe effluent is untreated and will contain 3 larse
amount of organic matter. [1] The effluent wil) 515,;_
contain high numbers of bacteria from humans. m
At E the effluentis treated and so will contain mych
less organic matter and fewer bacteria,

b This is because the sewage treatment plant will
have removed most of the organic matter from
D [1] by filtering and settlement (1] and the actign
of aerobic bacteria. [1] The number of bacteriz
from humans will have decreased because of
competition with the bacteria in the sewage
works [1] together with unsuitable environmental
conditions. [1]

¢ Sulfur dioxide [1] and an oxide of nitrogen. [1]

d The factory has a tall chimney so the gases do not
enter the atrosphere until they are high up. [1]
Air movements (wind) will carry these gases away
from the factory and lead to acid rain in the distant
forest. [1]

e The run-off from the field contains minerals
such as phosphate and nitrate from fertilisers.
(1] These minerals lead to rapid growth of algae
in the estuary. [1] When these algae die they are
decomposed by oxygen using bacteria. [1] The
oxygen level in the water will then fall. [1] Living
organisms in the estuary that require oxygen il
decline. [1] In addition living organisms higher up
the food chain will suffer from a lack of food. [t} TS
is called eutrophication. [1]
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a Axes right way round [1], axes labelled correctly with
units [1], all points plotted correctly [2).

1996 1997 1098 19@92@2\:2‘! 2002 2003 2004 2005 2006
r

b If assume a straight line of best fit, as shown on

’ Figure 5.22: 90 000 tonnes in 2000. An acceptable line
of best fit [1], correct answer based on that line [1).

¢ 2005is 131 - 68 for 1997 = 63 tonnes [1}, so this an
increase of 63 + 68 x 100 = 92.6% [1])

d This may be due to an increased fishing effort [1],

more people fishing [1] or improvement in methods.

(1] It could be a combination of any or all of these
factors.

2 a Sunlight, water, carbon dioxide [1)
b Minerals[1]

¢ The currents moving up from the seabed carry the
products of the decay of organisms, which have
fallen to the bottom of the sea after death. [1] These
products include many minerals. 1]

3 a Mangroves provide an important habitat for other
organisms (1] so their clearance will cause a loss
of this habitat [1] and therefore genetic depletion.
[1] They also protect the coast so this would cause
problems if large areas were cleared for ponds. (1]

b As long as the creation of pools is not clearing big
areas of mangroves things may be OK. [1] Sites
that do not support populations of important
mangroves might be sought. [1] The ponds could
be used for a while and then allowed to recolonise
while they are cleared in new areas. [1]

4
Salmon | 1.2 2
Beel 87 2]

| Pork 5.9
Chicken |19 2)

b

Answers to End.of-chapter questions

Agree in that the salmaon {which is a marne fishj
chows the bost food canversion ratio [1]. This
means you can get more protein from it far a unit
mass of foad than any of the, non-marine, foods
listed [1). However, salmon is only one kind of
marine fish so the conclusion is limited it to that [1],

World fish cateh has levelled off at under 100
million tonnes 20 years ago [1). It would seem to be
unlikely that it will grow again, and indeed it may
fall in the future [1]. Farming of fish may provide a
substitute for this lack of growth [1].

Chapter6

1 The Earth is made up of three [1] layers. The outer layer
is called the crust [1] and is divided into the oceanic
crust [1] and the continental crust. (1] The top layer
floats on the mantle, [1] which is semi-molten, Molten
rock is called magma. [1] Convection currents [1] are
formed in this layer by very high temperatures. The
core is the third layer and extends from 2900 km to
6370 km down.

a
b
c
d
e
f
g
a

Destructive [1]

Destructive [1]

Constructive [1]

Constructive, destructive, conservative (1]
Constructive [1]

Destructive [1]

Constructive 1]

Thick covering of ash [1}; ash covering buildings,
cars, crops [1]; death of livestock, crops, possibly
people [1]; lack of food [1]; collapse of roofs [1];
weight of ash brings down power lines [1]: lack of
drinking water [1]; transport disruption [1]; breathing
problems [1]; ash can block out sunlight [1).

Not possible [1]: unpredictable eruptions [1], cannot
predict where deposits will land [1], cannot stop it
happening. [1]

Possible [1]: spray water on lava [1), roof adaptation
(1], diversion channels [1], protecting people by
hazard mapping [1], warnings [1), education [1],
evacuation [1], training emergency services. (1)

4 Impact of storm surges (1], high winds [1], heavy rainfall
causing flooding [1). Other impacts could be spread
of disease [1], loss of crops and livestock leading to
famine [1], landslides destroying buildings. [1]
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-nvironmenta

n Drought is when there is a lack of rain over a lonp
perod of time, [1)

Oreughts can accur anywhere in the world. (1)

Trouphls in the Sahel region of Africa occur when
the ITCZ is prevented from moving northwards. [1)

F

=

Drought is associated with high pressure systems, [1)

El Nifo brings droughts to Australia and floods to
South America. [1]

m

Short-term problems: contaminated water leading to
diseases [1]; crops and livestock destroyed leading to
starvation if a poor country [1]; disruption to transport
routes. [1]

Long-term problems: homelessness, so people may
move away from the area [1]; cost of rebuilding [1];
losses to the economy as businesses may be forced
to close down [1]; in richer countries very expensive to
have insurance cover. [1]

T Forstatement [1]: Higher population density can lead
to rapid spread of disease and food shortages. [1] More
people living in temporary accommodation. [1] Urban
areas are more at risk from earthquakes because
of higher population densities, so greater building
densities and more deaths through collapsed buildings.
[1] More potential for fires as gas pipes fracture. 1]
Against statement [1]: Buildings in urban areas may
be better protected from earthquakes and more able
to survive tropical storms. [1] Emergency services are
greater in number and hospitals more accessible. [1]
Rural areas can become isolated and aid slow to arrive,

leading to famine and lack of medicines. [1] However,
rural areas may suffer more in drought as farmers lose

their livelihood. (1]

8 a 130am[1) 7Tpm[1] 73(1 7.8[1) 34[1] 661(1]
1500 (1) 30000 [1]
b The place in the Earth's crust where the earthquake
starts is the Focus [1]

The place on Earth's surface above the focus is the
epicentre [1]

¢ Japan - the plates move parallel (sideways) past
each other causing friction. 1] The plates get locked
together and pressure builds up. 1]

Ecuador - plates move towards each other because
of convection currents in the mantle which causes
forced movement of rock against rock. [1] The oceanic
plate is forced down under the continental plate,
which is known as subduction, and pressure and
friction trigger earthquakes in the Benioff zone. (1]

Managemen

d Predicted aftershocks qu ild be a reason for Peopla
1o r;:f“qp to return to their homes, T”

e Any twoitems from the following list, with a Suitabg
explanation, one mark for each: tents for shelter
clothing, food, medicine, clean water, chemical

toilets, sniffer dogs
|
Chapter7 ';
|
1 I.
1
Nitrogen (1] N, 78.09% '
Oxygen 0,01 20.95% (1]
Argon Ar (1] 0.93% (1)
Water vapour {1] | H,0 0.2-4% (1]
Carbon dioxide | CO, 0.03% (1]
Methane [1] CH, Trace
Ozone 0, (1] 0.00006%

2 Temperature line 1], temperature inversion label. [1]

140

2
120 4
110 S
100 4
80 |

thermosphere

Altitude / km
38

Temperature [ °C

3 a Vehicle emissions [1), factories and industries
releasing gases and chemicals [1], power stations
burning fossil fuels. (1]

b Acid rain and weathering of limestone buildings {1l
smog, puts tourists off (1], poor visibility [1], delays
for transport, e.g. planes [1], breathing difficulties
and other health problems (1], dirt on washing, W

¢ Chemical sprays [1], methane from cattle [}]..
burning vegetation [1], emissions from vehicles. (1

'4
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Enhanced green- | Dzone
¢ £ 1

house effect deplet
| epletion

| ARE-A AV
Long-wave Short-wave

| -:"‘l‘.'l.'!r".”i'l : {ultraviale)
] radiation [1] radiation [1)
Troposphere (1] Stratosphere
(1]
-v-:"’_.',f. : From the Earth [1] | Towards the
i Earth [1]
facizuion When

3 T

—— " ¢~ | carbon dioxide (1] [ CFCs 1]

ﬂa D e0
llutent gas

.—-'-'I-----_____ :

action of Traps outgoing Creates

pollutant ges | radiation and chlorine,
SO causes an which reacts
increase in destructively
temperature [1] | with oxygen (1]

.-——'-_____ % %

International Paris Climate Montreal

agresment Conference [1] Protocol (1)

to compat

problem

gnswers could discuss rising sea levels [1], loss of

" homes [1], forced migration (1], financial costs of
defending coasts from erosion [1], rising temperatures
lezding to changes in agriculture [1], more droughts
and less water resources (1], changing habitats and

* |oss of biodiversity. (1]

