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SEQUENCE B  

WHAT CAUSES CLIMATE CHANGE?

Acknowledging that the climate is changing is the 
!rst step in understanding human-induced climate 
change (sequence A). The second step is recognis-
ing human responsibility in today’s climate change. 
The present sequence addresses this issue, provid-
ing a preliminary understanding of both the physical 

mechanisms involved in global warming (in particu-
lar, the role of greenhouse gases), and the human ac-
tivities responsible for it, as well as the links between 
both. This sequence involves documentary analysis, 
physical model experimentation and serious games. 

LESSON LIST   Core lesson            Optional lesson

B1 The greenhouse effect: understanding with an analogy
Natural sciences
The students learn about the greenhouse effect by building a greenhouse as 
an analogy with greenhouse gases in the atmosphere.

page 53

B2 The greenhouse effect: role-playing game
Physical education (<12 years)
Playing catch, the students understand the role of greenhouse gases in 
“trapping” the infrared radiation and stopping it from “escaping” into space, 
and link this phenomenon with global warming.

page 56

B3 Humans and greenhouse gases
Social sciences
Through a mystery-solving activity, the students understand the historical 
causes of climate change. The students analyse different scienti!c data sets 
to learn more about greenhouse gases and the human activities that pro-
duce them.

page 58
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LESSON B1  
THE GREENHOUSE EFFECT: UNDERSTANDING WITH AN ANALOGY

PREPARATION 10 MIN

MATERIALS

For each group of 3 to 4 students:
• 1 light bulb (at least 60 W, if possible 100 W; no 

energy-saving lamps: use incandescent or halo-
gen bulbs), mounted on a stand. 
Note: If the weather is sunny, the light bulbs are 
optional, and the experiments can be carried out 
in the sun;

• 2 electronic thermometers;
• 1 transparent container made of glass or trans-

parent plastic (as thin as possible), or a container 
sealed with plastic wrap;

• (Optional) Modelling clay, which can be useful for 
sealing the container.

INTRODUCTION 20 MIN

In the previous lessons, the students have learned 
that the temperature of the atmosphere is increas-
ing, and that this global warming has several im-
pacts on the ocean and cryosphere. This lesson 
starts by discussing the students’ hypotheses as to 
the causes of the temperature increase. Guide the 
discussion so that the students come to the con-
clusion that the cause is some kind of pollution. De-
pending on the students’ age, some may mention 
greenhouse gases (or at least CO2, since it has al-
ready been introduced). You can ask the students to 
write down all the concepts they think of when they 
hear “greenhouse effect” (such as a greenhouse in 
the garden, greenhouses for "owers, growing plants, 
protection, warmth, humidity, danger, pollution, gas 
and the ozone layer).

PROCEDURE 50 MIN

1. Ask the students to think of an experiment they 
could carry out in the classroom to test the green-
house effect. Building a greenhouse should be the 
most realistic proposal to emerge (see !gures on the 
following page).

 G TEACHER TIP 
For noticeable results, do the experiment under the sun 
and in the middle of the day. You can expect a temperature 
difference of up to 4 degrees. The use of electronic ther-
mometers is not required, but make sure that your ther-
mometer allows you to notice the change in temperature.

2. Each group builds a basic greenhouse with 
the provided container, with a thermometer inside. 
Another thermometer should be kept outside as a 
control. 

3. The students should measure the temperature at 
regular intervals and write down the measured val-
ues in a table.

MAIN SUBJECTS

Natural sciences

DURATION

 ~ Preparation: 10 min
 ~ Activity: 1 h 30

SUMMARY

The students learn about the greenhouse effect by 
building a greenhouse as an analogy with greenhouse 
gases in the atmosphere.

KEY IDEAS

 ~ All objects emit infrared radiation; the warmer they 
are, the more infrared radiation they emit.

 ~ When the Earth’s surface is warmed by the sun, it 
emits infrared radiation.

 ~ The greenhouse gases in the Earth’s atmosphere 
absorb infrared radiation emitted by Earth’s sur-
face. Only part of this infrared radiation escapes into 
space and the rest is sent back to the surface.

 ~ An increase in greenhouse gas concentration results 
in an increase in Earth’s surface temperature.

