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This teachers’ resource pack on climate change and ozone
depletion is designed for science and geography students taking
Key Stage 4 of the National Curriculum, although it may be useful
for A-Level courses as well.
Students will gain maximum benefit if all of the lessons are covered
in the order set out in this pack. However, lessons may be used in
isolation if teaching time does not permit, or if certain lessons prove
relevant for a particular syllabus.
Lesson 1 provides an overview of the greenhouse effect and global
warming. It includes a simple experiment which illustrates the basic
principle of the greenhouse effect.
Lesson 2 reviews the greenhouse gas carbon dioxide in more detail.
It includes a simple experiment on the production and detection of
carbon dioxide.
Lesson 3 discusses the complicated subject of ozone, reviewing its
role as both a greenhouse gas and filter of damaging sunlight within
the ozone layer.
Lesson 4 concentrates on the predicted impacts of global warming,
in particular what is expected as a result of rising sea levels. An
experiment on the effect of melting land and sea ice is included
within the lesson.
Finally, lesson 5 looks at how we reduce the threat of global
warming: how governments have addressed the problem and how
we as individuals can manage our use of energy and transport, and
our production of waste, more sustainably.
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At the back of each lesson are A4-size copies of some of the
relevant illustrations in the lesson notes, for printing and copying to
OHP.
It is hoped that you will find this resource pack both useful and
informative. If you have any criticisms, comments or ideas on how to
improve the pack we would be very interested to hear them. You
can contact us at the address below:

Atmosphere, Climate & Environment Information Programme
Atmospheric Research and Information Centre
Manchester Metropolitan University
Chester Street, Manchester, M1 5GD
Tel: 0161 247 1593
Fax: 0161 247 6332
e-mail: aric@mmu.ac.uk
Internet: http://www.doc.mmu.ac.uk/aric/arichome.html

© ARIC 1999
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Pupils’ Information Sheet

What is the atmosphere?
The atmosphere is a mixture of gases and particles which form a
blanket around the Earth. The atmosphere contains just the right
amount of oxygen to allow us to breathe; it protects us from the
Sun's radiation and helps maintain the temperature of our planet
at a level which is comfortable for living things.
The atmosphere stretches for over 500km up from the Earth's
surface and is made up of several layers, shown in Figure 1
overleaf. The average composition of the atmosphere is
approximately 78% nitrogen (N2) and 21% oxygen (O2). The other
1% consists mainly of argon and carbon dioxide with very small
amounts of other gases such as methane, nitrous oxide and CFCs.
The Troposphere is the lowest layer of the Earth's atmosphere
and spans from the Earth's surface up to about 15km. About 8090% of gases in the atmosphere are found within this layer. The
temperature within the layer decreases the higher one climbs. All
of the Earth's weather systems are contained within the
troposphere.
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Figure 1: The structure of the atmosphere

The Stratosphere. Supersonic aircraft, such as Concorde, fly in
this level of the atmosphere. Unlike the troposphere, the
temperature in the stratosphere increases with altitude, and
there is little or no water vapour. The ozone layer is found in this
layer of our atmosphere.
The Mesosphere. Many satellites orbit the Earth within this
layer, and the Aurorae (the Northern and Southern Lights) also
occur in this layer. The lowest temperatures in the whole of the
atmosphere are in the mesosphere.
The Thermosphere. This layer absorbs energy from the Sun and
temperatures within the layer can reach as high as 7000C. There
are very few gases or particles in this region of the atmosphere,
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and it is the last layer that space rockets have to travel through
before they reach the near vacuum of space.

What is the natural greenhouse effect?
The greenhouse effect is a natural phenomenon which allows the
Earth to be warm enough to support life. Without the greenhouse
effect the average temperature of the earth would be -18
degrees Celsius (oC), about the temperature at the North Pole!
The greenhouse gases in the atmosphere act in a similar way to
panes of glass in a greenhouse (see Figure 2 below). Radiation
from the Sun (consisting mainly of visible and ultraviolet (UV)
radiation) can travel through glass into the greenhouse. When this
radiation is absorbed by objects in the greenhouse, it is reradiated as infrared (IR) radiation, or heat. This heat cannot
escape through the glass, so the greenhouse warms up.
Figure 2: The greenhouse effect in a greenhouse
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The greenhouse gases in the atmosphere produce a similar effect.
The Sun's radiation passes through the atmosphere, is absorbed
by the surface of the Earth, and is re-radiated as infrared
radiation. This is then absorbed or reflected by the greenhouse
gases, rather than escaping to space, therefore warming the
atmosphere. Figure 3 below shows this effect.
Figure 3: The greenhouse effect of the Earth

What is the enhanced greenhouse effect?
Within the past few hundred years human activities have
increased the concentrations of greenhouse gases in the
atmosphere. Scientists believe that the addition of greenhouse
gases from these activities has thrown the natural greenhouse
effect out of balance, and that the atmosphere is trapping too
much heat and causing the temperature of the Earth to rise. This
is known as the enhanced greenhouse effect or global warming
(Figure 4).
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Figure 4: The enhanced greenhouse effect

What are the greenhouse gases?
Most of the gases (apart from ozone) which give rise to the
natural greenhouse effect let through ultraviolet and visible
radiation, but absorb infrared radiation. The main greenhouse
gases are:
• Water Vapour (H2O)
• Carbon dioxide (CO2)
• Methane (CH4)
• Nitrous oxide (N2O)
• Chlorofluorocarbons (CFCs)
• Hydrochlorofluorocarbons (HCFCs)
• Hydrofluorocarbons (HFCs)
• Ozone (O3)
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Greenhouse gases make up a very small percentage of the
concentration of the gases in the atmosphere; nitrogen and
oxygen make up 99%! Carbon dioxide, for example, makes up only
0.037% of the gases in the atmosphere.
Figure 5 shows how the various greenhouse gases have
contributed to the enhanced greenhouse effect or global
warming during the last 200 years.
Figure 5: Contribution of greenhouse gases to global warming

Where do greenhouse gases come from?
Water vapour is the most important greenhouse gas, and occurs
naturally in the atmosphere because of evaporation from the
oceans and by a process known as transpiration in plants. We have
very little or no control over the amount of water in the
atmosphere.
Climate Change & Ozone Depletion Teaching Pack: KS3/4
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Carbon dioxide is the most important greenhouse gas which has
man-made sources. Carbon dioxide is released by animals
(including humans) when they breathe, by burning fossil fuels
(coal, gas and oil) or wood, and through the cutting down of trees
and plants which take in carbon dioxide.
Methane is produced naturally when vegetation is burnt, digested
or allowed to rot without oxygen being present. Methane also
comes from rice fields, grazing cattle, landfill sites full of
household rubbish, and coal mines. 90% of rubbish in the UK is
disposed of in landfill sites, making up 29% of total man-made
methane emissions in the UK.
Nitrous oxide is produced naturally by the oceans. Man-made
sources of nitrous oxide include the use of fertilisers on farms
and the production of nylon.
CFCs do not exist naturally; they are man-made chemicals used in
air conditioning, fridges and polystyrene foam. CFCs are also very
powerful ozone depleters.
HCFCs and HFCs are also man-made chemicals; they are used as
replacements for CFCs.

What is wrong with global warming?
Although global warming may mean warmer weather, it could also
lead to many changes in our normal lives. Nobody is sure how
severe the effects will be.
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Sea levels may rise; as warmer weather would melt the polar ice
caps, parts of the world may disappear, for example the Maldives,
Bangladesh and even East Anglia!!
Water Supplies might be affected. In some areas there will be
more rain, whilst other areas might experience drier weather and
eventually droughts.
Agriculture could be affected. Warmer climates might mean
longer growing seasons. On the other hand, crops might be
affected by less water and an increase in the number of pests and
parasites.
'Tropical' diseases might become a widespread problem in a
warmer world.

What can be done to stop global warming?
There are many ways we, individually and as a family, can help stop
global warming. All involve reducing our energy use, or energy used
to make products which we buy, which reduces the amount of
greenhouse gases released
• Use less electricity gas and oil.
• Turn off unnecessary lights.
• Walk, cycle or catch the bus to school instead of going in the
car.
• Turn the thermostat of your central heating down by 1oC. This
can help you save up to 10% on your family's fuel bills.
• Recycle your household rubbish; items made of glass, metal
plastic or paper can all be recycled.
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• Do not buy products which use too much packaging.
• Re-use plastic carrier bags when you go the supermarket.
• Only buy wood and wood products grown in sustainable forests.
• Become involved with a local environmental group.

Questions/further work
1. Can you think of other ways in which the individual may help
reduce the emission of greenhouse gases into the atmosphere?
2. If you were taking a trip in a NASA space shuttle, describe the
conditions and views you would experience as you travel through
the Earth's atmosphere.
3. Can you list ten good and ten bad points about a warmer
world?
4. If the Earth did not have a greenhouse effect, describe what
life would be like on the surface. Which planet would the Earth be
most like: Venus, Jupiter or Mars?
5. How do cars, buses and trains enhance the natural greenhouse
effect?
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Teachers’ Information Sheet

Introduction
The composition of the Earth's atmosphere is undergoing an
unprecedented change, largely as a result of human activities.
Industrial development, fossil fuel burning, deforestation and
agricultural practices have led to an increase in the atmospheric
concentration of gases such as carbon dioxide and methane, the
gases that are responsible for the greenhouse effect. The increase in
concentration of these gases could have far reaching consequences.
Scientific estimates indicate a rise in the global mean temperature of
between 1.4 and 5.8oC over the next 100 years, and it is obvious that
a temperature rise of this magnitude, over such a relatively short
space of time, would have major impacts.
This lesson aims to introduce pupils to the concepts of the
greenhouse effect and global warming, and can be used as an
introduction to the issues, preceding the more comprehensive
discussions contained in lessons 2 to 5. Alternatively, it can be used
as a ‘one off’ lesson to provide a brief overview of the subject.
The lesson format is based on a series of questions:
•=
•=
•=
•=
•=
•=
•=

What is the atmosphere?
What is the natural greenhouse effect?
What is the enhanced greenhouse effect?
What are the greenhouse gases?
Where do greenhouse gases come from?
What is wrong with global warming?
What can be done to stop global warming?
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What is the atmosphere?
This section introduces the structure and importance of the
atmosphere. It includes a diagram of the structure of the atmosphere,
which has been enlarged for photocopying as an OHP, at the back of
these notes.
The atmosphere is a 500 km thick layer, composed of a mixture of
gases, which protects the planet from the Sun's harmful radiation,
allows us to breathe and helps maintain the temperature of the planet.
The atmosphere has several different layers. The troposphere is the
lowest layer of the atmosphere, and extends to an altitude of between
10 - 20 km from the Earth's surface. It is within the troposphere that
clouds and weather systems occur. Approximately 80 - 90% of the
mass of the atmosphere is in the troposphere. The temperature
decreases with height in the troposphere, until a minimum
temperature is reached at the tropopause (the boundary between the
troposphere and the stratosphere).
The stratosphere reaches from the top of the troposphere to about
50 km above the surface of the Earth. Concorde and other supersonic
aircraft fly within the lower part of the stratosphere. The ozone layer
is also found in the stratosphere. It protects us from the Sun's ultraviolet (UV) radiation. The ozone layer is located between 15-35 km
above the Earth's surface. Unlike the troposphere, the temperature
within the stratosphere increases with altitude, primarily as a result of
the absorption of UV radiation by ozone.
The mesosphere is the layer of the atmosphere between 50-80 km
above the Earth's surface. It is within this layer that satellites orbit the
Earth. Temperatures within the mesosphere decrease with altitude, to
a minimum of about -80oC at the boundary with the thermosphere.
The thermosphere is the upper layer of the atmosphere between 80500 km above the surface of the Earth. Temperatures within this layer
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can reach as high as 700oC, and all particles within the layer are
either positively or negatively charged. It is this ionisation of
atmospheric gases that leads to the phenomena of the Aurora
Borealis and Aurora Australis. The ionosphere and magnetosphere
are parts of the thermosphere.