6 Some LEDCs may want to develop industry and
therefore do not want to reduce harmful emissions.

[1] LEDCs may not have the money to implement
strategies to reduce pollution. [1] Some governments
believe that some strategies will not be popular with
voters or industry and may harm economic growth. (1]

A lack of monitoring. [1]

Chapter 8

1 Thisis because more boys than girls 2
men die younger. [1]

2 Density is the number of peop
expressed as the number area
Distribution tells us where peo

re born (1] and

le in 3 known area (1]
-1 (such as km®). [1]
ple live. (1]

Answers ty End-of-chaptar questio
s

1% 1% by -
s OeCALE alvkhiaogh
. Aaugn Bye

peaple it wa s 14209 14)

v AfES o vast at

'Ilr F ey
1 km ].rﬂ'f"ﬂarlrr

ity of anty 122 198 141

Yn
B.32 penple km ? il 171

n"'r_-‘!'l”: 5 Gy~

e Uae 1Uva 15 e ] 1

||Jh".a -"'-Ilrl‘a”':‘fn “Faml 2115

— 3{}1{ 3 “] U i ! v i 41 RAEY f— ————

4 SIF F'..I 3 ﬂF, rj!‘rl‘J'Jh.". -:I -‘-JJE i ¢

5 a l"_ D" f IBPF' F ! frer 5 ter
LA™ = L) tja 8% ane f'i tl f

3 1 H ¥ IIt Ifen un t 2 )

years old decreases fram 11.5% of the qyeral
Ipf)pulatitm in 2006 to 7.9% in 2074 1 :r;f*
INcrease isin the age range from ::.. . !'J. ;o
for example peop! e,

‘ pie people aged A0-44 incraase from
9.8% in 2006 to 7.3% in 2026, [1] Hrmma'r ':nl
l;ate of increase slaws above ?U"‘rqar; c,ld rlnt" an
::rtaas‘se from 2.6% to 3.1%. [1] So, the population is
ginning to age. (1]

b They could transfer funding from care for the
young, such as nursery and normal schrmis..m care
for the elderly. [1] They are also likely to need to' -
increase provision of various forms of health care
for the ageing population. [1] This may mean both
dealing with iliness but also improving preventative
medicine. [1]

Chapter9

1 If agree: Itis true that biofuel comes from plants that
have only just taken the carbon they contain from
the atmosphere. When the next crop is grown the
following year, the carbon emitted when the biofuel is
burned will be taken in again by this next crop. [1] So,
within 2 years carbon in will equal carbon out. [1]

If disagree: While all the above is true, the land used
for growing these crops could be used for growing
food, [1] which is in short supply in large areas of the

world. (1]
2 All ecosystems (except those in the deep sea) rely
on organic chemicals, mainly sugars, for their
continuation. [1] These substances are made in
ph otosynthesis using light form the Sun 1] thatis
trapped by chlorophyll. (1]
3 a Between 150 and 20 years ago therewas a huge
reduction in area of wetland. No wetland was found
The biggest l0ss was in

in the south 20 years ago.

the east. 1] Between 20 years ago and today there
has been a slight increase. [1] One ared has
re-appeared in the south (1] and the western area

has nearly doubled in size. (1]
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=erve the wetland that remains some kind of
< reserve could be established. [1) This would
fract money for the preservation of the area,

vossibly compensating landowners for not draining
sheirland (1] To extend the wetlands it is likely that
the government or some private (maybe charity-
funded) organisation would need to buy land that
has been previously drained. [1] They would then
need to remove the drainage infrastructure and do
whatever else was necessary to bring wetland back.

The fact that they eat the same food suggests that
they may compete [1] for it when together. [1] Species
Alis clearly more adapted to living in colder water than
B. [1] So, when they are together B cutcompetes A in
the warmer water regions and is the only one when
found there. [1]
a Second tropic level or primary consumers. [1]
b That living things are very different in size, [1] so
15 trees are not equivalent to 15 sapsuckers. [1)
This means that few trees can support thousands of
sap suckers. [1]

nvironmental Management

c energyin 15 trees
mass of 15 trees = 15000 kg [1]
so energy in 15 trees = 15000000 %5k =
75000 000 kJ 1]
energy in sapsuckers
mass of sapsuckers=8500000x0.01 g=85000g =85 ol
energy in sapsuckers = 8 x 85000 kJ =680 000 kJ (1)
energy in insect eating birds
mass of insect eating birds =350x5g=1750g= 175y
energy in insect eating birds = 1750 x 10 kJ = 17500 ky [y
energy in predatory birds
mass of predatory birds =3 x 100=300g=0.3 kg [1]
energy in predatory birds =300 = 10 kJ=3000kJ [1]
Correct figure [2]
3000 kJ

17500k
BB0000 k)
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The antamina Mine in Pery
the ore 1s valuable and in dem

1 .-,_-,;w:'ﬁ'l costs will be high th

LI

and so even though

€ mine should still e

p-;_‘.ilé':it"-'l'-?-

: rainfall and melting snow will dissolv
sediments and dissolved minerals wil| move down the
mountainsides and collect in the valleys. This water
will be toxic to many organisms and wil flo
from the mine.

e some Minerals.

W away

3 a Further deposits have been foyung and the

productive life of the mine has been extende

d by
many years.

b Itistoo difficult to cover bare rock on
The exposed rock will weather over tj
release less harmful substances, The

steep slopes.
me and may

location is so
remote that the visual scar on the landscape will
not be seen,
Chapter 2

Biofuels: the future of fuels or 2 misguided
technology?

1 Bioethenol will mean the country is not dependent
on supplies from other countries, reducing risk if there
is political conflict, global price rises, a shortage of
global supply. It may also be a crop with a value if
Exported.
It's a renewable source of energy. Fairly low
technology. Different Crops are suited to different
regions. Absorbs carbon dioxide.

3 Bioethanol Crops might be better suited to their

land. The crop might be more profitable than food
crops,

Ahouse that needs no energy. Is it possible?
1 The house wil| only use 10% of the standard house's
Energy (1.5 dm? m~, rather than 150 dm?).

'1 ) it
. I s tio
niey Mary
Y f Le
. the - .
y dre Y PRrian e
" the Savir €5 Marla A .
“ "
building
3

3 There will al Ways ha

solar pPanels atr

0Me enar

By M. e
% fJ.-.! / a8t s B P A
conditions. s

Chapter 3

The impact of wind

erosion
1 "

Unexpected drought over
Soil particles were light (e
blown about,

a4 number of ears
.

CE At .
13 WAlEr) 50 mors axe

Large areas ploughed up, fe

2w winchre ks
Cullivatingthe sail broke it yp into smaller =ized
components.

Deep-rooted grasses no longer th

Farmers had bought the land and w
Crops to make a profit from th
central control as to what

3 +  Starvation

- .
L= L= )

Need for large quantities of people to rel
* Lossof jobs

ccale

* Impacton local ecosystem: limited topsail, few
plants, and associated impact on food web,
4 Itprevented the land from being used for arable
production and allowed it to return to grassland.

Flower power

1 a Thisisa (large-scale) commercial arable farm: the
bulbs are being sold for profit rather than food
(commercial) and there are no animals involved in
the production (arable).

b (From Figure 3.18) There is a lack of windbreaks to

slow the wind speed down. The area is very flat
(From the text) There is a large amount of arganic
matter that is easily blown away when dry.
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o The wand might cause the chamicals to be blown
i ether areas (drilt)

o Ranwill cause them o run-off into the water
caurses [drainage channels),
Pasticides mipht affect other animals not intended
to come into contact with the posticides as it
maoves in the drainape water,

«  Excess nutrients in the water can cause ecological
damape through eutrophication.

3 For

« The way the country is governed does not tell
farmers what to do, it would remove some of their
freedom

+« The farmer aims to make as much money as
possible, growing bulbs is more profitable.

+ Selling good abroad (exporting) is good for the
economy of the country, these are valuable goods
that are demanded around the world.

Against:

+  (Worldwide) food is in short supply, using the best
land would increase yields.

« Control of what people grow would mean there
was less waste (as products would not be left
unsold).

. Thesupply of food is too important to be left
to chance and ‘market forces’, governments
should take responsibility for feeding the world
population.

Chapter 4

A multipurpose dam on the Ramganga River at

Kalagarh, India
1 Alarge project such as this requires a major amount

of planning and maybe an environmental impact
survey will be carried out. Major investment and
funding will need to be acquired both within the
country and internationally, maybe grants from several
organisations will be needed and the building might
have to be phased as funding becomes available.
Workers will need to be recruited, building materials
and equipment will need to be brought in and
agreements will need to be worked out with local
people, especially any landowners who will need to be
relocated and compensated.