KEYWORDS

Greenhouse effect, greenhouse gas, infrared radiation, 
global warming

INQUIRY METHOD

Experimentation
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 G TEACHER TIP 
In a greenhouse, two main effects contribute together to 
the temperature increase: the greenhouse effect and the 
containment. Without a cover, the hot air rises by convec-
tion and is replaced by colder air. This is prevented when 
you use a cover. The containment effect prevents the warm 
air from escaping from the greenhouse. The thermometer 
therefore displays a lower temperature outside than inside. 

Moreover, when comparing a glass greenhouse (where, in 
theory, there is a greenhouse effect, resulting from the ab-
sorption of infrared radiation) with a polyethylene (plastic) 
greenhouse (where there is no greenhouse effect), it turns 
out that there is no noticeable difference in temperature 
increase. The dominant effect contributing to warming is 
the containment.

4. Ask the students what is making the temperature 
rise. Explain that the greenhouse is used as an analogy. 

5. There are gases in the atmosphere that play the 
same role as the greenhouse roof. These are there-
fore called greenhouse gases. Such an analogy, if 
presented and taken as such, is entirely acceptable 
in the classroom.

6. If you choose not to do lesson B3, give the stu-
dents WORKSHEET B3.4 to analyse in groups. Discuss 
the source of greenhouse gases in the atmosphere.

WRAP-UP 20 MIN

Discuss the link between the experimental results 
and the greenhouse gas effect that is causing glob-
al warming. The greenhouse gases act like a green-
house, “trapping” the invisible infrared radiation emit-
ted by the Earth’s surface (and also directly by the 
sun) thus leading to warming “inside” the greenhouse 
(the Earth’s surface and the lower atmosphere).

25.8°C

Container

Modelling 
clay 

Sunlight or lamp

Electronic
thermometer

Air Air 

21.2°C

No container

The base of the container can be
tightly sealed with modelling clay

Measure temperatures at regular intervals 

The temperature is warmer inside the containers.

The greenhouse experiment in a plastic or glass container.

Student notes of the experiment.Measuring the temperature inside and outside the 
greenhouse.
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BACKGROUND FOR TEACHERS

GREENHOUSE EFFECT

The sunlight crosses the atmosphere and warm 
the Earth’s surface, generating the upward emis-
sion of infrared radiation (heat). Some of this 
heat is trapped on its return to space by green-
house gases in the atmosphere (mainly water 
vapour, carbon dioxide, methane and nitrous 
oxide) and sent back towards the Earth’s sur-
face. Greenhouse gases thus act like a blanket, 
trapping heat emitted from below. The tempera-
ture of the lower atmosphere is therefore warm-
er than it would otherwise be. In fact, without 
greenhouse gases, the average temperature of 
Earth’s surface would be of about -18°C rather 
than the present average of 15°C. 
The concentration of greenhouse gases chang-
es: either because of natural causes, as in the 
past, or human activities, as in the present. 
This alters the Earth’s energy equilibrium and 
the average surface temperature (see !gure on 
page 10).

INFRARED RADIATION

Our eyes are only capable of seeing part of the 
spectrum of the light emitted by the sun: this is 
visible radiation. The atmosphere is essentially 
transparent to visible radiation.
Light is composed of many forms of radiation, of 
different wavelengths. When using a prism, the 
rays are de"ected to varying degrees according 
to their wavelength. We then see different colours 
(which correspond to different wavelengths), but 
some are invisible to our eyes. The !gure below 
shows the spectrum of light, broken down into 
different wavelength ranges. Only a very small 
part of the spectrum, between the 400 and 700 
nm wavelengths, is visible to the human eye. In-

frared light, with wavelengths longer than those 
of visible red colour, is invisible to us.
An object that is heated (e.g. Earth heated by 
the sun) emits radiation of a wavelength that 
depends on surface temperature. At an average 
temperature of about 15ºC, the Earth’s surface 
mostly emits radiation in the infrared range. The 
atmosphere (due to the presence of green-
house gases) is not transparent to infrared 
radiation.