What is the natural greenhouse effect?
This section describes how the greenhouse effect is a natural
phenomenon. It also explains how it is similar to the effect the heating
of a greenhouse on a sunny day. The experiment associated with this
section illustrates, in simple terms, the effect of a 'greenhouse' on air
temperature. A copy of the experiment is included with this lesson.
The greenhouse effect is a natural occurrence that allows the Earth to
maintain a temperature suitable for supporting life. The greenhouse
gases within the atmosphere behave in a way similar to a pane of
glass in a greenhouse. A diagram illustrating this effect can be seen
on OHP No. 2.
In a greenhouse, shortwave (visible and UV) radiation passes into the
greenhouse through the glass. This shortwave radiation is absorbed
and re-radiated by objects in the greenhouse as longwave (IR)
radiation, or heat. However, most longwave radiation is reflected by
the glass. This traps the heat inside the greenhouse and causes the
temperature within the greenhouse to rise. Similarly, shortwave
radiation can pass through the Earth's atmosphere easily. This
radiation is then absorbed by the Earth's surface, and re-radiated as
longwave radiation. The greenhouse gases in the atmosphere
absorb or reflect some of the reflected longwave radiation, preventing
it from escaping back into space. The effect of this is to increase the
temperature of the lower atmosphere.
Without the greenhouse effect the temperature of the Earth would be
approximately -18oC, about the temperature at the North Pole.
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What is the enhanced greenhouse effect?
This section briefly introduces the concept of an anthropogenically
induced climate change, i.e. one that is changed by mankind. It is
important to emphasise the fact that both the natural and man-made
greenhouse effects involve the same process, but that the
anthropogenic greenhouse effect is an unnecessary enhancement of
the natural effect. An enlarged illustration of the enhanced
greenhouse effect (for photocopying as an OHP) is included at the
back of these notes.
Over the past few hundred years, human activity has led to large
amounts of greenhouse gases being released to the atmosphere.
Scientists believe that the resulting increase in the atmospheric
concentrations of these gases has caused an increase in the natural
greenhouse effect. This means that the atmosphere is trapping too
much heat, leading to an increase in the temperature of the Earth.
The enhanced greenhouse effect is therefore that part of the
greenhouse effect that can be attributed to anthropogenic emissions
of greenhouse gases. It is this enhanced greenhouse effect which
may be causing global warming and climatic change.

What are the greenhouse gases?
This section explains what the greenhouse gases are, and how most
of them have both natural and man-made sources. A list of the main
greenhouse gases is included. An enlarged illustration of the
contribution of the greenhouse gases to the enhancement of the
greenhouse effect (for photocopying as an OHP) is included at the
back of these notes.
The gases which create the greenhouse effect by absorbing radiation
in the atmosphere are called the greenhouse gases. They are
generally transparent to shortwave radiation, but opaque to longwave
radiation. The greenhouse gases are produced through both natural
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and anthropogenic or man-made processes. Greenhouse gases
comprise a very small percentage of the atmosphere, which consists
mainly of nitrogen and oxygen. Water vapour is the most important
greenhouse gas, and usually makes up between 1 - 4% of the
atmosphere. Carbon dioxide makes up only 0.037% of the
atmosphere. The main greenhouse gases are:
•
•
•
•
•
•
•
•

Water vapour (H2O)
Carbon dioxide (CO2)
Methane (CH4)
Nitrous oxide (N2O)
Chlorofluorocarbons (CFCs)
Hydrochlorofluorocarbons (HCFCs)
Hydrofluorocarbons (HFCs)
Ozone (O3)

Where do the greenhouse gases come from?
This section discusses the natural and man-made sources of the
major greenhouse gases in more detail.
Water vapour is the gas responsible for most of the natural
greenhouse effect. Its concentration in the atmosphere is almost
entirely due to evaporation and transpiration from the surface of the
Earth. Hence, its atmospheric concentration cannot be controlled by
human intervention.
Carbon dioxide is the most important greenhouse gas with significant
man-made sources. It is produced naturally through respiration of
plants and animals, the decay of plant and animal matter and forest
fires. There are also many man-made sources of CO2. The burning of
the fossil fuels: oil, coal and natural gas emits large quantities of
carbon dioxide into the air every year. Deforestation and other landuse changes are further sources of increased emissions. Trees and
plants absorb carbon dioxide into the tissues and wood fibre through
Climate Change & Ozone Depletion Teaching Pack: KS3/4

18

ACE Information Programme

aric

the process of photosynthesis. In recent years, large areas of land
have been cleared of trees to make way for agricultural systems and
housing. This means that the carbon dioxide that was stored within
the trees is released into the atmosphere. Other man-made sources
of CO2 include biomass burning and the manufacture of cement
(lesson two discusses the role of CO2 in more detail).
Methane is formed naturally in wetland regions through the anaerobic
decay of organic material. Man-made emissions of methane include
the cultivation of rice, biomass burning, coal mining and landfill sites.
The emission of methane from landfill sites is an increasing problem
and is the result of anaerobic decay of domestic waste. 90% of the
UK's domestic refuse is put into landfill sites, this accounts for 29% of
the total man-made methane emissions within the UK.
Nitrous oxide is naturally produced by the oceans and rainforests.
Man-made sources of nitrous oxide include: the production of nylon
and nitric acid; agricultural practices (especially the use of artificial
fertilisers) and cars with three-way catalytic converters.
Chlorofluorocarbons (CFCs) do not exist naturally; they are manmade compounds containing chlorine, fluorine and carbon. CFCs
have been responsible for about a quarter of the enhanced
greenhouse effect. Production of CFCs began in the 1930s when they
were developed as refrigerants. After the Second World War many
other uses for CFCs were discovered including propellants in
aerosols, blowing agents in foam rubber and takeaway food cartons,
and in air conditioning systems. CFCs are however very powerful
greenhouse gases and cause considerable damage to the ozone
layer. Consequently, CFCs are being phased out under the Montreal
Protocol (more information on the Protocol can be found in lesson
three: Ozone).
Hydrochlorofluorocarbons (HCFCs) and hydrofluorocarbons
(HFCs) are also totally man-made compounds; they were developed
in the 1980s as a replacement for CFCs. HCFCs are scheduled to be
Climate Change & Ozone Depletion Teaching Pack: KS3/4
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phased out by the year 2029, but there are currently no restrictions on
HFCs.
Ozone occurs mainly in the stratosphere, where it does not contribute
to the greenhouse effect. However, it is also present in very low
concentrations in the troposphere, where it does contribute to global
warming. Detailed information can be found in lesson three: Ozone.

What is wrong with global warming?
This section outlines the potential impacts of climate change and
discusses how they are likely to affect various aspects of our
environment.
Sustained global warming could have many adverse effects on the
climatic systems of the Earth, resulting in severe changes to the
Earth's surface. In many parts of the world warmer temperatures are
expected. Scientists have estimated that a rise in global mean
temperature of between 1.4 and 5.8oC may be experienced by 2100.
The largest rises in temperature are expected to occur in the polar
regions, which could have serious consequences for the rest of the
planet. If the temperature within the polar regions were to rise, the ice
sheets that make up these continents would start to melt, resulting in
a raising of sea level. This would cause many problems. Low-lying
areas of the world might become submerged, including some parts of
the UK such as the Norfolk Broads; whole populations might have to
move away from these areas, leading to increased pressure on land
and resources elsewhere.
Water supplies would be affected; some areas may experience more
rain, whilst other areas would experience a drier climate which could
lead to food shortage, drought and possibly desertification of the land.
Agriculture and farming would be severely affected by temperature
and other climatic changes, though no-one is sure whether there

Climate Change & Ozone Depletion Teaching Pack: KS3/4

20

ACE Information Programme

aric

would be a net change in the availability of food resources. On the
positive side, higher temperatures would mean longer growing
seasons in temperate regions; increased concentrations of carbon
dioxide could mean faster growth for some crop species. On the
negative side, there could be a reduction in soil moisture or the
availability of water for irrigation; agricultural pests, currently limited in
their distribution by temperature, could thrive in warmer environments.
Disease could also be a problem. Many of the ‘tropical’ diseases
associated with hot climates, such as malaria, may affect a larger area
of the world if average global temperatures increase.

What can be done to stop global warming?
This section discusses the international response to the threat of
climate change, and the options open for reducing anthropogenic
greenhouse gas emissions including the international agreement on
climate change signed at the Rio Summit.
The response of international leaders to the issue of global warming
has been positive and very encouraging. At the 1992 Earth Summit in
Rio over 160 Governments signed the Framework Convention on
Climate Change. The Convention requires all countries that ratify the
treaty to produce a national programme containing measures that will
limit the amount of greenhouse gases produced within their national
boundaries. It was agreed that developed countries should aim to
return their emissions to the 1990 levels by the year 2000. In 1997,
the Kyoto Protocol called for developed nations to reduce emissions
of greenhouse gases by 5% by 2012. This Protocol will become
legally binding when enough countries have ratified it.
The largest contribution to the enhanced greenhouse effect is from
the production and consumption of energy, principally the emission of
CO2 from the combustion of fossil fuels. One of the most effective
ways to stop global warming is therefore to use energy sources which
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either release less CO2 (such as gas-fired power stations), or none at
all (such as renewables or nuclear power). These options are not
always feasible in the short term: for example, there is as yet no
serious alternative to the petrol or diesel driven car. Another attractive
option is to produce and use energy more efficiently. This is the main
strategy of the UK Government for reducing CO2 emissions.
CFCs are currently being phased out under the terms of the Montreal
Protocol. Though their replacements (HCFCs and HFCs) are also
greenhouse gases, they stay in the atmosphere for a shorter length of
time, so contribute less to the greenhouse effect over a long timescale
(but not over a short timescale, i.e. 10-20 years).
Deforestation, particularly the destruction of tropical rainforests,
makes a significant contribution to CO2 emissions. Sustainable
forestry, where new trees are planted as older ones are felled, can
help to mitigate this problem.

Questions and sample solutions
1. Can you think of other ways in which the individual may help
reduce the emission of greenhouse gases into the atmosphere?
Sample solution: Recycling, reduce car use, energy efficiency, buying
organic products.
2. If you were taking a trip in a NASA space shuttle, describe the
conditions and views you would experience as you travel through the
Earth's atmosphere.
Solution: Pupils should use the description of the various layers of the
atmosphere to formulate their answers.
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3. Can you list good and bad points about living in a warmer world?
Sample solution: Good: UK would be sunnier and warmer, a warmer
world would need less energy for heating buildings, colder countries
would be able to grow a larger range of crops, solar energy would be
more prevalent.
Bad: Dry regions would become even drier, sea levels will rise and
flood low-lying areas, erratic weather conditions would increase,
droughts would increase, heat related diseases would become more
prevalent, there would be more cases of sunburn.
4. If the Earth did not have a greenhouse effect, describe what life
would be like on the surface. Which planet would the Earth most be
like: Venus, Jupiter or Mars?
Solution: Earth would have an average global temp of -18oC which
would mean the surface would be covered with ice and the majority of
the seas would be frozen. A description of an ice age era would be
relevant. Earth would most resemble Mars.
5. How do cars, buses and trains add to the greenhouse effect?
Solution: The burning of fossil fuels, either through petrol and diesel
adds to the greenhouse effect. Electric trains do not emit greenhouse
gases but they run on electricity that may have been produced at a
coal, gas or oil-powered power station.
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Glossary
Anaerobic: in the absence of oxygen.
Anthropogenic: man-made; resulting from human activity.
Aurora: Lights in the atmosphere seen radiating from regions of the
poles.
Biomass: organic matter, generally excludes fossil fuels.
Radiation: transmission of heat, light, etc. from a body without the
need for a medium (such as gas or liquid).
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OHP1: The structure of the atmosphere
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OHP2: A representation of the greenhouse effect
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OHP3: Contribution of greenhouse gases to
global warming
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Experiment

Introduction
The greenhouse effect is a very important natural phenomenon.
Without the greenhouse effect life on Earth would be very different.
The greenhouse gases trap heat energy allowing the Earth to keep
warm. If they were not there, the temperature of the Earth would be
about 30oC colder than it is now.
Mankind's activities have led to an increase in the concentrations of
greenhouse gases in the atmosphere, and if this continues it could
have many effects on the Earth.
Aim
To make a ‘greenhouse’ and to test the effect it has on air
temperature.
Equipment
•
•
•
•
•

One 2 litre clear plastic drinks bottle.
One nail.
Two thermometers.
One piece of black paper or card.
Blu-tac.