2 a Adammust remnain intact or else a huge amoyng
of wiater can be sent very suddenly down the yaje, y
causing the loss of lives, property and habitats,

An earthquake could cause the dam wall to brea),
and 5o the area must be monitored for this, and ¢
there is to be a problem then action will need t be
taken to strengthen the wall or release some water
in a controlled fashion. Evacuation of people living
downstream of the dam might need to happen,

b Sedimentation behind the dam will cause the water
flow to slow down and this will lead to a decrease
in the production of electricity and so economically
the dam is less efficient.

3 a Local people can benefit from the production of
jobs in the building and maintenance of the dam.
They might also be provided with electricity that
they did not have before, or their supply might
reduce in cost. They have access to the stored
water for irrigation or domestic use. If the dam
encourages tourists they will benefit financially.
Also they themselves might be able to use the
reservoir for recreation. On the other hand it
appears that the gates are opened in a fashion to
suit the dam authority and not the local people.
This means that the supply of water is intermittent
and they are not provided with it necessarily at the
best times. Fish populations have been negatively
affected and so the local people will have less food
from fish. Also farmers have seen a decrease in the
fertility of their soils.

b The country will benefit from the revenue acquired
by the selling of electricity and this may not be to the
local people. They also gain funding internationally
from foreign investments. However, the dam will
have cost a lot of money and it may not pay this
investment back to the government completely.
The improvement in infrastructure allows other
businesses to thrive in the country. Lower
unemployment saves the country money- Tourists
will bring in extra income to the country 352 whole.
improved drinking water will save money for health

care.
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Cyclone
1 a Between 5° and 20° North

5

\ oundland cod fishery

eN ; hallow wat h
“peaed < onsha ) erw ‘ere awarm current
. cold one. All this combines to provide

afs L

pots 44 ;
rf;m,:“,gns, highly suitable forthe BTUW!.h of
;h\,m;;_:mkton. That is plenty of light and carbon

¥ her with minerals forced upwards from

gioxide: toget
bed by the currents.

The catch <hows a slow but fairly consistent rise
from 1850 until about 1958. Between these dates
catches rose by about 150 000 tonnes, from 100 000
o 250 000 At this point the catch rose steeply to
500 000 tonnes by 1967. It then fell away just as
rapidly t© more or less zero in the early 1990s.

0 000 tonnes and in 1976 it is 120000

the fall is 800 000 - 120 000 = 680 000. So
Il is 680 000 + 800 000 X 100 = 85%.

p Peakis 80
tonnes, SO
percentage fa

¢ 1941

There i5 8 small region of the Grand Banks area called

smith seund. In recentyears <cientists have found that

cod stocks here have done well there. They think it
might be possible that these fish will migrate and lead

10 a recovery of cod over the whole of the region.

Questionnaire

a Areyou or wereyou involved in fishingin the Grand

Banks?
Yes/No
b Ifyes, for how many years?
1 =1 =10 >20

¢ How longdo you think it might be before cod
fishing can restart in the Grand Banks?

never now nextyear in the next ten years

sometime but a long way off

Chapter 6

Hurricane Patricia: the impact of a tropical

5o Su fficient Coriolis force

to provide spin, and warm ocean tem peratures

above 27 °C to produce high rates of evaporation:

Formed in October because ocean t
he Northern

are at their highest then int
Hemisphere.

Ans
wers to Case study questions

b On?2 i
= 0 Octoher it starteed off in the easters Paeif
; i i i TaSlern Far
o oved westwards, On 27 Ortabor it 'rarr;:
- e a3
r north-west, and on 23 October nnrthee o =
¢ Jalisco -

a Regular storm warnings, storm sheltars wers
o::ened, people were evacuated, electricity pas
shut off and the army, navy and police were
deployed. N

b Risk of loss of life and injury, damage to buildings
strong winds and 5 ectr e

_ storm surge, no electricity, water
supply contaminated by sewage and salt water 50
fear of disease.

a Transport: airports closed, highway 200 blocked
roads washed away. Infrastructure: electricity shut
down, power poles and transmission OWers blown
down. Water supply contaminated.

b Tourists were evacuated 5o 1055 of earnings in the
resorts. Tourist industry may have been damaged
as people are scared 0 visit. 24 000 hectares of
crops destroyed so @ loss of income and jobs.
Banana crop destroyed soimpact on export
earnings. Large cost (69 million US$) of rebuilding.

¢ Landfallwasina rural area with a low po pulation
density. It was 3 compact storm so did not cover
such a large area of Mexico. It rapidly lost strength
as it passed over the Sierra Madre mountains and
very little impact from a storm surge as the coast is

mountainous.

Chapter7

Acid rain in China

1

2

Two clusters below pH 4.3 00 the coastand in the
south-east. The pH levels of45to56are also found
on the coast and in the south-east. The reason for this
is the concentration of population incities such as
Shanghai and along the coast leading 10 high vehicle
ownership, industries and power stations. The west
and north of China have lower levels of above 5.6
because of lower population densities.
4 rain results from burning fossil fuels in

’ ‘::;fa?; and power stations, which releases sulfur

dioxide and nitrogen oxides into the

vehicle emissions
This is dry deP

dropletsin the atmo
nitric and sulfuric acids
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| hese solutions will evertually

th as aciud rain and can occur at some
distance from the source. This is wel deposition.

b ves, because acid rain can be carried by winds long
distances from the source, across international
borders

3 Usemore renewable energy: burn less fossil fuels
and reduce amount of acid rain gases. Encourage
cleaner traffic and less of it: less vehicle emissions.

Flue gas desulfurisation: reducing amounts of acid
rain gases.

Chapter 8

The one-child policy in China

1 a About20000000
b 1.7 billion

2 Therealisation that a lot of people were becoming
dependent and fewer independents were available
to look after them. The disproportion between the
numbers of men and women, in the sense of too many

men. It is difficult to make the policy work in rural areas.

3 Dueto the very powerful totalitarian government that
was in a position to control virtually all aspects of
national life.

Chapter 9

Mayan Biosphere Reserve, Guatemala

1 a Thelocal people will gain an income in many ways
from the tourists attracted to the area. They will be
able to guide, transport and accommaodate tourists
as well as sell local produce and products.

b The world at large will benefit by having a very

biodiverse area, which may contain many as yet
unknown beneficial organisms, conserved.

2 Aslong as the take from hunting remains balow the
sustainable level the birds can be taken and conseryeg
at the same time. This is because living things are not
a finite resource, like gas or oil, but reproduce, Carefy)
setting of quotas and closed seasons should allow
hunting without exterminating the birds.

3 This would need sampling techniques. The exact

requirements would determine which. If a study

was needed into the effect, for example, of a road

or train line on plant or sessile animal populations,
quadrats with transects may be the best way todo it.
If you wanted to see how some form of development
in part of the forest had affected animals, random
sampling in that area, using nets and pit-fall traps,
would be best.

Scarlet Macaw

1 In 1990, the peak was 230 birds. In 1994, the peak
was 195 birds. Over 4 years 35 birds were lost, which is
35+4 birds y' =8.75 birds y*

2 Before management began in 19594, macaw numbers
were down to about 220 (we do not know when the
one value for numbers in Figure 9.27 was taken).
During management, numbers rose to nearly 230 by
1997 and by 2000 had reached around 263. Numbers

did then fall to about 227 in 2003 but this is still above
pre-management levels.

3 Likely because this species is iconic and much
sought after by birdwatchers, a very common group
of ecotourists. Tourism is hugely important in Costa

Rica so anything that attracts them is worth keeping
in the wild.

|
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nd sample answers have been written by

chapter
.~ though ore was left in the mine, the cost of

WE .
1 E wracting it would have been greater than its worth,
exliiat -

1000000 000 extracted

13313727 tonnes of metal obtained (= sum of copper
{ 299 978 tonnes, molybdenum 31 000 tonnes, gold
31.7 tonnes, silver 336 tonnes and rhenium 27 tonnes)
co mass of waste = 1000000000 - 1331 3727 =

908 668 627.3 tonnes

percentage waste = 998 668 627.3 + 1 000000 000 x 100
-99.87%

il

AR R RO St S S I

oar

b i Thetrendis mainly upwards, with a rise from just
over 6 mg kg™ wet mass to nearly 12 mg kg™ wet
mass, which is almost double,

The mining of copper at the Island Copper

Mine on Vancouver Island has so far (in just

7 years of operation) led to a doubling in the
level of copper in the commercially important
Dungeness crab. This is both a commercial and
eénvironmental disaster. Commercial for those
who depend on the crab for their livelihood and
environmental for everyone else. It is a clear
example of bioaccumulation as the crabis a

Lop predator in the delicate marine food web

of which it is a part. If this trend continues it is
likely to wipe out this source of income and be a
harbinger of major problems in Rupert Sound.