THE GREENHOUSE EFFECT AND THE “HOLE” IN 

THE OZONE LAYER: TWO DISTINCT PHENOMENA

The composition of the atmosphere, as well as 
its temperature, varies with altitude. The lowest 
layer, in which we live and where most weather 
events occur, is called the troposphere. It rep-
resents more than 80% of the total mass of the 
atmosphere. It is thicker at the equator than at 
the poles. Above it, we !nd the stratosphere, 
and within it the “ozone layer”, located at an alti-
tude of between 15 and 30 km. Ozone is actually 
present throughout the atmosphere, but its con-
centration is particularly high in this zone. Ozone 
absorbs the ultraviolet radiation of sunlight (the 
radiation responsible for sunburn) and prevents 
it from reaching the Earth’s surface. The massive 
use of certain refrigerant gases (Chloro"uorocar-
bons – CFCs) has resulted in a local depletion of 
this ozone layer, which poses a signi!cant threat 
to all life on Earth. Since the Montreal Protocol 
was signed in 1985, the use of these gases has 
been prohibited, and the “hole” in the ozone lay-
er is gradually closing. The increase in the green-
house effect and the “ozone hole” are thus two 
distinct problems: not the same atmospheric 
gases involved (even though the ozone itself is 
also a greenhouse gas), not the same issues.

RADIATION TYPE RADIO WAVESMICROWAVESINFRAREDULTRAVIOLETX-RAYSGAMMA RAYS

InfraredUltraviolet

700 nm600 nm500 nm400 nm

VISIBLE LIGHT

30 mm
Short
wavelengths

Long
wavelengths1 mm10 nm0.01 nmWAVELENGTH

Light spectrum
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LESSON B2  
THE GREENHOUSE EFFECT: ROLE-PLAYING GAME 1

1 This lesson was inspired by the activity “Atmosphere-Exploring Climate Science” (https://learning-resources.sciencemuseum.org.uk/) 
proposed by the UK Science Museum. The OCE is grateful to the authors.

PREPARATION 5 + 15 MIN

MATERIALS

T-shirts or vests of three different colors. Ideally HEAT 
will be in red, fossil fuels (FF) in black (like oil) and 
greenhouse gases (GHG) in blue (atmosphere).

LESSON PREPARATION

1. To be done during the previous lesson or the 
day before. Ask the students to bring a T-shirt 
of the appropriate color or prepare vests of three 
different colors.

2. Draw three distinct zones on the "oor (see !gure 
on the right) named EARTH, ATMOSPHERE and SPACE.

 G TEACHER TIP 
See “Background for teachers” of the previous lesson (B1).

INTRODUCTION 10 MIN

The teacher starts by explaining that warm objects 
emit (give off) heat radiation (also infrared radiation); 
they include the Earth, which is warmed by the sun. 
The infrared radiation emitted by the Earth’s surface 
“radiates” into space. Infrared radiation is invisible 
to our eyes, but is used, for example, in TV remote 
controls. You can also “feel” infrared radiation when 
you bring your hands close to a warm object.

PROCEDURE 30 MIN

1. Split the class into three groups: Half of the stu-
dents, the HEAT group, will play the role of infrared 
radiation leaving the Earth’s surface, in the direction 
of space; a quarter of the students, the GHG group, 
will play the role of greenhouse gases in the Earth’s 
atmosphere; and the other quarter, the FF group, will 

MAIN SUBJECTS

Physical education (<12 years)

DURATION

 ~ Preparation: 5 + 15 min
 ~ Activity: 1 h

SUMMARY

In a game of catch, the students understand the role of 
greenhouse gases in “trapping” infrared radiation and 
stopping it from “escaping” into space so they can link 
this phenomenon with global warming.

KEY IDEAS

 ~ When heated, all objects emit infrared radiation.
 ~ When the Earth’s surface is heated by the sun, it 

emits infrared radiation.
 ~ The greenhouse gases in the Earth’s atmosphere ab-

sorb infrared radiation emitted by Earth’s surface: only 
part of this infrared radiation escapes into space and 
the rest is sent back to the surface.

 ~ An increase in the greenhouse gas concentration 
results in a temperature increase of the Earth’s at-
mosphere.