Method: Creating a Greenhouse
1)
Carefully make a hole in the top of the drinks
bottle with the nail. Place a piece of black paper in the
bottle. This will help to absorb sunlight and re-radiate it
as infra-red radiation.
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2)
Insert one of the thermometers into the hole
so that the bulb of the thermometer is in the
middle of the bottle. If necessary, secure the
thermometer with blu-tac to ensure an airtight
seal. Make sure both thermometers are at the
same temperature.
3)
Place the bottle in sunlight. The experiment will work best on a
sunny day.
4)
Put the second thermometer next to the
bottle, make sure that it is receiving the same
amount of sunlight as the bottle.
5)
After 20 minutes read and record the
temperatures on both the thermometers.
Results
Initial temperature of both thermometers:

=

o

Final temperature of thermometer in bottle:

=

o

Final temperature of exposed thermometer:

=

o

C
C
C

Which thermometer recorded the highest temperature?
Why do you think this is?
Conclusion
The plastic drinks bottle works in the same way as a greenhouse; it
allows sunlight to enter the bottle but it does not allow the heat
radiation to pass back out of the bottle, causing the temperature within
the bottle to rise.
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Pupils’ Information Sheet

What are the sources of carbon dioxide?
Carbon Dioxide (or CO2) is created naturally by animals’ breathing
(respiration) and by the decay of plant and animal matter. These
processes are natural sources of carbon dioxide in the
atmosphere and account for about 38% of all CO2 emissions
(Figure 1). Another large natural source of CO2 includes the
oceans.
Carbon dioxide is also released by the burning
of fossil fuels (coal, oil and gas) for power and
electricity, and the production of cement.
These are anthropogenic or man-made sources
of

carbon

dioxide.

Although

man-made

emissions of CO2 are significant, they are much
smaller than natural emissions.
Another important man-made source of carbon dioxide is
deforestation. Trees and plants take in carbon dioxide through
the process of photosynthesis, and store it as carbon in their
tissues and wood fibre. In many regions of the world, forests are
being destroyed to clear land for development. This allows the
large amount of carbon in the wood to be released into the
atmosphere as carbon dioxide.
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Figure 1: Sources of carbon dioxide

What are the sinks of carbon dioxide?
A sink is a method by which a gas can be removed from the
atmosphere.
Carbon dioxide has several sinks within the
atmosphere, including trees and plants
(mentioned earlier in the text). Hence the
process

of

deforestation

removes

an

important sink for carbon dioxide. In
addition to this, if the wood is then burnt
as in the ‘slash and burn’ technique the CO2 is released through
the burning process.
Another sink for carbon dioxide is the ocean (Figure 2). (The
ocean is both a source and a sink for CO2.) The ocean acts as a big
reservoir holding CO2 within its watery depths. A molecule of
carbon may stay in the ocean for anything up to 200 years.
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Figure 2: Sinks of carbon dioxide

How much carbon dioxide is in the atmosphere?
Before the Industrial Revolution, the concentration of CO2 in the
atmosphere had hardly changed over hundreds of years. This was
because the amount of CO2 removed from the atmosphere by the
CO2 sinks equalled the amount released to the atmosphere from
the CO2 sources. Human activity has resulted in CO2 being
released from sources faster than it can be absorbed by the
sinks, so the concentration of CO2 in the atmosphere has
increased.
Since 1957 a record of the amount of carbon dioxide present in
the atmosphere has been kept at Mauna Loa in Hawaii (Figure 3).
This record show a clear increase in the amount of carbon dioxide
in the atmosphere of about 1.2 ppmv or 0.3% per year. The
sawtooth shape is due to the annual fluctuation of CO2
concentration in the atmosphere arising from the annual growth
cycle.
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Figure 3: Atmospheric concentration of carbon dioxide in Hawaii

Both Table 1 and Figure 4 show the concentration of carbon
dioxide in the atmosphere over the past 250 years.
Table 1: Concentrations of carbon dioxide in the atmosphere
since 1740
Year

CO2 Concentration (ppmv)

1740

280

1760

280

1820

285

1850

290

1890

295

1815

300

1930

305

1950

310

1960

317

1965

315

1970

325

1975

330

1980

339

1985

350

1990

353

1995

359
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Figure 4: Atmospheric concentration of carbon dioxide since 1750

How long does carbon dioxide stay in the atmosphere?
All gases stay in the atmosphere for a certain length of time
before they are removed by their sinks. This time is known as the
atmospheric lifetime of a gas. Carbon dioxide has an atmospheric
lifetime of between 50 - 200 years. This means that carbon
dioxide will be present in the atmosphere for at least 50 years
before it is absorbed by a sink or becomes part of another
chemical reaction. Consequently, carbon dioxide emitted into the
atmosphere today could cause global warming for up to two
centuries to come.

What can be done to reduce the amount of carbon dioxide in
the atmosphere?
A group of scientists brought together by the United Nations,
called the Intergovernmental Panel on Climate Change (IPCC),
estimate that in order to stabilise carbon dioxide concentrations
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at present day levels a 60% reduction of global CO2 emissions
would be needed.
The United Nations Framework Convention on Climate Change
was signed by over 150 nations at the 1992 Earth Summit in Rio.
The Convention says that all countries that sign the Treaty must
produce a programme describing the steps they will take to limit
the amount of greenhouse gases they produce. The programme
must also state how they are going to protect sinks of carbon
dioxide such as forests. The developed countries such as the UK,
USA and Japan were committed to return their emissions of
greenhouse gases to the levels that were emitted in 1990 by the
year 2000. Developing countries were offered helped to produce
their own programmes by countries like the USA, the UK and
Japan.
In 1997, the Kyoto Protocol called for developed nations to
reduce emissions of greenhouse gases by 5% by 2012. This
Protocol will become legally binding when enough countries have
ratified it.

What can we do to reduce the amount of carbon dioxide that
is being produced?
There are a number of steps that our families and we can take to
reduce the amount of carbon dioxide being produced by being
energy efficient at home. The average home creates 7.5 tonnes of
carbon dioxide each year (the same weight as a full sized
elephant).
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• Only use the heat, light and appliances you really need.
• Ask your parents to lag the hot water tank.
• Turn the thermostat of your central heating down by one or
two degrees Celsius.
• Buy energy saving lightbulbs.
• Use public transport, walk or ride a bike to school rather than
go in the car. (Did you know the average car emits more than

its own weight of carbon dioxide each year.)
• Plant trees at home and in your school grounds.
• Don’t buy over-packaged goods - recycle and reuse wherever
possible.

Questions/further work
1. Using the table of CO2 concentrations found earlier in the text,
plot a graph of year against carbon dioxide concentrations.
2. From the graph, can you estimate what the concentration of
carbon dioxide was in the year 1880?
3. In what year was the concentration 345 ppmv?
4. In your opinion, what would be the best method of reducing
carbon dioxide concentrations?
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Teachers’ Information Sheet

Introduction
This lesson looks at one of the principal greenhouse gases, carbon
dioxide (CO2), in more detail. Carbon dioxide is a colourless,
odourless gas. Its present day atmospheric concentration is
approximately 367 ppmv (parts per million by volume). It is the
principal anthropogenic contributor to the greenhouse effect, and
there has been a major increase in the amount of the carbon dioxide
in the atmosphere over the past 200 years. The suspected main
cause for the increase in atmospheric concentrations of this gas has
been man-made emissions since the Industrial Revolution from
processes such as fossil fuel combustion.
The lesson is structured around the following questions:
•=
•=
•=
•=
•=

What are the sources of CO2?
What are the sinks of CO2?
How much CO2 is in the atmosphere?
How long does CO2 remain in the atmosphere?
What can be done to reduce the amount of CO2 in the
atmosphere?
•= What can we do to reduce the amount of CO2 being produced?

What are the sources of carbon dioxide?
This section looks at the sources of carbon dioxide, with particular
emphasis on the anthropogenic or man-made sources, which are of
particular relevance to global warming. (See also the enlarged figure
of carbon dioxide sources at the back of these notes, for photocopying
to OHPs.)
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Carbon dioxide is produced naturally through the process of
respiration, the decay of plant and animal matter, and natural forest
fires. However, there are many anthropogenic sources of carbon
dioxide. For example fossil fuel combustion, land use changes and
cement manufacture are all major anthropogenic sources of CO2.
Fossil fuel combustion: fossil fuels contain large quantities of
carbon. When they are burnt, this carbon is released into the
atmosphere as carbon dioxide, leading to an increase in its
atmospheric concentration. The amount of CO2 released depends on
the type of fossil fuel used. Coal, for example, emits more CO2 per
unit of useful energy produced than does natural gas.
Land use changes: changes in the use of land, as a result of
deforestation, have had a major impact on the amount of carbon
dioxide emitted into the atmosphere. Trees and plants absorb carbon
dioxide during the process of photosynthesis, and the carbon is stored
in the tissue and wood fibre of the tree. The large scale clearing of
many of the world's forested areas, such as the Amazonian rainforest
and the rainforests of Malaysia, for agricultural and industrial
purposes, has reduced the amount of CO2 that is being absorbed by
vegetation, allowing more carbon dioxide to be retained in the
atmosphere. In addition, the burning or gradual decay of the timber
products releases CO2 to the atmosphere.
Cement: the manufacture of cement uses large quantities of
limestone, which contains a high percentage of calcium carbonate
(CaCO3). During the manufacturing process large quantities of carbon
dioxide are released from the limestone into the atmosphere.

What are the sinks of carbon dioxide?
A sink is a method by which a gas is removed from the atmosphere.
This section outlines the principal sinks for carbon dioxide, i.e. its
absorption by the oceans and terrestrial biota (for example forests).
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(See also the enlarged figure of carbon dioxide sinks at the back of
these notes, for photocopying to OHPs.)
The oceans contain about 95% of the carbon actively circulating
within the biosphere. Carbon dioxide is dissolved within the ocean and
it also reacts with the chemical constituents in the water. Scientists
believe that a large proportion of the carbon dioxide that has been
released into the atmosphere will eventually be held within the
oceans. However, the cycling of carbon within the ocean is a slow
process that can take between 100-1000 years, so the absorption of
CO2 by the oceans is not keeping pace with the amount of carbon
dioxide that is being emitted. There is also scientific concern that if the
predicted climate changes occur, this will affect the natural exchange
of carbon between the ocean and the atmosphere and
consequentially the uptake of carbon dioxide by the oceans. (An
increase in the temperature of the oceans because of global warming
would decrease the solubility of CO2.)

How much carbon dioxide is in the atmosphere?
The atmospheric concentration of carbon dioxide has been steadily
increasing since the 18th Century, most likely as a result of human
activity. Pupils may graph the rise in the amount of CO2 against time
using the data supplied in the pupils notes. (See also the enlarged
figures of carbon dioxide concentrations at the back of these notes, for
photocopying to OHPs.)
The pre-industrial concentration of carbon dioxide in the atmosphere
was 280 ppmv (parts per million by volume). By 1999 this had
increased to 367 ppmv, an increase of about 30% on the preindustrial value.
Since 1957, the amount of carbon dioxide in the atmosphere has
been monitored at Mauna Loa in Hawaii in the eastern Pacific Ocean.
The station has recorded an increase in the atmospheric
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concentration of carbon dioxide of 1.2 ppmv or 0.3% per year. This
rise can mainly be attributed to anthropogenic emissions of carbon
dioxide, since the concentration would not change so quickly under
normal circumstances.

How long does carbon dioxide remain in the atmosphere?
This section aims to highlight the fact that CO2 could remain in the
atmosphere for up to two centuries before it is removed by various
reactions, thereby increasing the importance of CO2 as a greenhouse
gas.
The time taken for atmospheric gases to adjust to changes in sources
or sinks is known as the atmospheric lifetime of a gas. The
atmospheric lifetime of carbon dioxide is in the order of 50-200 years.
As a consequence of this, CO2 emitted into the atmosphere today
could influence the atmospheric concentrations of carbon dioxide for
up to two centuries to come. The Inter-governmental Panel on Climate
Change (IPCC) has predicted that if anthropogenic emissions of
carbon dioxide continue at present day levels, the atmospheric
concentration of carbon dioxide could have increased to 415-480
ppmv by 2050, rising to 460-560 ppmv by 2100.