The conclusions reached in the 1978 report
have, thankfully, been proved wrong. After an

imtial 'I'i"]l]!.'ll"l'r: of canner 1o il in jus

the levels fell lar the neet 10 (with

X f B4r

LT TR

deviations along the way) Maore racent trened

have heen slightly uprwards but the ey tdence of
over 20 years of monitoring suggests that the

CONCerns expressecd in 1978 are

'lrl'lli-‘-"il.l tey e
well founded,

€ Metacarcinus magister is 3 top predatar
will show evidence of higher levels of copper ver )
early on in the mining process

and as suck

Chapter 2
1 - Poorroute planning (avoiding the ice but toc close
to the reef).
* Inexperience of the driver.
= Single-hulled vessel,

* Lackof information about the hazards in the area
(possible).

Direct toxic effect from contact.
+  Swallowing oil.
* Eating prey covered in oil.
*  Bio-accumulation (build-up of poisons over time).
* Lack of oxygen to breathe in the water

8 Lack of employment as tourism affected. Fish stocks
(and associated industries) also lost.

4 Any three from:

+ Better sonarfradar to look for obstructions.

+  Morestaff on duty.

» Better trained staff,

+ Emergency equipment kept in port to deal with
spill more quickly,

« Use of double-hulled ships,

5 Westill need oil in large quantities and there could
be shortages if we do not exploit it here. Drilling has
already occurred so stopping now would not be
reversible. Lessons have been learnt from the Exxon
Valdez and good systems are now in place. There
is little other employment in the area. Stopping the
oil industry will have major econamic effect for the
region,
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Chapter 3

| Jn..--n.n.-.-ull||||1|u|'
)
‘ Al
I' AT
3 Supal cane oo ided theny wal b am s lohibiomal Tovsl 1o

consurme Pt owere close togethe, whic hy ensaned
There wae v larpe supyply
Y Cone toads are found in the north east of Australi,
Sprreaching: Lo Lhe coast
b App enaratedy 3590 ol Aot alia may Be alled tied
© Some pants of the country will have unsultabile
climatic conditions (e too cold, too diy)
4 Lagkol Predators, able to oot compete native andmals fon
Food and space. Have a towic liquicd on theit skin, Mobile,
5 How eftective the toads were atcontiolling the target
beetles. What other animals the toad would eat.,
Environmental impact study: impact on native wildiifo,
6« Pesticides may affect a wide range of wildlife,
+Longterm effects of pesticides ate not known.
* Biological controls have a natrow range,
*  Nounwanted chemicals on loods, elc,
. Thm-.m~n.uul:l!lyucwninp,.1r1hmlf-.
* Ithe biological contiol has a narrow prey rangie,
they will also reduce in numbers as the pest does,
T Thevirusis a natural organism and can be transmitted
from toad to toad without the need for each one to be
captured for treatment. The virus will only effect toads
and not other animals,
However: there is a risk of the virus affect ing other
animals we are not yet aware of, and the death causoed
by the virus might be cruel (because it takes the animal
a long time to die),
8 Solutions could include:
*  new lypes of pesticide
+ genetically modified supar cane that is pest resistant

« use of traps to capture the beetles,

Chapter 4

1 a Haiti did not have any incidence of cholera for
nearly a century so it seems reasonable to sugpest
that the cholera bacteria was brought in from
somewhere, A group of aid workers had entered
Haiti from Nepal. The strain of bacteria was
identified to be similar to a Nepalese one, The aid
workers had their camp on the Artibonite River and

e e amp todlets leal odd ito thever The ¢halery
Boe Todin arecarilodd [aiee al IH.I|l"I'|"I|,\n'-,frllrhu”"'h,j
T e b The senaaghe Ticarrn thiee Loailed s,

[ s oy shiows Ehal Eheses 5 an area in SOUth Artiorie 4
whiete hedes had beeian outhireak ol chialora Thora
i Ll ponater gy througth wilh Arnerie s anel acres
Contral Ameic a inta Mot Ametica From here thoga
50 |.-|,|fn-r-[1,- ahing b stretch ol water across 1o Hain

( holera bac teria could Dave been carfied up along
Ut ponite Dy andmals o Buman carders

e Installation of latrines will ensure that faecal
el rom hmans, which might contain the

i holera bac tera, will he removed and S0 not he
allowed to infect donking water. Thoraugh cooking of
food will kiIEoff bacteria that might have inlected the
food alter belng in contact with water (maybe from
washing). This will then mean that cholera bactena wil
not infect humans, Hand washing will remove bacteria
that might have got onto the skin alter using latrines,
and so reduce the chance of cross-infection that way.

a 15 November, 100-15 300

b/ November, 500

The lowest number in 2014 was 1000,

The peak in 2012 was 15 200 (or whatever the answer

piven in 3a),

The reduction was 14 200,

The % was therefore 14 200/15 200 x 100 = 93% (93.42),

In 2015 the number of cholera cases was constant

for the first 3 months, and then there was a gradual

decline until July, when there was a slight increase.

The peak in cholera cases in 2012 coincided with a

peak in rainfall. This can be explained by the mixing

of sewage with drinking water due to flooding causing

sewage to over-flow out of sewers and ditches.

There is evidence for and against the statement that

Haiti has managed to control cholera.

For:

* The peakin 2012 of 15 300 has been reduced to a
low of 1000in 2014,

+  Reduced by 939,

» Even the peakin 2014 of 7500 is lower than that in
2015, at 15 300.

* Thetotal for 2014 was 27 388 and this was already a
reduction of 90% of the peak of 2011,

* Haiti has taken the action of using more latrines,

and providing education about cooking food and
washing hands,
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There appears to have been an increase in August

2105

There are still fluctuations in the rainy season.
Haiti has not tackled its sanitation problems,

it says that in 2014 inadequate sanitation still
existed and partly caused the rise in late 2014,
and so the likelihood of cholera spreading is still

possible.

chapter 5

1 a Norway is 33%, Chile 31% and the rest of Europe

19%, which is 83%, so the rest have 17% of the
market.

b Around 1985, as before this date salmon were not

being farmed.

2 The wild ones are likely to expend much more energy

in searching for food and avoiding predators in the

wild environment,

Chapter 6

1 At Nepal the Indian plate is colliding with the Eurasian
plate. It is a destructive plate boundary. New Zealand
has many earthquakes because the Pacific plate meets
the Indo-Australian plate. At Christchurch these plates
slide past each other.

2 Nepalis on a collision zone between the Indian and
Eurasian plates. Earthquakes occur when friction
builds up and is released. Christchurch ison a
conservative plate boundary where the two plates
slide past each other. Earthquakes occur when the two
plates lock together and then suddenly slip.

drugs
anlibiolics
predator control program hormones
animals killed 1o fish meal and fish oil anesthalics
control predation mada from olly fish, such as  introduction of pigments
of farmed fish anchovies and mackrel  non-native species  vitamins herbicidas
controls algae growth
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| D x""_i‘ﬁ'u':- 11 km _'.1 km
Diztance of Kathmandu Christchurch
nearest cily 80 km 10 km
| from epicentre
Short-term Avalanches, 185 died.
impacts blocked roads, | Buildings
buildings collapsedin
destroyed, the city centre.
infrastructure Suburban
destroyed, residents were
airport shut evacuated. No

down. Food, electricity or
medicine and water for 7 days
water in short
supply. 9000
died and 23 000
injured

Both earthquakes occurred during the day. People
were awake and able to respond more quickly to the
earthquake. In the case of Nepal in the rural areas
people were working in the fields away from buildings
that collapsed. The death toll would have been higher
at night in both countries.

In Nepal the long-term impacts are homelessness, and
lack of schooling for children as schools destroyed.
Dealing with injuries. Slow recovery and rebuilding
process. People suffering trauma. Lack of food initially
as no storage facilities and following crop not planted.
isolation of rural communities as road rebuilding
takes time. Impact on tourism as people are scared to
visit and historic buildings destroyed. In Christchurch
impacts are on economy as people worried about
visiting. Cost of rebuilding. Mental issues with
survivors. Less long-term consequences as able to
rebuild quicker and finances available.

Suggestions from predict, prepare and protect list.
Refer to Figure 6.14, e.g. cross-bracing.

MNitrogen digeide transpart

Particle PM10: domestic

Benzo(a)pyrene: industry

Temperature inversian

2000m

The steep sides of the valley trap the pollution f thees

is high pressure. In winter, more domestic fires arz

used for heating.

People becomeill and take time off work, health rare

costs, tourists stop visiting the valley and so incoma.

is reduced.

A Plan of Protection of the Atmesphera was tevised

in 2010 to reduce pollution.

« Public transport is free in the valley and carries
up to 3 million people each year. Many tuses ar2
electric.

« Grande Geneva aims to improve the rail network
from Geneva to Chamonix, with more freight
being transported by rail.

«  50% discount for electric cars in car parks.

. Pedestrianisation of areas in Chamonix anc an
increase in cycle lanes.

« Tax reductions and a local grant of 20% of total cests
for homeowners who install sustainable heating
systems, particle filters, solar panels and insulation.