KEYWORDS

Greenhouse effect, greenhouse gas, infrared radiation, 
global warming, fossil fuels

INQUIRY METHOD

Role-playing game

Diagram of the three zones to be drawn on the floor.

FF

GHG

GHG

GHG

GHG

GHG

FF FF FF FF

HEAT

HEAT

HEAT

HEAT HEAT HEAT

HEAT

HEAT
HEAT

HEAT
EARTH

ATMOSPHERE

SPACE

https://learning-resources.sciencemuseum.org.uk/
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play the role of fossil fuels. The FF group remains 
seated during the !rst round: the fossil fuels are 
stored in the Earth’s crust. The students in the GHG 
group spread out in the ATMOSPHERE. The HEAT group 
starts on one side of the room: they represent the 
warmed EARTH (see !gure on the previous page). The 
game goes as follows:

First round 
Measure the time needed to !nish a round. If it takes 
too long, limit the duration of the round to 2 minutes.
• The FF group remains seated.
• The HEAT group has to cross the room to “radiate” 

into space, passing the greenhouse gases which 
try to trap them.

• If a GHG traps a HEAT, the latter has to go back 
to the EARTH zone and count out loud to !ve be-
fore the student can try escaping again. (This is 
an analogy to greenhouse gases that do not let 
infrared radiation escape into space.)

• When all the HEAT students have either reached 
the other side or been trapped by the GHG group, 
the round ends. If you have to end the round at 
2 min, count the number of HEAT members that 
managed to escape into space.

• Ask the students to go back to their initial posi-
tions for the second round.

• Before starting the second round, explain that 
you (the teacher) represent the inhabitants of the 
Earth, and that you will take the FF out of the crust 
of the EARTH, as an analogy to the exploitation 
of oil, gas and coal. The FF are then transformed 
into GHG: They receive a GHG T-shirt or vest and 
join the other GHG students from the !rst round. 
Stress the fact that now there are now far more 
greenhouse gases in the atmosphere. The sec-
ond round must last as long as the !rst.

Second round 
At the end of the round, observe that in exactly the 
same time, less HEAT students have managed to es-
cape into space.

2. Ask the students to draw the game they played 
(with a legend and an explanation). Once they are 
done, draw a version on the whiteboard and discuss 
the analogy.

3. Ask the students: What conclusion can you draw 
from the fact that fewer HEAT students managed to 
escape into space in the second round? The in-
creased amount of greenhouse gases in the atmos-
phere makes it more dif!cult for infrared radiation 
(HEAT) to escape into space.

4. Ask: What was my role (teacher) in between the 
two rounds? The teacher’s role was to play humanity 
exploiting fossil fuels. Discuss (i) the different types 
of fossil fuels (coal, oil, gas), (ii) how fossil fuels emit 
greenhouse gases (through combustion), (iii) other 
human activities that emit greenhouse gases (like 
meat production and intensive agriculture), (iv) the ef-
fects of an increased amount of greenhouse gases in 
the atmosphere (more infrared radiation is “trapped” 
and the atmosphere’s temperature increases), and 
(v) what would happen if there were no greenhouse 
gases at all in the atmosphere. All infrared radiation 
would escape into space, and the temperature of the 
atmosphere would be much lower: –18ºC in average 
at the Earth’s surface instead of the actual +15°C! 
The greenhouse effect is essential for life on Earth; 
the problem starts when the amount of greenhouse 
gases becomes too high.

WRAP-UP 20 MIN

The students write a conclusion of the lesson. Ex-
ample: “When the Earth is heated by sunlight, its 
surface warms up. The warm surface emits infrared 
radiation. Greenhouse gases in the atmosphere trap 
part of the infrared radiation emitted by the Earth. If 
more greenhouse gases are present in the atmos-
phere, less infrared radiation can escape into space. 
The temperature of the (lower) atmosphere and the 
Earth's surface increases. Human activities that emit 
a lot of greenhouse gases into the atmosphere are 
causing global warming.”