What can be done to reduce the amount of carbon dioxide in
the atmosphere?
Scientific concern over the contribution to global warming of
increasing CO2 concentrations has led to an international response.
Of particular concern is the growth in energy derived from fossil fuels.
This section introduces the international agreements signed to help
reduce carbon dioxide levels in future years.
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In 1992 the IPCC estimated that in order to stabilise carbon dioxide
emissions at present day levels a 60% reduction in global carbon
dioxide emissions would be required.
Since the problem of global warming was first highlighted there have
been attempts by international governments to reduce the emissions
of greenhouse gases and try and solve the potential problem of global
warming. The most important such attempt to limit our rapidly
increasing carbon dioxide emissions is The United Nations
Framework Convention on Climate Change (FCCC)
The Framework Convention on Climate Change was signed at the Rio
Earth Summit in 1992, by over 150 Governments. The Convention
requires all countries that ratify the Treaty to produce a national
programme, outlining measures that will limit the amount of
greenhouse gases produced and improve methods for protecting the
sinks for carbon dioxide such as the forests and vegetation. The
developed countries were committed to return their emissions of
greenhouse gases to 1990 levels by the year 2000. Developed
countries also provided financial and technological assistance to allow
the developing nations to produce their own programmes on emission
reductions.
In 1997, the Kyoto Protocol called for developed nations to reduce
emissions of greenhouse gases by 5% by 2012. This Protocol will
become legally binding when enough countries have ratified it.
The UK Climate Change Programme is the UK Government's action
plan for reducing greenhouse gas emissions. The UK Programme
goes further than the FCCC and Kyoto Protocol, by calling for a 20%
reduction in national carbon dioxide emissions by 2010 (from 1990
levels). This reduction is being achieved through a number of
measures, including increased energy awareness, VAT on fuel,
energy efficiency and alternative energy sources. Emissions of carbon
dioxide in the UK are currently predicted to fall by 15% by 2010 with
existing measures.
Climate Change & Ozone Depletion Teaching Pack: KS3/4

41

ACE Information Programme

aric

What can we do to reduce the amount of CO2 being produced?
Although the international agreement will encourage governments to
watch their CO2 emissions, it is important to heighten people's
awareness of what the individual can do to help reduce global CO2
concentrations. This section is included to provide a few examples of
how easy it is to reduce personal and family CO2 levels.
• Promote energy efficiency in the home by encouraging people to
use less electricity and gas.
• Lag your hot water tank and pipes.
• Insulate your house.
• Walk or use public transport instead of taking the car.
• Plant a tree.
• Reduce the temperature on your thermostat by 1oC.
• Wash full loads in the washing machine, and dry clothes outside
where possible.
• Only boil as much water in the kettle as you need.
• Do all the ironing in one go.
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Questions and sample solutions
1. Within the notes for pupils is a table of atmospheric concentrations
of carbon dioxide. This data can be used to produce a graph similar to
the figure shown below.
The pupils should now be able to answer the following questions:
2. What was the concentration in 1880? Answer: 293 ppmv
3. When was the concentration 345 ppmv? Answer: 1982

Trend in atmospheric
concentration of
carbon dioxide.

4. What are the best ways to
reduce CO2?
Sample solution: Energy efficiency, reduced use of fossil fuels, more
public transport
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Points for class discussion
Deforestation:
Think about the areas of the world that are being deforested.
How much land is being deforested?
Which areas are most severely affected by deforestation?
Fossil Fuels:
Where do fossil fuels come from?
Why do they release carbon dioxide when they are burnt?
Are they 'renewable'?
Reducing CO2 emissions:
What other sources of energy are there apart from fossil fuels?
How can energy be used more efficiently?
What is 'sustainable' forestry, and why is it important?
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OHP1: Sources and sinks of carbon dioxide

Sources

Sinks
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OHP2: Atmospheric concentration of carbon dioxide
Since 1958 (Hawaii)

Since 1750 (global)
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Experiment

Introduction
Carbon dioxide is an important gas in our atmosphere and is one of
the main greenhouse gases. Carbon dioxide is naturally given out by
people and animals when they breathe, and is also given out when
coal, oil and gas are burnt. It is possible to make and test for CO2 and
this is what we are going to do in this experiment.
Aims
• To make and collect carbon dioxide (CO2).
• To test for CO2
Equipment
•
•
•
•
•
•
•
•
•

Balloon Funnel
Baking Powder
Soft Drink Bottle
Vinegar
Straw
Test tube
Limewater (a solution of calcium hydroxide)
Teaspoon
Measuring Cylinder

Method
Making and Collecting Carbon Dioxide
Blow the balloon up and let it down two or
three times.
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Place the mouth of the balloon over the end of the
funnel and place about 3 teaspoons of baking
powder into the funnel.
Measure out 2cm3 of vinegar in the measuring
cylinder; pour this into the drinks bottle.
Carefully attach the balloon to the top of the bottle,
trying not to spill the baking powder.
Tip the balloon up so that the baking powder falls
into the vinegar.
THIS CAUSES A CHEMICAL REACTION BETWEEN THE VINEGAR
AND THE BAKING POWDER, WHERE CO2 IS GIVEN OFF. YOU
WILL NOW TRAP THE CO2 GAS.
Hold the balloon and the top of the bottle tightly to trap the gas, allow
the balloon to fill up with CO2.

Testing for Carbon Dioxide
Pour some fresh limewater into a test tube.
Carefully place a straw in the mouth of the
balloon, and place the other end in the
limewater. Slowly allow the gas to bubble
through the limewater.
THE CARBON DIOXIDE REACTS WITH THE LIMEWATER, AND
CHANGES ITS COLOUR. IF THE LIMEWATER IS NOW MILKY, CO2
WAS THE GAS IN THE BALLOON.
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Conclusion
There are many ways in which carbon dioxide is created, both natural
and man-made. Carbon dioxide is already present in the atmosphere,
but over the past few centuries the amount that is there has been
increasing. If the amount of carbon dioxide in the atmosphere
continues to increase, the Earth will start to warm up too quickly, with
possibly damaging consequences for Earth’s ecosystems.

Further Investigations
Can you think of ways that CO2 is being taken out of the atmosphere
naturally?
Can you make a list of ways in which the amount of carbon dioxide
being released into the atmosphere (by man) can be reduced?
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Pupils’ Information Sheet

What is ozone?
Ozone is a form of oxygen. Oxygen exists in three different
forms in the atmosphere. Ozone is also an effective greenhouse
gas (see Lesson One).
Oxygen atoms (O) are the simplest form of oxygen. The atoms
exist as separate units; much of the oxygen in the highest part of
the atmosphere exists in this form.
Oxygen molecules (O2) are the most common form in which
oxygen exists in the troposphere (lower atmosphere), and is the
form of oxygen we breathe.
Ozone molecules (O3) are three atoms of oxygen bound together.
Ozone is poisonous to breathe.

Why is ozone important?
Without ozone, there would be no life on Earth. Ozone protects
us by forming a shield against harmful radiation from the Sun,
known as ultraviolet (UV) radiation. Ultraviolet forms a part of
the electromagnetic spectrum between violet and X-rays; it is
just outside the range of visible light, with a frequency higher
than violet (Figure 1). There are three categories of ultraviolet
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radiation: UV-A, UV-B and UV-C. Although we cannot see UV
radiation, it does have an effect on our bodies.
Figure 1: The electromagnetic spectrum

UV-A is the least damaging form of UV radiation and reaches the
Earth in the greatest quantities. This is the UV light responsible
for the tanning and ageing processes of the skin.
UV-B is potentially harmful, but most of it is absorbed by the
ozone in the stratosphere. Prolonged exposure to UV-B light can
cause sunburn, and there are worries that damage to the ozone
layer may lead to an increase in the incidence of skin cancer.
UV-C is the most damaging form of UV radiation. Fortunately
most UV-C is absorbed by the ozone and oxygen in the
stratosphere.
Without the ozone layer the harmful UV rays would reach the
Earth's surface and cause serious damage to living things. There
would be a dramatic increase in the cases of skin cancer and eye
cataracts. UV radiation can also make it harder for our bodies to
fight off some diseases.
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An increase in UV radiation would also affect parts of the food
chain. UV is very damaging to plankton in the oceans. Plankton are
an important source of food for many of the creatures that live in
the sea such as fish and whales. An increase in the amount of UV
radiation reaching the Earth's surface is estimated to diminish
plankton supplies. If fish do not have enough plankton to eat they
may die, and other species may become endangered. This would, in
turn, affect the whole food chain.

Ground level ozone
Ozone can be found in both the troposphere and the
stratosphere. Ozone formed in the troposphere is known as
ground-level ozone. It is an ingredient in smog and is also a
damaging pollutant. It is unusual that a substance which is totally
undesirable as a constituent of the air we breathe should be so
important high up in the atmosphere (in the stratosphere).
Ground level ozone is formed by the action of sunlight on carbon
based chemicals known as volatile organic compounds (VOCs) in
combination with a group of pollutants called nitrogen oxides
(NOx).
Sunlight + VOCs + NOx → ground level ozone + smog
Ground level ozone is a pollutant that can cause health problems
(such as breathing difficulties). Ground level ozone can also
damage materials such as rubber or plastic and vegetation. Ground
level ozone is an important component of photochemical smog,
which is a problem mainly associated with large industrial cities,
for example Los Angeles and Athens.
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The concentration of ground level ozone has increased rapidly
over the past few decades, due to an increase in the number of
cars and other vehicles on the road.
VOCs is a term given to solvents, gases and liquid fuels which
contain carbon, among other chemicals, and evaporate easily at
normal temperatures. They are emitted by vehicles, petrol
stations and dry cleaning processes.
Nitrogen oxides are a by-product of combustion from power
stations and vehicle exhausts. They are also produced from
natural sources such as volcanic eruptions and lightning.

Stratospheric ozone
90% of ozone is contained within the stratosphere; it is more
commonly known as the ozone layer. Stratospheric ozone plays an
important part in filtering out most of the ultraviolet radiation
that reaches the Earth. Ozone in the stratosphere is not a
pollutant, and does not contribute to the greenhouse effect.
Ozone has very different effects, depending on where in the
atmosphere it is. The formation of stratospheric ozone is shown in
Figure 2.
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Figure 2: The formation of stratospheric ozone

What is ozone depletion?
Ozone depletion occurs when the natural balance between the
processes of stratospheric ozone production and destruction is
disturbed, resulting in more ozone being destroyed than is being
produced.
The main cause of ozone depletion is thought to be a group of
compounds containing chlorine and bromine. These 'ozone
depleters' act by removing one oxygen atom from the ozone
molecule, so converting it into an oxygen molecule. Each atom of
chlorine or bromine can destroy many thousands of ozone
molecules in this way.
Compounds which contain chlorine do not occur naturally in the
upper atmosphere. However over the past 100 years the amount
of man-made compounds containing chlorine and bromine has
increased, and this has led to a decrease in natural ozone levels.
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What is depleting the ozone layer?
There are a number of compounds that have led to an increase in
the amount of chlorine and bromine in the atmosphere:
Chlorofluorocarbons (CFCs) do not exist naturally, but are manmade compounds containing chlorine, fluorine

and

carbon.

Production of CFCs began in the 1930s when they were first used
in fridges. After the Second World War however, the amount of
CFCs being produced increased as they were also used in aerosols,
air conditioning units and for various other purposes. When CFCs
were first developed they were thought of as safe, inert gases
with numerous uses and believed to cause minimal environmental
damage.
CFCs, when released from the surface of the Earth, rise slowly
into the stratosphere. Once there, they are bombarded by the
incoming UV light from the Sun, releasing the chlorine atoms from
the parent compound, which can then react with the ozone
molecules (Figure 3). Eventually the chlorine atom is removed
from the atmosphere by other reactions.
Figure 3: The destruction of stratospheric ozone
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Hydrochlorofluorocarbons (HCFCs) These chemicals are made up
of hydrogen, chlorine, fluorine and carbon. They were developed
as an alternative to CFCs and are now used in place of them in
many products. HCFCs do deplete the ozone layer but they have a
shorter atmospheric lifetime than CFCs so they don't cause as
much damage. However, HCFCs are powerful greenhouse gases.
Hydrofluorocarbons (HFCs) are another replacement for CFCs.
They are made up of hydrogen, fluorine and carbon. HFCs are
thought to do very little damage to the ozone layer, but they are
powerful greenhouse gases.
Methyl Bromide is used primarily by farmers as a pesticide. It
has only recently been recognised as an ozone depleter. Bromine, a
constituent of methyl bromide, is 75 times as powerful as chlorine
at destroying ozone. This means that methyl bromide, molecule
for molecule, destroys more ozone than CFCs.
Halons are used in fire extinguishers. They are similar to CFCs
but instead of chlorine they contain bromine and they are
powerful ozone depleters.

What is the ozone 'hole'?
The ozone layer is being depleted faster in some areas of the
world than others. Near the equator, ozone levels have hardly
changed. Over the South Pole the concentration of stratospheric
ozone drops by 60% every spring, compared to measurements
made in the 1970s. This happens due to the special meteorological
conditions over Antarctica. The ‘hole’ is therefore a thinning of
the ozone layer, rather than its complete destruction (Figure 4).
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Very few people live in Antarctica, but the hole is of particular
concern to people living nearby, in places like South America or
New Zealand.
Figure 4: The Antarctic Ozone Hole
(DU = Dobson Units)

What is being done to stop ozone depletion?
The Montreal Protocol is an international agreement that was
designed to control the amount of CFCs and other ozone-depleting
chemicals being produced, and eventually stop production of such
chemicals altogether. It was first drawn up in 1987; since then
over 120 countries have signed it. The Protocol agreed that CFCs
should be phased out by the year 1995, and that production of
HCFCs and methyl bromide should be reduced and eventually
eliminated (by 2029). Emissions of CFCs and other ozonedepleting chemicals have now fallen dramatically as a result, but
because of the long atmospheric lifetime of CFC molecules in the
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atmosphere, ozone depletion will continue to be a problem for
many years.