60 -

s

nitrogen dioxide is exceeded
8 8
[=]

—
o

Number of days per year safety limil for

[=]

2008 2009 2010 2011 2012 2013 2014 2015

Year

__—‘
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Answers to Extended case study questions

) when nitrogen diovide 5 a Inkerala, the fallin birthratewas 56 - 1739
wits, Singe then the number 19
. Thisis =~
.o <0 the strategles could be hb

* 100 = 696%

In Indlia in general the fall in birth rate was

i0
56-26=30Thisis= * 100 =536%

=0

b The case study states that ‘it is thought that each

74 - year of female education reduces birth rates by

109", So, a fall of nearly 70% in Kerala would take

7years and of nearly 54% in India would be just

70 | over 5 years,

6 The number of children has gone down. For example,
up to age 9 there were about 7.6 million in 1981 but only

1 4.8 million in 2021. The number of older people has

grown. Over §0s was 3.4 million in 1991 but 7.3 million

in 2021. (Many other comparisons could be made)

68
66
64
B 7 The population of Kerala is beginning to age and
60
58

Lite axpectancy /yaars

this brings its own problems. Hospitals may have

enough places but they may be of the wrong kind,

the emphasis shifting from care of young pregnant

women and children to that of older people. Previous

- investment in schools and teachers will now become ﬂ

Kerala India

redundant as the population of young people falls.
B India

nreds  Chapter9

1 Plants will colonise it after it has been left and these
will die and decompose. This will add mineral
nutrients to the soil. These will, over time, build up to
sufficient levels to grow crops again.

2 a 5x125=6.25g
b 5x075=375g

3 The soil on the island is manly red (laterite) due to
high iron levels. Deforestation and subsequent soil
erosion is washing this red soil into the rivers, which
finally deposit it in the sea around the coasts. This loss
of soil has worrying possible consequences for the

3

&

Liltaracy rate /%

0
Women Men

3 Women gain more status and thus have more control

within their family. This in turn allows them to have a
sayin the number of children in the family. Specific
education about birth control again gives women

environment, agriculture and the people. Gradually,
the land will become useless for the growth of even
the hardiest of plants, as it may end up as bare rock.

some control over the number of children. Educated This may be reversed but S
Wom H E 3

f By ae more likely to get jobs and have less time ¢ In18yesisthe pattemould be

_ or child rearing.

! _Th‘? period over which a woman can bear children
islimited. In most cases it would end at about 50. A
later marriage therefore reduces the number of years

over which a woman can have children, which leads to :
lewer children. . then 4 more years no crop

« 2years of crop growth at
900 kg ha™ year ™' = 1800 kg

. then4 years of no crop
then 2 more years as above = 1800 ke
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«  thicie 12 vears. so this can happen one more time,
givinge fu Il-f' 1 \-.1|'!.|‘

» &0 the total o 18 years would be
Ix 1800 =54 kgha'

5 The huge size and poor road infrastructure of the
island. much of it being very isolated. Also, the fact that
most of the people rely on the land for their survival

and it is harel ta stop them using it when it is bagta“y
means life or death ta them,

They may use animals as food. The animals may
attract ecotourists so there could be a loss of potentia|
income if they are lost, Some of the animals may he
important in the functioning of the ecasystems an
which the people rely.
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ansWers to Practical activity questions

chapter 2
How well o materials reduce heat loss?
3 dding an insulation layer slows down heat loss
1 '. mear*iﬂg less energy is needed to replace this heat).

Jar B shows that heat loss is reduced most by a thick
inulation layer. It also shows that the effect is not
simply because the jar is no longer transparent.

The jar would stay hotter longer by using extra
nsylation (a warmer outside temperature will also

have animpact).

Chapter 6

Interpreting storm hydrographs

1 HydrographA=3 h. Hydrograph B =12h.

2 Hydrograph Ahasa shorter lag time; higher peak
discharge; more rapid response to the storm;
gischarge falls quicker after peak

3 Hydrograph A= urban drainage basin. Hydrogra
rural, wooded drainage basin.

4 Hydrograph A because there is a short lag time sO the
water in the form of overland flow reaches the river

very quickly.

phB=

Finding out whether thereisa relationship
between two sets of data

1 Pakistan 2005

2 Japan 2011

3 Nocorrelation between magnitude_o
and the number of deaths. Supporting
contrasting earthquakes.

f an earthquake
data from two

100000
1
., B0000 Pakistan 2005
5 :
& 60000
s
% 40000 -
_2 Ira‘n 2003
m:m 9 - -
04a ’ i t . U’IEB 21:“0
6 7 8 ] _1'0
Magnitude on Richter scale
Axes need to be labelled.

4 |deas such asvariation in population and building

density; level of development; location of epicentre;
time of earthquake; level of preparation; danger of
aftershocks; long-term effects such as lack of sheiter,
water and spread of disease.

Chapter7

Testing the effect of different levels of acidity

on the germination of seeds

1 Tocompare results againsta ‘baseline’ and to seeif
the effects were due to changes in pH level.

2 Temperature, number of seeds, age of seeds, size of
Petri dish, light.

3 Average length of root {mm).

Increase pH range, increase sample size, more time for

grow th.

145
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ws of the environment that

no: avolcano that is made up of just lava, it i
4 eided as the lava does not flow easily, and it builds
Wte a conves cone-shape

sdit: the entrance to a horizontal (drift) mine

Aerosols: sprayscontaining fine particles and/or droplets
that become suspended in the atmosphere

Age pyramid: a diagram that shows the proportion of the
population that is male and/or female in different age groups
(usually 5 year intervals)

Algae: plant-like, photosynthetic organisms that lack true
stems, roots and leaves

Algal bloom: the rapid growth of algae in water, caused
particularly by a surge of nutrients

Antecedent soil moisture: the amount of moisture
= present in the soil before a rainfall event

Antinatalist policy: a national or regional policy that aims
to discourage couples from having children

Aquifer: water stored in porous rocks under the ground
Arable farming: the production of crops from land

Artesian aquifer: an aquifer in which the water is under
pressure

Asthenosphere: the layer of the Earth below the
lithosphere, it is hotter and weaker than the lithosphere
above and is capable of plastic flow (deformation of material
that remains rigid)

Basalt: A fine-grained extrusive igneous rock formed by the
cooling of lava at constructive plate margins

Basic volcano: a broad volcano built up from the repeated
eruption of basalt

Benioff zone: a zone of earthquake foci in the upper part of
a subducting oceanic plate at a destructive plate boundary

Bioaccumulation: the build-up of a substance in the body
of a living thing

Bioethanol: the creation of ethanaol from fermentation

from the hreakdown of

Riogas: thet reation of methane
organic materials in an anaerohic digester

’ ce im bl he concentratirn
Riomagnificatiomn: the process in which the concentratig

. s higher at
of a substance in living things becomes higher

e
progressively higher levels in a food chain OrWen

a process in which living things are used tr

e
site

pioremediation:
remove toxic chemicals from a natural

Biotic: living components of the environment that may
affect other living things

Birth rate: the total number of live births over time
Boiler: avessel used to heat water to convert it into steam
Brackish water: water that is salty but notas saltyas
seawater

Bund: anembankment constructed around the edge of an
area to reduce the loss of a liquid (such as water)

Burner: areceptacle used to hold fuel asitis burned

Bycatch: animals caught by fishers that are not the intended
target of their fishing effort

Carbon sink: avegetated area where the intake of carbon
dioxide from the atmosphere in photosynthesis exceeds its
output from respiration, so the net flow of carbon is from the
atmosphere into plants

Carbon store: a mature vegetated area where the intake

of carbon dioxide from the atmasphere by photosynthesis
equals its output from respiration, so the mature plants store
carbon

Carnivore: another name for secondary and tertiary
consumers

Carrying capacity: the maximum size of a population that
an environment can support in terms of food, water and
other resources

Chlorination: adding chlorine-based substances to water

Chlorophyll: the green pigmentin plants that traps light
energy

Cistern: avessel in which water, usually potable, is stored.
forming a type of covered reservoir

Climax community: the stable community characteristics
of an area that persist as long as the climate does not change
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{ end of a tishing net

dend ’
t ) structive plate boundary between o

o doary 3k :
Rltisio” * seulting i fold mountaing
|ﬂ"“1”ml ' ;
 oroup of populations of different species (hat

) v {H'Ill.\' § 1

i mm (s area and interact with each other
.L'h""t
L gomP° ;
B 1ava andt &

n&ensali'ﬂ‘
water.