What you can do to help protect the ozone layer?
There are also many steps you can take to protect the ozone
layer:
•= Buy CFC-free products. (Due partly to consumer pressure most
products containing CFCs have now been withdrawn. In the UK,
aerosols have been CFC-free since 1989.)
•= If your parents buy a new fridge, get someone to pick up the
old one so that they can recycle the CFCs.
•= Ask your local fast food restaurant to stop using foam
packaging, although most packaging is CFC free, some still uses
HCFCs.
•= Write to your local council and ask them if they recycle the
CFCs from fridges.

What can you do to protect yourself?
•= Increased levels of UV-B reaching the Earth through a
depleted ozone layer will put people more at risk from
developing skin cancer and eye cataracts. There are many
things you can do to protect yourself, a few of these are listed
below:
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•= Don't stay out in the Sun for too long, especially between the
hours of 11am and 3pm when the Sun is at its strongest. Many
weather forecasts now issue warnings on the days you will be
most at risk.
•= Protect yourself when you do go out in the Sun; wear a wide
brimmed hat, long sleeved T-shirts, and trousers.
•= Check your sunglasses block out UV light.
•= Put on some high-protection-factor sun cream and make sure
you reapply it regularly.
•= After you swim be sure to reapply your sun cream, even though
it may say it’s waterproof on the label.
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Questions/further work
1. Describe how the world might look without the ozone layer to
protect it from the damaging rays of the Sun.
2. Sun creams have different Sun-Protection-Factors (SPF). What
do the numbers on the various bottles mean (e.g. SPF4, SPF12,
SPF25)?
3. Find out if your local council or electrical shops know of any
schemes for recycling CFCs.
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Teachers’ Information Sheet

Introduction
Ozone can be found throughout the troposphere and stratosphere,
and is an important species in maintaining life on Earth. Ozone is also
an effective greenhouse gas. However, ozone has become a
household term mainly through the issues of ozone depletion and the
ozone hole that has appeared over the Antarctic within the last 25
years.
This lesson aims to introduce the pupils to the topic of ozone depletion
and the problems associated with it. As with the previous lessons the
format adopted is as a series of questions relating to ozone. The
questions asked are:
•
•
•
•
•
•
•
•

What is ozone?
Why is ozone important?
What is ground level ozone?
What is stratospheric ozone?
What is ozone depletion?
What is depleting the ozone layer?
What is being done to stop ozone depletion?
How can you protect yourself against UV radiation?

What is ozone?
This section introduces the students to the concept that ozone is a
form of oxygen.
Ozone is a pungent, bluish gas. One molecule of ozone comprises
three oxygen atoms. There are three different species of oxygen:
atomic oxygen (O), molecular oxygen (O2) and ozone (O3). Of these,
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molecular oxygen is the most abundant in the atmosphere. Ozone can
be formed from, and broken down to, molecular oxygen.

Why is ozone important?
Ozone has two roles in the atmosphere; in the troposphere it is a
pollutant and a greenhouse gas, whilst in the stratosphere it is a vital
element that allows life on Earth to exist. This section focuses on the
unique properties ozone possesses for filtering UV radiation.
In order to understand the importance of ozone in the stratosphere, it
is necessary to briefly discuss ultra-violet (UV) radiation, which is
one form of radiant energy emitted by the Sun. The Sun emits a range
of radiation across the electromagnetic spectrum; ultraviolet is the
range between violet light and X-rays. UV radiation is subdivided into
3 categories: UV-A, UV-B and UV-C.
The term ultraviolet light is sometimes used instead of ultraviolet
radiation, though it is somewhat misleading as UV is not visible to the
human eye. UV radiation affects the Earth's flora and fauna, including
the human body. In general terms, the shorter the wavelength of the
radiation, the higher its energy, and the more biologically damaging
the UV light can be if it reaches the Earth's surface. Ozone is
important because it is the only atmospheric species that can absorb
UV radiation, preventing it from reaching the Earth's surface.
UV-A radiation is the least damaging form of UV and reaches the
Earth in the greatest quantities; it is the form of UV light that is
responsible for tanning and the ageing process of the skin.
UV-B is potentially very harmful, as it can result in melanoma and eye
cataracts. Most of the Sun's UV-B light is absorbed by the ozone
layer. The depletion of the ozone layer will allow more of the UV-B
light to reach the surface of the Earth, resulting in more cases of skin
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cancer and other diseases, damage to cell tissue, and other
environmental problems.
UV-C is the most damaging form of UV light. Fortunately it is almost
entirely absorbed by the oxygen and ozone in the stratosphere before
reaching the surface of the Earth.

What is ground level ozone?
This section focuses on tropospheric ozone and discusses its role as
a pollutant and irritant.
As stated earlier, ozone can be found in both the troposphere and
the stratosphere. Ground level ozone is formed within the
troposphere, and accounts for about 10% of the total amount of ozone
in the atmosphere. Ground level ozone is produced through a reaction
between sunlight, volatile organic compounds (VOCs) and oxides of
nitrogen (NOx).
Ground level ozone, unlike stratospheric ozone, is a pollutant. At
ground level, ozone is toxic to living things and can cause eye, nose
and respiratory problems in both humans and animals. Ground level
ozone can also damage vegetation such as crops or forests, and
damage materials like rubber and plastic.
Ground level ozone is also a principle component of photochemical
smog. Smog is a mixture of ozone, hydrocarbons, NOx and carbon
monoxide (CO). These chemicals mix to form a yellow/brown cloud of
smog, which lingers over cities and causes eye and nose irritations.
Smog is the major air pollution problem of large industrial cities (such
as Los Angeles and Athens). As the formation of smog extends over
large distances, high levels of ground level ozone pollution result in
both rural and urban areas.
Sunlight + VOCs + NOx → ozone + smog
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Volatile organic compounds (VOCs)
VOCs cover a large range of substances and include hydrocarbons,
halocarbons and oxygenates. They all contain carbon, and they are
volatile (i.e. they exist primarily as a vapour within the atmosphere).
VOCs are an important group of compounds, as they form the basis of
several chemical reactions that occur within the atmosphere. There
are several types of VOCs within the atmosphere:
Hydrocarbons (alkanes, alkenes and aromatics)
Hydrocarbons are mainly released to the atmosphere by the
evaporation of petrol, and through incomplete combustion.
Halocarbons (e.g. trichloroethylene)
Halocarbons are formed through the evaporation of solvents from
paint and through industrial degreasing processes.
Oxygenates (alcohols, aldehydes and ketones)
Oxygenates are formed in atmospheric chemical reactions and in
vehicle exhausts.
There are also several natural sources of VOCs of which the most
important compound is isoprene; this is primarily emitted from
conifers, but also by gorse and bracken. Emissions from vehicles are
the primary source of urban VOCs.
Oxides of Nitrogen (NOx)
NOx is a collective term used to refer to two species of oxides of
nitrogen, nitric oxide (NO) and nitrogen dioxide (NO2). They are
formed at high temperatures during combustion processes involving
the oxidation of nitrogen in the air and any nitrogenous components of
the fuel or material being burned.
The most important sources of NOx gases are the combustion of
fossil fuels for power generation and vehicle exhausts. The production
of nitrogen oxides from natural sources is higher than man-made
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emissions. Natural sources of NOx include bacteria, volcanic
eruptions and lightning.

What is stratospheric ozone?
This section deals with the issue of stratospheric ozone in greater
detail. Sub-sections deal with the various issues involved with
stratospheric ozone. (See also the enlarged figures of ozone
formation and destruction at the back of these notes, for photocopying
to OHPs.)
The greatest concentration of ozone is to be found in the
stratosphere, about 15-35km above the surface of the Earth. The
terms 'stratospheric ozone' and 'ozone layer' are synonymous.
Approximately 90% of ozone is produced in the stratosphere.
Although the ozone layer extends from 15 to 35 km, if the layer were
compressed at normal pressures it would occupy only 4mm in height.
The natural ozone levels in the atmosphere allow most of the harmful
UV radiation (discussed previously) to be absorbed before it reaches
the Earth's surface.
As stated earlier, the ozone layer protects us from these UV rays.
Without the ozone layer the UV radiation that would reach the surface
of the Earth would be so intense that exposed skin would be burnt
within a few seconds.

What is stratospheric ozone depletion?
Ozone is formed in the stratosphere by the action of sunlight on
oxygen. This process involves the photo-dissociation of oxygen:
O2 + hυ → O + O

(hυ = high-energy photon)

O + O2 → O3
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Photo-dissociation also acts to destroy ozone by converting it back to
ordinary oxygen:
O3 + hυ → O2 + O
As a result, the amount of ozone in the stratosphere should be in
equilibrium: ozone is formed and destroyed at the same rate. In the
past few decades ozone has been destroyed faster than it can be
made, due to the presence of elements such as chlorine, bromine and
fluorine. The following reactions describe how chlorine acts as a
catalyst for the destruction of ozone:
Cl + O3 → ClO + O2
O2 + hυ → O + O
ClO + O → Cl + O2
The actual reaction mechanisms are much more complex, but the
crucial point is that the chlorine atom is 'recycled' and can repeat the
process many thousand of times until it is removed from the
atmosphere by one of its sinks. Bromine and fluorine act in a similar
way.

What is depleting the ozone layer?
The compounds that are known to deplete ozone (chlorine, fluorine
and bromine) have extremely low natural concentrations in the
stratosphere. However, in the 40 years after the Second World War
the release of compounds containing these elements to the
atmosphere increased rapidly; some of these compounds stay intact
until they reach the stratosphere. The compounds responsible for the
presence of ozone depleters in the stratosphere are listed overleaf.

Climate Change & Ozone Depletion Teaching Pack: KS3/4

66

ACE Information Programme

aric

Chlorofluorocarbons (CFCs)
CFCs are anthropogenic compounds containing chlorine, fluorine and
carbon. They were first produced in the 1930s when they were
developed as refrigerants, and until the Second World War the uses
of CFCs were limited. However, after the War and up until 1987 they
were widely used as blowing agents in foam rubber, propellants in
aerosols, in air conditioning systems and in various other applications
(although much less so today). One reason CFCs were so widely
used by industry was because they are stable compounds, and it was
originally considered that they caused no environmental damage.
CFCs, when they are released, are not broken down in the lower
atmosphere because of their inert nature, so through time they rise up
into the stratosphere. Once they reach the stratosphere they are hit by
the incoming UV radiation, releasing a chlorine atom from the
compound.
HCFCs
HCFCs were developed as a replacement for the CFCs, which have
been phased out under the terms of the Montreal Protocol (see
following section). HCFCs are made up of hydrogen as well as
chlorine, fluorine and carbon. As a result of the presence of hydrogen
within these compounds they are less stable than CFCs and therefore
break down in the troposphere. Their shorter atmospheric lifetimes
means they are not as damaging as CFCs but they still have an
ozone depleting potential (ODP) because of the chlorine they
contain.
HFCs
HFCs are an alternative replacement for CFCs; they contain
hydrogen, fluorine and carbon, but do not contain chlorine. As a result
they have a very low ozone depleting potential (ODP). HFCs are
however very powerful greenhouse gases.
Methyl Bromide
Methyl bromide is a colourless, odourless gas that is widely used
within the agricultural industry as a pesticide. Its ozone depleting
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potential has only recently been recognised. It is estimated that methyl
bromide could be responsible for between 5-10% of global ozone
depletion. Bromine, as a chemical, has a larger ozone depleting
potential than chlorine, but it also has a much shorter atmospheric
lifetime than CFCs (≈2 years).
Halons
Halons are predominantly used in fire extinguishers as they are fire
suppressants. Most of the world's halon supply has therefore yet to be
released into the atmosphere. Halons contain bromine and as a result
have high ozone depleting potentials.

What is the ozone 'hole'?
The depletion of the ozone layer is not homogeneous across the
globe. There has been negligible depletion in the tropics and largescale periodic depletion over Antarctica. Ozone loss is accelerated
over Antarctica because of the local meteorological conditions. At the
very low stratospheric temperatures during the winter, polar
stratospheric clouds form, providing a catalytic surface for the reaction
between chlorine and ozone. The photochemical destruction of ozone
begins in spring with the return of sunlight. A circumpolar vortex of
wind isolates the ozone depletion over the Antarctic, leading to the
formation of the ozone hole. In summer, the circumpolar vortex breaks
up and higher levels of ozone from lower latitudes mix with the
depleted region above Antarctic, repairing the ozone hole.
This does not lead to a complete absence of ozone, but rather a large
reduction in its concentration over a wide area. This is the ozone
'hole'. In recent years the ozone hole has covered an areas of about
23 million square miles (about the size of the USA), with ozone
concentrations falling by 60% (against 1970s levels).
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What is being done to stop ozone depletion?
The Montreal Protocol on Substances that Deplete the Ozone Layer,
was agreed in 1987 and came into force in 1989. The Protocol has
been ratified by over 120 countries. The Protocol contains measures
that will phase out the substances that are considered to be ozone
depleters. The original Protocol agreed to phase out CFCs by the year
1999, but scientific research highlighted the need for quicker action.
So in 1992 an agreement was reached to bring forward the phasing
out of CFCs to 1995, and to phase out halons by 1994. Measures
were also agreed upon for the control of methyl bromide and HCFCs
for the first time. These are to be phased out by 2029. Emissions of
CFCs and other ozone-depleting chemicals have now fallen
dramatically as a consequence of the Montreal Protocol, but because
of the long atmospheric lifetime of CFC molecules in the atmosphere,
ozone depletion will continue to be a problem for many years.
Consumer pressure has reduced the number of products that contain
CFCs. There are a number of steps that can be taken by individual
consumers that can help to reduce the amount of CFCs and HCFCs
that are emitted into the atmosphere, so preventing further damage to
the ozone layer:
•= Use products that contain HFCs rather than HCFCs or CFCs. In
the UK, aerosols have been CFC-free since 1989.
•= Buy fridges that use butane or propane as refrigerants.
•= Ensure that the CFCs in old fridges are disposed of correctly.
•= Avoid buying goods with foam-blown packaging.

How can you protect yourself from UV radiation?
The increase in levels of UV-B radiation reaching the Earth as a result
of a depleted ozone layer will mean a higher risk of skin cancer for
human populations. Rises in the number of cases of melanoma (skin
cancer) have already occurred in countries such as Australia. There
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are a number of steps individuals can take to reduce the risk of skin
cancer to themselves, and it is important to make people aware of the
dangers.
•= Don't stay out in the Sun for too long, especially between the hours
of 11 am and 3pm when the Sun is at its most intense.
•= Protect yourself from the Sun, wear a wide-brimmed hat, a longsleeved T-shirt and trousers.
•= Wear a pair of sunglasses, but ensure they block out UV-B light.
•= Never stay out in the Sun without sun cream; use high-protectionfactor sunscreen and reapply it regularly.

Questions and sample solutions
1. Describe how the world might look without the ozone layer to
protect it from the damaging rays of the sun.
Sample solution: Without the ozone layer, the damaging UV radiation
would reach ground level unimpeded. This would result in very little
vegetation existing above ground level. Humans and animals would
develop tumours, cancers and cataracts and would not be able to
exist out of doors for any length of time without the risk of sunburn and
future cancers. The only forms of life to be relatively unaffected by the
increase in UV are deep-sea creatures, as the UV cannot penetrate
that deeply into the sea.
2. Sun creams have Sun-Protection-Factors (SPF). What do the
numbers on the bottles mean?
Solution: The SPF number on a bottle of sun cream indicates how
long a person may stay in the Sun without burning with that particular
cream applied to the skin. For example, if a person could stay in the
Sun, without any suntan cream on, for 1 hour without burning, the use
of a cream with SPF2 would enable them to stay in the Sun for 2
hours. Similarly, if they used a cream with a SPF of 6, then they would
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be able to stay in the Sun for 6 hours (although this is not really
advisable).
3. Find out if your local council or electrical shop knows of any
schemes for recycling CFCs.
Some local authorities and large retail electrical stores have schemes
to recycle CFCs from fridges.

Glossary
Electro-magnetic spectrum: the full range of electro-magnetic
radiation, of which visible light, UV, radio waves etc. are only part.
Ozone Depleting Potential: a measure of the capability of a
chemical to destroy ozone. It is measured against CFC-11, which is
considered as the standard and has an ozone depleting potential of
1.0.
Photo-dissociation: a chemical reaction that takes place when
certain wavelengths of light are administered to the reaction mixture.
Photon: an indivisible quantity of electromagnetic radiation. Its energy
content is the product of its frequency (υ) and Planck's constant (h).
Stratosphere: the layer of the atmosphere between the troposphere
and the mesosphere, i.e. between 10-15km and 50km above the
Earth's surface.
Troposphere: the lowest layer of the atmosphere. It extends from
ground level to an altitude of 10-15km.
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OHP1: The formation and destruction of
stratospheric ozone

Formation

Destruction
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Pupils’ Information Sheet

Introduction
In lessons one and two, the greenhouse effect and the role of
greenhouse gases were explained. The greenhouse effect was
found to occur because of certain absorbing gases in the Earth's
atmosphere known as the greenhouse gases, the most important
of which are water vapour and carbon dioxide.
The enhanced greenhouse effect will change climates around the
world, but so far the effects of these changes have not been
described. Perhaps in the UK we will have longer, hotter summers,
but is this such a good thing? What other effects will there be,
and how will this affect us and people living around the world?
To answer these questions, some areas where climate change is
likely to have an effect will be explored in more detail. You should
remember that nobody can accurately predict how climates are
going to change, or how dramatic the effects of these changes
might be.

How will temperatures change around the world?
The average temperature of the Earth is about 15oC. Over the
past 100 years this has increased by about 0.6oC (Figure 1), and
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may continue to rise for a long time to come (Figure 2). It has
been predicted that average temperatures will carry on rising by
about 0.3oC per decade, but some areas will warm up much faster
than others, whilst some may even cool down. Scientists also fear
that natural disasters like floods will be more extreme, and occur
more frequently.
Figure 1: Global Warming in the last 150 years

This is why we should be worried about climate change: while some
countries might not notice any change, others will be very badly
affected. The UK will probably warm up at about the global
average rate.

What will happen to the oceans?
As the atmosphere warms up, so will the oceans. Water which is
heated expands slightly (in the same way as mercury expands in a
thermometer), hence if we increase the temperature of seawater
the sea level will rise.
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The melting of ice in a warmer climate is another reason why sea
levels might rise. Whether this happens depends on where the ice
originates from. If ice comes from the land (as glaciers or icesheets in Antarctica) then it will help increase sea level, but if
ice-masses floating in the Arctic
Sea melt, sea level will not rise.
This

is

illustrated

by

the

Icebergs breaking off
Antarctic or Greenland will
melt and cause sea-level rise

experiment included in this lesson.
Most scientists expect the sea to
rise by as much as 90 cm by 2100.
Some land might flood to become
shallow sea or marsh, floods may
occur more often, towns might need to build walls to stop the sea
reaching sea-fronted buildings. Ecosystems on the coast such as
sand dunes or mudflats might be changed or destroyed, harming
wildlife.
There are currents in the ocean which might change if the water
warms up. This is important because some of these currents can
affect climate. In the winter, an ocean current called the Gulf
Stream helps to keep the British weather relatively warm
compared to the same latitude on the east coast of America.
Some species of fish, such as cod or salmon, migrate from one
part of the ocean to another. If the ocean currents change the
life cycle of these species could be disrupted, and important
industries like fishing would be affected.
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Will there be more or less freshwater?
If temperatures increase across the world, water would evaporate
more quickly from lakes and rivers, and from the soil. Plants would
lose more water to the atmosphere by transpiration. This may
result in less freshwater left for use by humans and animals. On
the other hand, more water in the atmosphere from evaporation
might mean that there was more rainfall, but nobody is sure. Most
scientists think that there would be less water available,
especially where it is already quite dry.
People can't drink seawater because of the salt it contains. If the
sea rises, the salt might infiltrate our freshwater supplies. This
would be a problem because much of the water we drink in Britain
(especially in the southeast of England) is taken from under the
ground. In this country we use a lot of water, and we could manage
by using much less. In some other countries, people hardly have
any water to drink, or wash in, or to water their crops.

Will we be able to grow enough food?
Lesson two looked at carbon dioxide, and explained that its
concentration in the atmosphere will continue to increase through
the next century unless we do something to stop the upward
trend.
Through a process called photosynthesis, plants use carbon
dioxide, light, and water to grow. If there is more carbon dioxide
in the air, plants might be able to grow more quickly (provided
they have enough water and light). This is true for some plants
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such as wheat and rice, but others like maize and sugarcane will
not grow any faster.
There is a possibility that, if carbon dioxide concentrations
increase, farmers will start growing the faster-growing crops. In
practice however, warmer weather could mean that crop growth
might be limited by more pests, insufficient water in the soil, or
more evaporation from irrigation channels.
One important question is whether climate change will mean there
is more or less food grown in the world. A lot of the world's food
is grown in a fairly small area and predicting climate for these
areas is very difficult. Hence nobody is sure if the amount of food
in the world will change or not.
In rich countries, like the UK, we have enough money to spend on
things like irrigation and drainage to make sure that our food
supplies don't dwindle. A lot of countries will suffer food
shortages if there are more droughts.
At the moment, some countries are too cold to grow certain crops,
and so an increase in temperature may allow a more varied range
of foodstuffs to be grown. For example, a crop such as maize
cannot be grown in the UK at the present time, but if average
temperatures increase by just 0.5oC, it could be cultivated across
much of southern England. Russia is another place that might be
able to grow more crops if its climate was warmer.
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Are any species at risk from global warming?
If the world warmed up then some
species

would

find

themselves

in

climates which were too warm or too
dry for their particular habitat. A
species would have to either adapt to
the changes, or move to cooler areas
further away from the equator, or
higher above sea level. If it did not, or
were physically unable to move the
distances required, the species might disappear from that region,
or even become extinct. For example, pandas only live in the wild
in a very small area of China. If the climate changed, and the
bamboo plant (the panda's main source of food) was unable to
grow in that particular region any more, the pandas would lose
their most important dietary source and would either have to
move to a new area where bamboo could grow or become extinct.
Whether or not this happened would depend on how fast the
climate changed, and how quickly the species population moved or
adapted to its new surroundings.

How will some people be affected?
Just as plants and animals may have to move because of climate
change, so might humans. People living in hot, dry countries would
be forced into moving if there was even less water for them to
use; people living on low-lying flood plains near the sea might have
their homes and fields flooded too often to stay in that area. This
would be most likely to happen in countries too large or poor to
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protect themselves against climate change. Wherever these
people would move to they would need food, water and eventually
land to farm and build on. This might be difficult, especially if
there were already many people populating the area.

Questions/further work
1. Can you think of any parts of the UK that could be affected by
sea-level rise?
2. How do you think people in very dry areas could manage with
even less water?
3. Can you think of any species that might be affected by global
warming?
4. What might life be like in the UK if the climate was much
hotter?
5. Assume the average July temperature in the UK is 15oC. Given
the estimated rate of increase in temperature, what will the July
temperatures be in a) 2010, b) 2050, c) 2100?

Climate Change & Ozone Depletion Teaching Pack: KS3/4

79

ACE Information Programme

aric

Teachers’ Information Sheet

Introduction
The driving force behind man-made global climate change is an
enhancement in the natural greenhouse effect due to an increase in
the atmospheric concentration of greenhouse gases. As a direct
consequence of this we will see an increase in global temperatures,
but there will probably be many other indirect effects as a result of
such a relatively rapid rise in temperature.
The theory of, and gases involved with, global warming have already
been discussed in lessons one and two. The causes and effects of
ozone depletion are covered in lesson three. The scope of this lesson
is therefore restricted to the possible effects of climate change.
The lesson begins by discussing climate modelling, the cornerstone of
atmospheric science. The discussion is not included in the pupils'
notes and so it is up to the discretion of the teacher whether or not it is
mentioned. The lesson then goes on to consider a number of different
subject areas which may be affected by a change in world climate.
The consequences of climate change are discussed with particular
reference to the following topics.
•=
•=
•=
•=
•=
•=

How will temperatures change around the world?
What will happen to the oceans?
Will there be more or less freshwater?
Will we be able to grow enough food?
Are any species at risk from global warming?
How will some people be affected?

Also included is an experiment illustrating the effect of the melting of
ice on sea level.

Climate Change & Ozone Depletion Teaching Pack: KS3/4

80

ACE Information Programme

aric

Climate Modelling
In order to assess the extent and impacts of climate change, complex
computer simulations or 'models' are constructed. These models
attempt to describe the interactions between the atmosphere, oceans
and land. In such models the Earth is described as many
homogeneous 'cells'. These cells represent the highest level of detail
of the model, in much the same way as one pixel is the highest level
of detail on a computer screen.
Even the best climate models have a very coarse resolution, with cells
hundreds of kilometres square. Consequently, on a regional scale
these models become very crude approximations to real climate
systems. Modellers of climate therefore have decreasing confidence
in their projections of climate change as the scale of the projection
diminishes; this is analogous to the clarity of a photograph decreasing
if it is enlarged. Assessments of the local effects of climate change are
therefore highly speculative, and will remain so until the resolution of
the models, and the understanding of the processes involved,
improves dramatically.