{\l:‘ﬂ!'h"
avolcano: a volcano built up by alternating layers

sit .
b, conical in shape

e the process in which water vapour turns in
B quid the opposite of evaporation
Bl

onse! vation: the protection and management of natural

greas
i oughing: 2 technique where the furrows caused

S contour P!
k. g follow the contours of the land

by ptoughi"
'-cnntr-’-“’-'pﬁo": a range of methods used to prevent

3 pregnancy

__ canvection currents: transfer heat from place to place,
B encer colder fluid sinks into warmer areas, heat from the

farth's core Causes convection currents in the mantle

] critically endangered: a species thatis at extremely high
risk of becoming extinct in the wild

peath rate: the total number of deaths over time

Decomposers: organisms within an ecosystem that derive
their food from the bodies of dead organisms

peep mining: a type of sub-surface mining
pensity: the number of people livingina populationin a
~ defined area

Dependent variable: the variable thatis measured in an
experiment
Dependent: those people in the population who are not

 economically active (working) and so rely on the those who
are working for their needs

Depletion: areduction orloss
~ Desalination: the removal of salt from water

Desertification: the process by which fertile land becomes
desert

Dieback: the death of a tree or shrub that starts at the tip
ofits leaves or roots and spreads towards the centre :C'f the
Plant, caused by unfavourable enviro amental conditions of
disease

Discharge: the

volur 6

ol wator pye
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1 .IIN-!“l[.r.J[‘., Mt s

Disppen-
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Distillation: the purificat:
tion: the purific ation of a liquid by be
sothal the liquid evaporates A i

5 and ¢, ) e
condenses at a0 he callocted )
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alower temperatyre

Distribution: where popul

not live ations of peaple either

do or dn

Double- ; i
< hulled: aship design that uses a second lpor, allowing
@ Cargo to remain safe if the external lanyor |f,d.1mnp,orl! )

Dmit mine: isamine in which the entry is mare or less
horizantal )

Economic exclusion zone: the zone around 2 tountry's
coastline that is under the contral of that country

Economic water scarcity: a situation in which there is
enough water available but the money does nat exist 1o
extract and/or treat enough of it for human needs

Ecosystem: all the living things (biotic components)
together with all the non-living things (abiotic components) 247
inanarea

Ecotourism: tourism in which the participants travel to see
the natural world, ideally in a sustainable way

Effluent: a discharge of liquid waste

El Nifio Southern Oscillation (ENSO): the change in the
prevailing winds that leads to a change in the pattern of
currents in the oceans of the south Pacific

Electromagnetic induction: a process used for generating
electricity that uses the movement of a metal coil and a

magnet

Endangered: aspecies thatis at high risk of extinction inthe

wild

Endemic: aspecies found in only one area,
process by which
of a development

aften a country

Environmental impact assessment: d
the probable offects on the environment
are assessed and measured

centre: thepointon the Earth
ake

Epi s surface directly above

P

the focus of an earthqu

Erosion: the movement of cock and soil fragments to
rosion:

different locations
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Cuphetic zone: the top 200 m or so of seawaler through
which light can penetrate and inwhich photlosynthesis can
happen

Futrophication: asequence evenls starting with
ennchment of water by mineral nutrients or argamic matter
that leads to a reduction in oxygen levels in the water and the
death of lish and other animals

Evaperation: the process in which liquid water turns into
vapour, the opposite of condensation

.E\[\nnnnri.‘\! growth: when the growth rate of a population
increases rapidly over time

Extensive production: farming that is spread over a wide
area and uses fewer resources per metre of land

Extinction: the process by which a species or other named
group ceases to exist on the Earth orin a named area

Family planning: methods used by a couple to decide when
and how many children to have, may be practised by couples

and encouraged by governments
Famine: a lack of access to food, often over a large area

Focus: the location under the Earth’s surface where an
earthquake originates

Fold mountains: mountains created where two or more
tectonic plates are pushed together, compressing the rocks
and folding them upwards

Food chain: adiagram showing the relationship between
a single producer and primary, secondary and tertiary
consumers

Food web: adiagram showing the relationship between all
{or most) of the producers, primary, secondary and tertiary
consumers in an ecosystem

Fossil fuel: acarbon-based fuel, formed over many millions
of years from the decay of living matter

Fracking: the common term for hydraulic fracking, the

process of obtaining oil or gas from shale rock by the
breaking open to rocks using water, sand and chemicals

Fungicide: achemical used to control fungal diseases

Gene: asequence of DNA that is responsible for a
characteristic of a living organism

Generator: a machine that converts mechanical energy
(such as movement) into electrical energy

Genetically modified organism (GMO): An organism whose
genetic material has been altered by genetic engineering

Geochemical: the chemical propertios of rocks

Geophysical: the physical praperties of racks

Granite: Acoarse f{-r;!t"].f‘-(l Intrusive Ignengs rorle fr,m[-,_-_-_,,..y
]

the minerals quartz, feldspar and mica, it is farmed ar

destructive plate margins

Greenhouse gas: a gas that stops energy in the form of haa

from being lost fram the atmasphere

Greenhouse: a building made of glass ar similar transparent
material that is used manage the environment for plant

growth

Groundwater: water in the soil, and in rocks under the
surface of the ground

Groundwater flow: the process by which infiltrated water
flows through rocks

Growing blueprint: the growing requirements of a crop
throughout its life, which a grower can use to maximise the

yield

Habitat: the place within an ecosystem where an organism
lives

Herbicide: achemical used to control weeds

Herbivore: another name for primary consumer

Hydroponics: growing plants without soil, with the nutrients
the plant needs dissolved in water, this technique is often
used in conjunction with a growing blueprint

Igneous rock: rock made during a volcanic process
Impermeable: does not allow water to pass through
Independent: those people in the population who are
economically active (working)

Independent variable: the variable that is deliberately
changed in an experiment

Inert gas: a gas that rarely reacts with other elements
becauseit s stable, now referred to as noble gases

Infiltration capacity: the maximum rate that water enters soil

Infiltration: the process by which water seepsinto the ground

Insecticide: achemical that kills insects

Intensive production: farming that aims to maximise the

yield from an area using a large amount of resources
t
Inter tropical convergence zone (ITCZ): alow pressure bel

that lies around the equator, where the north-east and sou e‘
east trade winds meet, it receives high precipitation becals

of intense heating from the Sun
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| | Lptime: thetime difference between peak rainfall and
E _makdiSCharge
* Lshars: mudflows of volcanic material, caused when ash
mixes with heavy rain or water from melting snow

~ Leaching: the movement of a soluble chemical or mineral
 away from soil, usually caused by the action rainwater

eriod of time in population growth when
pting to its new environment and growth

 Leastconcern: aspecies that is widespread and abundant

K Legumes: plants that contain nitrogen-fixing bacteria in
~ their roots to produce a source of nitrates

Limiting factor: of all the factors that might affect a process,
- theonethat s in shortest supply

- Liquefaction: the process where loose sediments with
figh water content behave like a liquid when shaken by an

 €arthquake

| .:‘ phEre: The outer and rigid layer of the Earth,
Omprising the crust and the upper part of the mantle

e ¢ soil that is mixture of sand, silt and clay, combining
e best properties of each

Lt Browth: when the growth rate of a population increases
~“Pudly over time
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specific chemical compasition
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Mixed farming: farming that
and growing crops

practises binth rRaAring frmsrmel
1 LLES

Mulch: a natural or artificial layer on the soil surface yeed 10
reduce water evaporation and weed growth -

Natural disaster: When a natural hazard causes damage
and the people affected are unable to cope

Natural hazard: a naturally occurring event that will have a
negative impact on people

Near threatened: a species that is likely to become
endangered in the near future

Niche: the role of a species within the ecosystem

Noble gas: a gas that rarely reacts with other slements
because it is stable, previously referred to as inert gases

Non-renewable: an item orresource that ewsts in a fimite
amount that cannot be replaced

Ocean trench: a depression of the ocean floer that runs
parallel to a destructive plate boundary

Open-cast mining: a type of surface mining
Open-cut mining: atype of surface mining

Open-pit mining: atype of surface mining

Ore: arock with enough of animportant element to make it
worth mining

Organic: derived from living organisms

Osmosis: the process by which water molecules pass
through a semi-permeable mem brane from a weaker
solution to a more concentrated solution to reduce the

difference, it is an essential process in plants for water
uptake from the roots

overburden: the rock and or soil overlying an economically
viable mineral deposit

overfishing: when the number of fish that is caught is
greater than the rate at which the fish reproduce, leadingto a

fall in fish numbersin an area
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Parasite: anorganism that lives in aron another organism,
it gains nutrition from that organism but gives the other
arganism no benefits

Particulate matter (PM): a mixture of very small particles
and liquid droplets suspended in the air

Pastoral farming: farming that focuses on breeding and
rearing livestock

Pathogen: a collective name to describe disease- causing
organisms (bacteria, fungi and viruses)

Percolation: the vertical movement of water from the soil
into the underlying rock

Pest: an animal that attacks or feeds on aplant

Pesticide: achemical used to control pests, but also, less
accurately, used as a collective term to describe pest- and
disease-killing chemicals

Photochemical smog: air pollution in the atmosphere
accompanied by high levels of ozone and nitrogen oxides from
vehicles and caused by the action of sunlight on the pollutants

Photosynthesis: the process by which plants or plant-like
organisms make food in the form of carbohydrate from
carbon dioxide and water using energy from sunlight

Physical water scarcity: a situation in which there is simply
not enough water for human needs

Phytoplankton: small organisms in the sea that can make
their own food and upon which almost all other sea creatures
depend for their food

Plate boundary: Where two or more plates meet, the three
main types of plate boundary are constructive, destructive
and conservative

Plate tectonics: Atheory developed in the 1960s that helps
explain the formation of some of the important features on
the Earth’s surface and how the continents move

Polar vortex: a circulation of strong upper level winds that
surround Antarctica and keep cold air locked in abave the
continent

Pollen grain: the structure in plants that contains the male
sex cell, it is carried to the female organ by pollination
Pooter: adevice for retrieving small animal from nets, pitfall
traps, etc.