How will temperatures change around the world?
The work of the Inter-governmental Panel on Climate Change (IPCC)
represents the scientific consensus on issues of climate change. They
estimate that average global temperatures will rise by 1.4 to 5.8oC
over the next century (with a best estimate of 3oC) due to an increase
in the concentration of the greenhouse gases in the atmosphere. So
far there has been an estimated 0.6oC rise in global temperatures
over the last 100 years. (See also the enlarged figure of the global
temperature chart at the back of these notes, for photocopying to
OHPs.)
One of the most serious threats posed by global warming is that these
increases in temperature will not be uniformly distributed across the
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world. Consequently some regions will undergo warming much
greater than the quoted average, while other parts of the world may
even cool. In addition, extreme weather conditions, such as
hurricanes and floods, may show increases both in frequency and
magnitude. This may have knock-on effects such as the increasing
unwillingness of underwriters to insure against such 'natural' disasters
and an increase in the number of environmental refugees.

What will happen to the oceans?
The best current projections by the IPCC anticipate a 9 to 88cm rise in
sea level by 2100. This rise will be mainly from two sources: the
thermal expansion of water, and the melting of ice-sheets and
glaciers. It should be emphasised that the melting of sea ice will not
have any effect on sea levels since the volume of water produced
from the melting of an iceberg is equal to the volume of water it
displaces (see experiment).
Coastal regions are obviously the most vulnerable to changing sea
levels. Some very low-lying land may be at risk of permanent
submergence, and elsewhere coastlines may be subjected to
increased rates of erosion. As the sea rises there will be an increased
frequency of flooding, unless costly additional sea-defences are
constructed. These floods would cause disruption to populations,
damage to infrastructure, and threaten coastal ecosystems. In the UK,
two notable examples which would suffer badly from sea-level rise are
the coast of East Anglia and the Thames Estuary.
It is also thought that the warming of the oceans may change ocean
currents. This could have important consequences for regional
climates. The Gulf Stream is responsible for moderating climate in
coastal northwest Europe; its disruption would have serious
implications for the UK. Fisheries and ocean productivity for important
species such as cod could be affected as a result of changing
migratory patterns. This could have implications for food stocks.
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Will there be more or less freshwater?
Many areas in the world rely on groundwater for much of their water
supply. An increase in sea level may lead to increased salination of
groundwater, contaminating water supplies. An rise in global
temperatures would increase the rates of evaporation and
transpiration, but may also increase precipitation. On the whole,
however, it is thought that warming would reduce the availability of
water resources.
Water scarcity will be exacerbated in areas where it is already a
problem, such as semi-arid regions or where water supplies are
contaminated. Drought risk is thought to be one of the most serious
threats to agriculture. In England, where climate change may lead to
hotter, drier summers, the southeast will be increasingly at risk from
drought.

Will we be able to grow enough food?
In order to grow, plants must convert CO2 into organic compounds by
photosynthesis, and climate change is associated with increased
atmospheric concentrations of CO2. Therefore crops may be expected
to respond to increased CO2 concentrations by enhanced growth
rates. In fact this is true for a group called the C3 plants (so-called
because the first product of photosynthesis contains three carbon
atoms) including wheat, rice and soya beans. Another group called
the C4 plants, which includes maize, sorghum, sugarcane and millet
do not demonstrate any increased productivity. C3 crops may be
favoured both biologically and economically, since C4 crops will prove
to be less competitive, which may, in turn, lead to a world shortage of
some crops.
An increase in temperature has the effect of prolonging the growing
season. This may push the climatic limits for certain crops northwards.
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For example, the current geographical boundary (in terms of
temperature) for ripening maize excludes virtually the whole of the UK.
If temperatures were to increase by just 0.5oC, its cultivation would be
feasible across most of southern England. However an increase in
temperature would also extend the range of temperature limited pests,
causing more damage to crops. Realistically, increased crop
productivity would be offset by lower soil moisture, evaporation from
irrigation systems, and increases in pest populations.
Globally there is doubt whether agricultural productivity will increase
or decrease. Since the local patterns of climate change are hard to
predict, and given that relatively small areas grow the bulk of the
world's food resources, assessments of the change in food supplies
have an inherently low degree of confidence.
As with other impacts, some areas are more sensitive to change than
others. Brazil, Peru, the Sahel region of Africa, south-east Asia and
China are thought to be at considerable risk. In general, crops are at
their most vulnerable where they are grown close to their limits in
terms of conditions such as temperature or soil moisture.

Are any species at risk from global warming?
Generally, climate zones would move poleward and to higher
elevations. In the next fifty years this shift could be hundreds of
kilometres. Some species may find themselves in climatic conditions
to which they are no longer well adapted. Flora and fauna will tend to
migrate as the climate changes, but at a slower rate limited by how
quickly a given species can respond. This could lead to extinction of
local, or even global, populations.
Species particularly at risk from climate change are those which exist
at the edge of their optimal range, are geographically localised (for
example in montane ecosystems or reservations), and occupy highly
specialised niches.
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How will some people be affected?
Many of the impacts (especially on agriculture and sea-level) so far
discussed will be of relevance to humans. It is within the means of
developed countries to counteract these effects, but other countries
may not have sufficient resources. In areas with extensive, highly
populated coastal flood-plains such as Bangladesh, Egypt, or China,
this could lead to the displacement of whole populations. Wide-scale,
environmentally induced migrations would then increase pressure on
land and resources elsewhere, and lead to less tangible effects such
as increases in socio-economic instability.

Questions and sample solutions
1. Can you think of any parts of the UK that could be affected by sealevel rise?
Sample solution: Any low-lying area will be at risk from flooding if sea
levels do rise, for example East Anglia and the Norfolk Broads and
London (through the Thames Estuary)
2. How do you think people in very dry areas could manage with even
less water?
This question is intended to make the pupils aware of the fact of
environmental refugees and to test their ingenuity as far as water
storage and collection is concerned.
3. Can you think of any species that might be affected by global
warming?
Sample answer: Any animal which has a highly specific habitat with a
small range of dietary foodstuffs will be affected by global warming, for
example the panda, polar bear.
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4. What might life be like in the UK if the climate was much hotter?
This could be turned into an essay type question where the pupils
could write 'a day in the life...' type answer describing the UK as a
Mediterranean-type holiday resort.
5. Assuming the average summertime temperature in the UK is
currently 15oC, and assuming the IPCC estimated rate of increase in
global temperatures, what would be the new average summertime
temperature in the UK in a) 2010, b) 2050, c)2100 ?
Answer: (Taking the average warming per decade to be 0.3oC )
a) 15.3, b) 16.5 and c) 18.0oC

Glossary
ecosystem: a system involving the interactions between a community
and its non-living environment.
groundwater: water that has seeped from the surface, and is held
underground in porous and permeable rocks.
pixel: the smallest element which goes to make up an image on a
computer screen.
salination: to make salty
sorghum: a kind of grass cultivated for grain.
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OHP1: Global Warming in the last 150 years
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Experiment

Introduction
The world's ice can be divided into two types: sea-ice and land-ice.
Both are at risk of melting by global warming and climate change. This
experiment looks at the relative importance of land-ice and sea-ice
when assessing the effects of climate change.
Aim
To find out if the melting of land and/or sea-ice will contribute to sealevel rise.
Equipment
• 2 watertight boxes of maximum dimensions 20cm x 10cm x 10cm
deep
• 2 small pieces of stone or dense wood, covering about half the
surface area of the boxes.
• 2 rulers (6 inches)
• ice cubes
• water
• blu-tac
Method: Comparison of Land and Sea Ice
Place the pieces of wood inside the
boxes.
Fix a 6" ruler vertically on the inside of
each box with the blu-tac.
Place half the ice in the bottom of one box (the sea-ice box), and the
other half on the piece of wood in the other box (the land-ice box).
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Pour water into each box until the level
is just below the top of the wood.
Record the water level in each box
using the ruler.
Leave the boxes until the ice in both
has completely melted.
Record the water level in each box again.
Results
For the sea-ice box:

For the land-ice box:

original water level
final water level

=
=

cm
cm

change in level

=

cm

original water level
final water level

=
=

cm
cm

change in level

=

cm

Compare the first and second measurements for each box. Subtract
the first from the second to find out how much the water level has
risen.
You will find that the water level in the sea-ice box has not changed,
whereas the level in the land-ice box has risen.
Conclusion
The melting of land-ice contributes to sea level rise, but sea-ice does
not.
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Further Work
Can you find out where some of the largest masses of land and seaice are?
Can you suggest reasons why the melting of sea-ice doesn't increase
sea levels?
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Pupils’ Information Sheet

Introduction
In previous lessons it has been seen how humans are responsible
for releasing large amounts of the greenhouse gases into the
atmosphere and how this will, in future, start changing climates
around the world. Is there anything that can be done to stop or
slow down global warming? The answer is yes, but it is easier said
than done.
Global warming is a global problem. Once greenhouse gases are
released, they will mix with the rest of the atmosphere. So even
if the UK stopped emitting any greenhouse gases tomorrow, our
climate and climates throughout the world would still change. This
is why countries all over the world have to co-operate if the
problem of global warming is to be addressed.
Some people say that because we are not sure about how much
climates will change, or how quickly, we should wait to see what
happens. They can't see the climate changing, so it is not really
happening. The truth is if we wait to see what happens, it may
then be too late to prevent a lot of the damage. Already the
temperature of the world is increasing. That is why scientists and
governments around the world are talking about what all of us can
do to help prevent global warming.
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What has energy got to do with global warming?
Almost half of the enhanced greenhouse effect is due to our use
of energy. That is because our main source of energy is from the
burning of fossil fuels like oil, coal and natural gas. The burning of
any fossil fuel, or wood, produces energy and carbon dioxide, so
increasing global warming. People can't live without using energy,
so what can be done?

'Cleaner' energy
Some sources of energy don't release any
carbon dioxide into the atmosphere. These
include wind power, wave power, hydroelectricity (electricity made from flowing
water)

and

solar

power

(otherwise

collectively known as renewable energy). If
we used these instead of fossil fuels, less
carbon dioxide would be produced. The trouble is that it would be
very difficult and very expensive to get all our energy from these
sources.
Another kind of energy source that doesn't produce carbon
dioxide is nuclear power. Some countries use a lot of nuclear
power (e.g. France), but many people are worried that it is very
dangerous in other ways such as the possibility of radiation leaks.
For this reason it is unlikely that the amount of nuclear power in
the world will increase rapidly.
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It is possible that new or improved ways of producing cleaner
energy will be developed in the future, but until this happens we
should try to use the energy available now more efficiently.

Energy efficiency
A lot of the energy we produce is just wasted. When electricity is
made by burning coal in power stations, more than 60% of the
energy from the coal is lost as waste heat. Power stations can be
made more efficient by finding uses for the waste heat, or by
using more efficient fuels such as natural gas.
If you live in a draughty house, your gas fire or central heating
system will have to burn more fuel to keep the house warm.
Energy can be saved by fitting draught excluders, insulating hot
water tanks, or turning down the thermostat by just one or two
degrees.
Cars burn petrol or diesel, which are
types of fossil fuel, so we should try
and use them less, and buy cars which
use fuel more efficiently. A bus or
train emits less greenhouse gases than
several cars carrying the same number
of people, so many people think that we should have more buses
and trains and fewer cars. Bicycles emit no greenhouse gases at
all!
It will even help if you use less electricity by turning off lights
when they are not needed, or only boiling as much water as you
need in the kettle. If everyone were to use less electricity, the
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power stations would have to burn less coal, oil and gas to keep
everyone supplied with the energy they require. One problem is
that making power stations, factories, buildings or cars more
energy efficient costs a lot of money in the first place.

How important are CFCs to the greenhouse effect?
Lesson three looked at how ozone is being destroyed by CFCs, but,
as mentioned in Lesson one, CFCs are also very important
greenhouse gases. They are thousands of times more effective
than carbon dioxide at stopping the heat escaping from our
atmosphere. Nearly a quarter of the enhanced greenhouse effect
in the 1980s was from use of the family of compounds, called
halocarbons, to which CFCs belong. They are used in fridges and
freezers, aerosol cans and fire extinguishers.
Many countries have agreed to stop using CFCs, and eventually to
stop using their less harmful replacements, HCFCs.

Can forests help slow down global warming?
Trees absorb carbon dioxide, removing it from the atmosphere.
The carbon is stored in the tree as it grows, so young forests can
remove a large quantity of carbon dioxide and store it for many
years. When trees are cut down, two things can happen: first, the
forest can't absorb as much carbon dioxide from the atmosphere;
secondly, a lot of the wood (such as roots, twigs and small
branches) is often burnt, releasing the stored carbon as carbon
dioxide.
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The world's forests are being chopped down at an alarming rate.
As much as 154,000 km2 of tropical forest are chopped down
every year, an area about the same size as England. The wood is
used for timber or paper, and the land for agriculture. Very few
trees are replaced. A long time ago nearly all of the UK was
covered with forests; now they cover only about 10% of the land.
One easy way to help stop forests being chopped
down is to use and waste less paper, and to
recycle the paper we do use. Young forests, where
most of the trees are growing quickly, are very
good at removing carbon dioxide from the
atmosphere, so it is a good idea to plant or extend forests.
Already in some forests a new tree is planted every time an old
one is cut down. This is called sustainable forest management.

Agriculture and the greenhouse effect
Cattle and other livestock, and rice
growing

are

production

of

responsible
a

large

for

the

amount

of

methane (CH4), which is an effective
greenhouse gas. A reduction in the
amount of intensive or ‘factory’ farming would lessen the increase
in methane.
In addition, farmers use a great quantity of artificial fertilisers
which produce a gas called nitrous

oxide (N2O), another

greenhouse gas. Some crops are grown organically, without
artificial fertilisers, but a similar area of land would not be able
to grow as much of the crop as land that had been treated with
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fertiliser. This is why organically grown produce costs a lot more
than ordinary produce.

Developing countries and their contribution to the greenhouse
effect
The populations of the developing countries are growing very
quickly. All these people must use some source of energy (usually
wood) for heating and cooking, and they also need to clear
forested land to grow crops. All these activities will produce
greenhouse gases. If they are very poor, they won't have enough
money to spend on the more expensive sources of energy which
don't produce greenhouse gases. For most people around the
world, fuels like wood are the main source of energy. Often this is
used very inefficiently in open fires, because people can't afford
simple stoves. Industries in developing countries cannot afford
expensive technology to reduce their greenhouse gas emissions.
Aid from the developed world would help the developing world to
buy the technology it needs to reduce greenhouse gas emissions,
or to adapt to the effects of climate change. As part of an
international effort to slow down the emission of greenhouse
gases, the developed world will pass on some of its technological
discoveries to allow the developing world to develop cleaner and
safer sources of energy such as solar power.
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Questions / further work
1. Can you think of ways in which energy could be used more
efficiently in your house?
2. One way of producing energy more efficiently is through a
Combined Heat & Power (CHP) plant. Can you find out how these
systems work and investigate if they are being used in your area?
3. Find out what type of energy is used in your own home and how
much it costs to run through a twelve month period (ask your
parents for the old bills).
4. If 154,000 km2 (the size of England) of tropical rainforest is
chopped down in a year, how long would it take to chop down a
forest the size of the United States of America?
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Teachers’ Information Sheet

Introduction
Global warming is already happening. Even stabilisation of
greenhouse gas concentrations today would not halt the warming
process immediately. We are, in effect, already committed to an
uncertain degree of global warming.
The Intergovernmental Panel on Climate Change (IPCC) has
attempted to establish a scientific consensus on the effects of, and
responses to, global warming. They project that a doubling of
atmospheric CO2 concentrations will cause a rise in global
temperatures of between 1.4 and 5.8oC. Even global warming
sceptics concede that, under this scenario, a rise of 0.5oC is likely.
Following on from the IPCC reports, governments around the world
have accepted the need to implement policies designed to first limit
and then reduce greenhouse gas emissions. Ultimately, only national
governments have the power to act on this issue, but it is desirable
that governments are guided by international agreements, such as the
Framework Convention on Climate Change signed by over 150
governments in Rio in 1992. Given the inertia in the world's political
and economic system, only by acting now can real benefits be
achieved in the future.
This lesson looks at the sectors which emit the most greenhouse
gases (especially energy production and consumption), and what
options are open to reduce these emissions. The following sectors are
discussed.
•
•
•
•

Energy - What has energy got to do with global warming?
CFCs - How important are CFCs to the greenhouse effect?
Forestry - Can forests help to slow down global warming?
Agriculture - Agriculture and the greenhouse effect.
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• Developing countries - Developing countries and their contribution
to global warming.

What has energy got to do with global warming?
Harnessing energy is essential to both industrial and agrarian
societies, from smelting iron to cooking. About half the enhanced
greenhouse effect is caused by our use of energy, especially fossil
fuels. Any energy policy must therefore look at both the sources and
uses of energy.
On a global scale most of our energy sources release CO2, whether
from fossil fuels or biomass burning. Due to the depletion of fossil fuel
reserves, the mix of fuels may change substantially in the long term.
In the meantime the high relative cost of the alternatives will ensure
the continued dominance of fossil fuels. Activities such as coal mining
are also responsible for large emissions of methane, another
important greenhouse gas.

Energy Sources
Certain sources of energy are not directly responsible for emitting
greenhouse gases. These include nuclear power and the renewables:
solar, wind, wave, tidal and hydro-electricity. Currently, renewable
sources of energy supply only 3% of the UK electricity needs.
Although the Government would like to increase this to 10% by 2010,
the scope for increasing the proportion of power generated from
renewables is thought to be very limited. In the long term,
technologies such as producing electricity directly from light by the
photo-voltaic effect offer possibilities, though they are uncompetitive at
the moment.
A significant proportion of our electricity (approximately 26%) is
currently generated from nuclear power, and it would be possible to
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increase this amount. However there is a strong anti-nuclear lobby,
and if electricity from nuclear power were to include de-commissioning
costs, it may not be competitive in price.
The fastest growing source of CO2 emissions is the transport sector.
One proposed solution to this is the adoption of more so-called zeroemission vehicles which run on electricity. In fact, more often than not,
the electricity is first generated by burning fossil fuels in power
stations. These vehicles are only useful in combating local pollution
hotspots such as Los Angeles.

Energy Efficiency
The UK report under the Framework Convention on Climate Change
focuses on energy efficiency as the most applicable strategy to
reduce CO2 emissions. In the electricity generating sector, coal and oil
fired power stations are very inefficient, and have been superseded by
new gas fired stations, which can improve efficiencies by up to 15%.
In the domestic sector, awareness of energy efficiency is primarily
driven by the possibilities of saving money. The link between
efficiency and global warming is not often made. There are many
ways to reduce the domestic consumption of energy, from putting lids
on pans, to cavity wall insulation.
Realistically, whether a particular method is used will depend largely
on its cost effectiveness. Double glazing, despite its saving on heating
bills, is thought to have too long a payback time unless windows are
to be replaced anyway.
This highlights another point which limits the rate at which energy
efficiency can make an impact. Often there is a considerable capital
investment required to improve energy efficiency; this investment will
usually have to wait until refurbishment or replacement of the existing
system. For example improving the insulating properties of houses is
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cheaper and easier when new ones are constructed. Thus the
improvements in efficiencies in a sector depend on the turnover rates
for the existing stock; the housing stock will improve only slowly,
whereas household appliances such as washing machines are
replaced more frequently by new models with better efficiencies.
Road transport constitutes the fastest growing source of greenhouse
gas emissions. Cars are an extremely inefficient method of transport,
especially where the car contains only one person. In California
measures have been introduced to promote the sharing of car
journeys, primarily to reduce congestion and local pollution, though it
will also reduce CO2 emissions. Diesel and lean-burn engines are also
more efficient.
Though energy efficiency is undoubtedly worthwhile, it is not sufficient.
Past experience shows that the number of car journeys grow to fill the
roads available. The projected growth in road transport will eventually
cancel out the benefits of improved efficiency. For this reason, barring
the adoption of clean fuels, bus and rail services may offer the best
long-term reduction in greenhouse gas emissions. Persuading car
owners to use alternative modes of transport may prove the most
significant obstacle to the adoption of this strategy.

How important are CFCs to the greenhouse effect?
As well as destroying ozone (see lesson 3), CFCs are greenhouse
gases, and are thousands of times more effective in terms of
contributing to the greenhouse effect than an equivalent mass of CO2.
This is due in part to the longer time these gases spend in the
atmosphere. Following the discovery of reduced ozone levels over
Antarctica, pressure mounted on the international community to act to
reduce consumption of CFCs. In 1987 the Montreal Protocol
committed its signatories to reducing consumption of CFCs, in order
to attempt to restore the ozone layer. Since then the Protocol has
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been updated several times. The use of CFCs by developed countries
was phased out by the end of 1995.
There are two types of substitute for CFCs: HCFCs and HFCs. Both
are greenhouse gases, though less effective than CFCs. HCFCs are
also ozone-depleting, and are due to be phased out by 2029. This late
date is to encourage countries to move away from using the more
harmful CFCs. There is no current restriction on HFCs because there
is as yet no evidence that they are ozone-depleting.

Can Forests help to slow down global warming?
One major sink for CO2 is its absorption by green plants, especially
forests. When forests are chopped down, CO2 is released from the
burning of waste products such as roots, undergrowth and small
branches, and from the slower decay of timber products. There is
therefore an increase in the amount of CO2 produced, and a reduction
in the amount absorbed.
One obvious solution is to use fewer timber products, and to use them
more efficiently. Timber is a renewable resource, and it is possible to
extend forests or plant the same number of trees as are cut down.
However, this would increase the price of timber, and there is often
pressure for the cleared land to be used for purposes other than
forestry.

Agriculture and the greenhouse effect
There are several different agricultural sources of greenhouse gases.
Methane (CH4) is produced from flooded rice paddies, and in the
stomachs of ruminant livestock. These are natural processes
associated with the anaerobic decay of organic compounds, and
would be difficult to eliminate without major changes in diet for many
millions of people.
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Nitrous oxide (N2O) is released by the use of artificial fertilisers, which
have been increasingly used to dramatically improve crop yields
across the world. Intensive arable farming requires large quantities of
these fertilisers to prevent rapid depletion of soil nutrients. It would
therefore be difficult to stop using these fertilisers because of the
consequent drop in crop yields, though in many cases they could be
used more efficiently.

Developing countries and their contribution to global warming
No one country can absolve themselves of responsibility for global
warming. While it is true that the industrialised world contributes the
bulk of greenhouse gas emissions, such emissions from developing
countries are growing extremely quickly.
Understandably, the developing world is reluctant to slow its economic
growth by implementing costly measures to reduce greenhouse gas
emissions, when other countries have become fully industrialised over
the past 100 years without restriction.
Hence the developing world seeks aid from the richer countries in the
form of scientific and technological expertise. For example, the
Montreal Protocol (see above) gives developing countries an
additional 10 year period of grace, extending their deadline for
ceasing production of CFCs.

Questions and sample solutions
1. Can you think of ways in which energy could be used more
efficiently in your house?
Sample solution: Insulate the loft, reduce temperature of thermostat
by 1oC, put a full load in the washing machine, only boil as much
water as you need at the time.
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2. One way of producing energy more efficiently is through a
Combined Heat & Power (CHP) plant. Can you find out how these
systems work and investigate if they are being used in your area?
Solution: Simply, CHPs work by harnessing the waste heat that is
generated through power production and uses it to heat buildings. As
a result of its nature it is typically used for small scale ventures. Many
hospitals use this type of scheme to heat their buildings.
3. Find out what type of energy is used in your own home and how
much it costs to run over a twelve month period.
Most people save their old bills. This exercise is useful to encourage
pupils to think about the actual cost of energy.
4. The figure at the end of these notes (for OHP reproduction) can be
used to show the children what constitutes an inefficient kitchen. The
class could then, for example, be asked what measures they would
take to make the kitchen more efficient.

Longer term
Since energy use is the principal factor contributing to global warming,
pupils could carry out a survey of where energy is used in their home,
what fuel is used, and, if possible, how much energy is used (by
monitoring gas and electricity meters from week to week).
It may also be possible to monitor energy consumption for one or two
weeks, then implement simple energy efficiency measures to see if
there is a noticeable decrease in consumption. A weekly monitoring
period will be essential, as energy consumption is likely to follow a
weekly cycle.
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Glossary
Biomass: organic matter, living or once living matter.
De-commissioning costs: the costs involved in closing down and
making safe a nuclear installation.
Photo-voltaic effect: the production of electricity directly from
sunlight.
Zero-emission vehicles: vehicles which are not directly responsible
for producing exhaust gases. Generally it means vehicles that run on
electricity. The generation of that electricity will usually involve the
emission of greenhouse gases. Zero-emission vehicles help reduce
local pollution levels.
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OHP1: An energy inefficient kitchen
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