Population pyramid: adiagram that shows the proportion
of the population that is male and female in different age

groups (usually 5 year intervals)
Population: all the organisms of one species livingin a
defined area

B

potable water: water that is sale to drink

Precipitation: the process in which liquid water ‘a:*fain] i
ice particles (as snow or hail) fall to Earth due to gravity
Prevailing wind: the direction from which the wind neay,
always blows in a particular area

Primary consumers: Organisms within an ecosystem thg,
derive their food from producers

Primary pollutant: a pollutant that is emitted directly frq,
the source

Producers: organisms within an ecosystem that can carry
out photosynthesis

Pronatalist policy: a national or regional policy that aimstg
encourage couples to have children

Proppant: a material, such as sand, used to keep cracks i
the shale racks open to allow gas or oil extraction

Prospecting: a process of searching for minerals

Pull factors: factors that encourage people to moveiintg 3,
area

Push factors: factors that encourage people to move away
from an area

Pyramid of numbers: adiagram that represents the
numbers of organisms at each feeding (trophic) level in an
ecosystem by a horizontal bar whose length is proportional
to the numbers at that level

Pyroclastic material: very hot gases, ash and volcanic
bombs, pyroclastic flows can reach speeds of over 100 km b
attemperatures of 200 to 700 °C

Quadrat: aframe of known area used to sample organisms
that do not move, such as plants

Quota: the legal limit on the amount of fish that can be caught

Rainwater harvesting: the collection of rainwater, for
example from the roofs of buildings, and storage in 2 tank o
reservoir for later use

Random sampling: a sampling method in which the
sampling device is placed using random number tables orth
roll of dice

Rate of natural increase: the birth rate minus the death &

Remote sensing: a process in which information is E’-athﬂd
about the Earth’s surface from above

i . o
Renewable: anitem or resource that will not be used v?

can be replaced
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#icial lake where water can be stored

- ability of 3 ivINg OTEaNIsM o survive when

. t.i\._"lrﬂlfc-!l {SUCh a5 a DESilclde or hefbltldg)

- process by which living things release
_+.od to carry out the processes of life, such as

__acis: the purification of water b’!’DUmping ftat
" +hrough a fine membrane

.. 3 measure of the magnitude of an

I k: '-._1,'«0’1 with a seismograph and with 3 scale of
- ee-", «on being the most powerful,itis a logarithmic
one - mich means that if an earthquake measures two on
scale hle + is ten times more powerful than an earthquake

cal

Ehe scad

AsUres one
that mea

‘qee push: 2 gravitational force that causes an oceanic
R;a; 1o move away from the crest of a mid-ocean ridge
andinto @ subduction zone, it works together with

slab pull
pift valley: anarea where a continent is being stretched and
the central block moves downwards

pisk: The probability of a natural hazard occurring and the
losses or damage that might result from that natural ha zard

Rock cycle: arepresentation of the changes between the
three rock types and the processes causing them

Rock: acombination of one or more minerals

Run-off: the process by which water runs over the ground
into rivers

Sanitation: the conditions necessary for health, such as
providing clean drinking water and the safe disposal of sewage

Sea-floor spreading: the process by which oceans are
formed at constructive plate boundaries, new oceanic crustis
formed as two ocea nic plates move apart

Secondary consumers: organisms within an ecosystem
that derive their food from primary consumers

Secondary pollutant: a pollutant that forms through
Chemical reactions with primary pollutants

?edimentary rock: arock formed from material derived
[;am the weathering of other rocks or the accumulation of
€ad plants angd animals

Seryi . .

SEW""‘;E feservoir: a reservoirin which potable water IS
3

Sev.ra i s

dra B¢ waste matter that is carried away in sewers o

ing § . - :
*'om domestic (or industrial) establishments
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Stationary Phase: when the growth

T RTTRY
slowed to zerg CTacopulaticn vy

¥

Strato volcano: 3 volcano built up by altemating tsvere ¢
lava and ash, conical in shape SIyEs0

Stratopause: the upper limit of the stratosphers

temperatures remain constant in this boundary layer

Stri.ke rate: the frequency with which attsmpts o fing a
desired mineral are successfyl

Strip mining: Atype of surface mining

Subduction zone: azone where the oceanic plate s
deflected (subducted) down into the mantle, at the surface
the subduction zone coincides with ocean trenches

Sub-surface mining: atype of mining used when tne
deposit is covered by a deep layer(s) of unwanted rock

Supervolcano: avolcano that erupts at least 1000 km? of
material

Supply and demand: the relationship between how much
of a commodity is available and how much is needed or
wanted by consumers of the product

Surface currents: movement of the surface water of the saa
in a constant direction

Surface mining: a type of mining used u.:hen the mineral
is either exposed on the surface or overlain by only small
amounts of overburden

water runs over the ground into iv

. iz —
surface water. water in lakes, rivers and swamp

Scanned with CamScanner

Scanned with CamScanner



Cambridge IGCSE and O Level Environmental Management

S At L
._I\ 5?["-"11.-{“. Snmh[m;‘__: a Ir-~--;-'!|-r'l|,"||."'IEI'|'\q"rhg\u\"| ='|'|,\l‘|’|1|c h 1 he g,1__r1'|,:',.||r\ﬁ
device is placed 3|Dnﬂ aline or some other pre-determined

L e Te o
pattern, the most common pattern being the line of a transect

Tectonic plate: A piece of lithosphere thal moves slowly en
th_f' asthenosphere, seven major, eight minor and numerous
micro plates have been identified

Temperature inversion: when temperatures increase with
altitude

Terracing: the artificial development of flat areas (for
growing crops) in a sloping terrain

Tertiary consumers: organisms within an ecosystem that
derive their food from secondary consumers

Thermopause: the upper limit of the thermosphere,
temperatures remain constant in this boundary layer

Through flow: the process by which infiltrated water flows
through the soil

Transect: asampling method in which sampling devices are
laid out along a line already placed across an area

Transpiration: the movement of water up plants and its
subsequent loss as water vapour from their leaves

Trophic level: afeeding level within a food chain or web
Tropopause: the upper limit of the troposphere

Tsunami: a large wave created by ocean floor displacement
or landslides

Turbine: a machine, often containing fins, that is made to
revolve by the use of gas, steam or air

” i [« e Are y
Upwelling: areaswhere minerals at the acean Hoar are

brought to the surface by currents

Vector: anorganism that carnesa disease-producing
organism, such as the mosquito which carries the malar;

parasite

¥ a=
i a5y

Volatile organic compounds (VOCS): chemicals tha
enter the atmasphere as gases, mainly from evagoration

!

Vulnerability: The characteristics and circumstances of
people in acommunity that make them susceptible to tha

impacts of a natural hazard
Vulnerable: a species that is at high risk of becoming
endangered in the wild.

Water tower: a type of reservoir where potable water s
stored for immediate use

Weathering: the processes that cause rock to be broken
down into smaller particles

Weed: aplant growingin an inappropriate place

Well: ahole bored or dug into rock to reach the water stored
there

windbreak: a permeable barrier, made of either living
vegetation or artificial material, used to reduce the impact of

the wind on an area
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acidic volcano, 138

e ey 1t
acrosols, 157

4

age pyramid, 182
apnculturg
increasing y elds
crop yield, 52-64
world hunger, 59
people
crops, T3-74
fertilisors misuse, 72-T3
herbicides, T0-71
insecticides, T0-72
irrigation misuse, 73
mechanisation, 74-75
overproducation waste, 74
sustainable
aims of, 82
crop rotation, 83
future, 84
irrigation, 83-84
organic fertilisers, 82-83
varieties, 83
types
arable vs. pastoral, 58
extensive vs, intensive, 58
subsistence vs. commercial, 58
agrochemicals, 103
algal bloom, 104
antinatalist policies, 183
aquifers, 92
arable farming, 58
artesian aquifer, 93
atmosphere
composition of, 157
natural greenhouse effect, 159-160
structure of
mesosphere, 159
stratosphere, 159
thermosphere, 159
troposphere, 159
atmospheric pollution
acid rain, 161
enhanced greenhouse effect, 162
impact
162-163
managing
governments, 164-165
individuals, 165
international community, 164
ozone depletion, 161-162
smog, 160-161

B

basalt, 3f

hasic volcanoes, 138
Benches, 9

Renioff zone, 138
binaccumulation, 12
biomagnification, 12, 102
hinremediation, 15
brackish water, 190

bulk carriers, 11

Cc
carbon sink, 204
carbon store, 204
chlorination, 101
chlorophyll, 192
climax community, 201
collision zone, 139
contour ploughing, 78
convection currents, 136
crop yield techniques
breeding
genetic modification, 67-68
selective, 67
competing arganisms
weather impact, 65
environment
controlling, 69-70
greenhouse effect, 63
fertilisers
effect of, 61
organic vs. inorganic, 61
safety, 61
gains mechanisation, 66
irrigation
advantages, 62t
disadvantages, 62t
importance, 61-62
water, 62
water application methods, 62-64
pests
biclogical control, 66
chemical control, 685
and disease, 65
herbicides, 66
nature, 66
rotation, 59-60

D

dam projects, 95-96
deforestation
causes, 202-203
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climate change. 5

fication, 202
ss:: depletion, 203
habitat loss. 203
loss of biodiversi ty, 203
spil erosion. 203
emand far energy

chmate, 34
domestic. 34
aconomic factors, 34
industrial, 33-34
transport, 34
density, 179
desalination, 93
desalination plant, 92
desertification, 73
direct shipping ores (DSO), 11
double-hulled tankers, 44
droughts, 146
DSO. See direct shipping ores (DSO)
dustbin lid effect, 161

E
earth structure, 2f
earthquakes
characteristics of, 139-140
plate boundary
conservative, 139
constructive, 137-138
destructive, 138-139
and volcanic eruptions, 134
volcanoes, characteristics of, 140
economic exclusion zone, 123
economic water scarcity, 94
ecosystem
abiotic factors
humidity, 190
light, 190-191
oxygen, 190
pH, 191
salinity, 190
temperature, 190
water, 190
biodiversity
sedentary organisms, 197-200
Processes
energy flows, 194-196
living things - biotic interaction
mineral cycles, 196-197
photosynthesis, 192
SEdenlar‘y organisms
mabile, 199
Quadrat placing, 198
Systematic sampling, 199
Sliucture, 189-190
“COlourism, 204

ENifio Southern Oscillation (ENSO), 119, 146

d

5, 192-193
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econamic factors kN
environment| fa :
50¢ial Facmrs. 30
Sources, 28¢
lypes, 27-28
using, 28
environmenta| im
epicentre, 139
erosion, 52
euphotic zone, 117
eutrophication, 72, 104
evaporation, 9]
exponential growth, 174
exponential phase, 175

F
family planning, 183
fisheries
farming, 122-123
finding, 117-120
marine species, 121-122
ocean currents, 116
flooding
causes of, 143
irrigation, 64¢
storm hydrographs, 144
fold mountains, 134
food chain, 191
food web, 191
forests
carbon sinks, 204
carbon stores, 204
management of, 204
soil erosion, 205
water cycle, 205
fossil fuels, 26-27
fracking, 41
fuel types, 31t
fungicides, 63

Clors, 3

pact assessment, |2

- netic depletion. 202 -
i lly modified organism (GO, :
e tically modified organ’s!

GMO. See geﬂe
granite, 3f
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growing blueprint, 6
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mpacls education, 37-39

biodiversity loss, 202 exploiting existing, 39-40
genctic depletion, 202 new resources development, 40-41
herbicides, 65

reduce consumption, 35-36
reducing consumption, 36
transport policies, 40

herbivores, 191
human population
density, 179

waste, 36-37
distribution, 179 marble, 5f
managing marine species
family planning, 183 closed seasons, 125
health and education, 183 conservation laws, 125
National population policies, 183 fishing methods, 124
migration harvesting, 123
push and pull factors, 178-179 International agreements, 125
size of mesh size and shape, 124
birth rate, 177 net types, 124
capacity, 175-176 protected areas, 125
death rate, 177 quotas, 124
growth, 174-175 strategies work, 125-126
history, 176-177 mesopause, 159
structure, 182 metamorphic rocks, 4
hydroponics, 69 migration, 178
I mixed farming, 58
igneous rocks, 2 N
impact of rack natural ecosystems
bioremediation, 15-16 agroforestry, 206-207
economic impacts, 15 captive breeding, 211
land restoration, 15-16 corridors, 207
managing, 15 ecological reserves, 207
and mineral extraction ecotourism, 211-212
ecological impacts, 12 extractive reserves, 208
pollution, 12-13 National parks, 207
mining waste, safe disposal of, 15 seed banks, 211
infiltration, 91 sustainable forestry, 206
informal mining, 13 sustainable tourism, 211-212
insecticide, 65, 98 wild plant harvesting, 206
inter tropical convergence Zone (ITCZ), 146 wildlife, 207
interception, 91 World biosphere reserves, 208
intercropping, 81 2005, 211
irrigation, 56 natural hazard
island arc, 139 causes of, 133
ITCZ. See inter tropical convergence Zone (ITCZ) impacts of, 146
managing
L earthquakes, 149-150
lag phase, 175 meaning, 133
lag time, 144 opportunities, 150
lahars, 140 niche, 150
legumes, 60
limestone, 4f 0

liquefaction, 139
lithosphere, 136

loft insulation, 35
long-wave radiation, 160

ocean trench, 138
oceans
resource potential of
chemicals and building materials, 113-114

M food, 113
malnutrition, 77 ts:jf::!:r::;g lv::ter. 115-116
managemer,[ of energy r ¥
esources i H
conservation and, 35 tourism, 1141 5l 15
ENErpy use transport, 1
wave, 114
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‘_ - - 'g-l'lg'n'g" ilg

.y v L 175
" farming. 58
nogens, 65,96
ecticide, 65
"+ .~ hemical smog, 160
«nthesis, 191,192
o2l water scarcity, 94
:-_1;9!3nk10n. 117
2.-smodium, 88
p.ze houndary, 136
on.zr vortex, 162
pollen grain, 192
potzble water, 101
orecipitation, 91
predator, 192
prevailing wind, 116
primary consumer, 191
primary pollutants, 160
pronztalist policy, 183
proppant, 41
pyramid of energy, 195
pyramid of numbers, 192
Pyroclastic material, 140

Q

Quadrat, 197
Quarries, 9

Einwater harvesting, 84
fandom sam pling, 198

e of natural increase, 177
émote sensing methods, 7
"ESpiration, 192,195

everse osmasis, 93

Michter scale, 139

fvaliey, 138

"ok cycle, 4
focks

®Araction methods

sub-surface mining, 9

surface mining, 9
iOTH‘Iat'lon

igneoys, 2-3
Metamorphic, 4

sedimentary, 3-4
and minerals

searching, 6-f

viability of, 101}
useof, 16

S

sea-floor spreading, 138
secondary consumer, 19]
secondary pollutants, 160
sedimentary rocks, 3
service reservoir, 92
sewers, 101
shaft mining, 8
shale, 4f
shield, 138
short-wave radiation, 160
slate, 5f
soil
components, 52
particle size, 52-53
plant growth
deficiency in plants, 56t
mineral ions, 54
nutrient deficiencies in, 55
organic content, 56
pH importance, 55

sandy vs. clay, 56-57
soil erosion

causes
natural vegetation, removal of, 75
overcultivation, 75
avergrazing, 75
water erosion, 76
wind erosion, 75-76
impacts, T6=TT
reducing methods
bunds, 78
cantour ploughing, 78
crop maintaining, 80-81
multi-layered approach 1o Crepping, 81
organic matter, 81
terracing, 77-78
windbreaks, 19
stationary phase, 175
stratopause, 159
strip mining, 8
subduction zone, 138
sub-surface mining, 8
surface currents, 116
surface mining, 8
surface run-off, 91
surface water, 92
sustainable tourism, 212
systematic sampling, 198

T

tectonic plates, 135
temperature inversion, 159
terracing, 77

tertiary consumer, 191
thermopause, 159

Scanned with CamScanner

Scanned with CamScanner

7
w.
. " e



ridge IGCSE and O Level Environmental Management

tidal power, 29

trace elements, (1
transpiration, 91

troprcal ovclones, 141-143
iropopause, 159

Isunmamm, 139

U

upwelling, 119

use of rocks
efficiency of extraction, 17
and minerals, 16
recycling, 17-18

v

VOCs. See volatile organic compounds (VOCs)
volatile organic compounds (VOCs), 161
vulnerability, 134

W
water
cycle, 91
distribution of, 90
drinking, 94
fresh, human use
ground, 92-93
from rivers, 92

na, 93
human need
agricultural, 92
domestic, 92
industrial, 92
pollution, 100- 106
related disease
cholera, 96
malaria, 96-100
typhoid, 96
water pollution
agriculture
eutrophication, 103-106
domestic waste
improved sanitation, 101
sewage treatment, 100-101
treatment, 101
industrial processes
acid rain, 102-103
toxic compounds from, 102
water towers, 92
wave power, 29
weathering, 52
weed, 64
windbreaks, 79
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