OPTIONAL EXTENSION

A possible extension is to use the multimedia ac-
tivity entitled “The Greenhouse Effect” available on 
the following website: https://phet.colorado.edu/en/
simulation/greenhouse.
The multimedia activity has three different options: 
the !rst demonstrates the effect of greenhouse gas-
es on global mean temperature (the concentration 
of greenhouse gases can be changed) based on 
the “visible photons” – the sunlight – and “infrared 
photons” – the infrared radiation – received, emitted 
or absorbed; the second conceptualizes the phe-
nomenon using the agricultural greenhouse analogy 
(as in lesson B1): it simulates the concentration of 
greenhouse gases by changing the number of win-
dows. The last is more advanced, differentiating the 
radiative effects of the different molecules in the at-
mosphere.

https://phet.colorado.edu/en/simulation/greenhouse
https://phet.colorado.edu/en/simulation/greenhouse
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LESSON B3  
HUMANS AND GREENHOUSE GASES 1

1 This lesson was inspired by Lesson 5 of the “Creating Futures” resource, produced in the scope of the Education for a Just World 
initiative, by Trócaire and the Centre for Human Rights and Citizenship Education, DCU Institute of Education (Dublin, Ireland). The 
OCE is grateful to the authors.

PREPARATION 10 MIN

MATERIALS

WORKSHEETS B3.1, B3.2, B3.3, B3.4, B3.5, B3.6 (one 
of each per group)

LESSON PREPARATION

1. Print WORKSHEETS B3.1, B3.2, B3.3 (and, for ad-
vanced students: B3.4, B3.5, B3.6): one copy of 
each for each group.

2.  Place one “Agree” and one “Disagree” sign at 
two opposite sides of the classroom.

INTRODUCTION 10 MIN

Recap lessons B1 and B2: We have seen excess 
of greenhouse gases in the atmosphere lead to an 
increase in the Earth’s surface air temperature. In 
this lesson, the students will !nd out who / what is 
responsible for greenhouse gas emissions.

PROCEDURE 1 H

PART 1 (30 MIN): THE HISTORICAL CAUSES OF CLIMATE 

CHANGE 

1. Tell the students that to !nd out who is responsi-
ble for excess greenhouse gases in the atmosphere, 
they have to start by solving a mystery. 

2. Divide the class into groups and give each group 
a copy of WORKSHEETS B3.1, B3.2, B3.3. Ask the stu-
dents to read and organize the cards in order to be 
able to solve the following mystery: 
“Was James Watt to blame for Ali missing school?”

Organising the cards to solve the mystery.

MAIN SUBJECTS

Social sciences

DURATION

 ~ Preparation: 10 min
 ~ Activity: 1 h 30

SUMMARY

Through a mystery-solving activity, the students gain 
an understanding of the historical causes of climate 
change. The students analyse different scientific data 
to learn more about greenhouse gases and the human 
activities that produce them.

KEY IDEAS

 ~ Anthropogenic climate change – climate change in-
duced by human activities – concerns ongoing and 
future changes of the Earth’s climate.

 ~ In the 19th century, progress in science and technol-
ogy, alongside socio-economic changes and new 
forms of production, led to an industrial revolution in 
Europe. Burning of fossil fuels has been increasing 
ever since. 

 ~ The concentration of greenhouse gases in the at-
mosphere is increasing. Carbon dioxide (CO2), meth-
ane (CH4), nitrous oxide (N2O) and water vapour (H2O) 
are greenhouse gases.

 ~ The temperature of the atmosphere is increasing 
faster than ever before. Since pre-industrial times 
until 2017, the global mean atmospheric tempera-
ture had already increased by approximately 1ºC.

KEYWORDS

Industrial revolution, steam engine, fossil fuels, green-
house gases, anthropogenic emissions, climate justice

INQUIRY METHOD

Debate
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 G TEACHER TIP 
Depending on your students’ level, you can choose to give 
them the highlighted cards to organize first. These are the 
ones that are essential to answer the question, and the 
easiest to place in a logical order. When they have finished, 
you can give them the other cards, which provide extra in-
formation on the industrial revolution. If the students strug-
gle to answer the question, even when using only the high-
lighted cards, you can suggest they can start by choosing 
which cards are more closely related to James Watt, and 
which are more closely related to Ali.

3. When the groups think they have found an an-
swer, ask the class to position themselves between 
the signs to re"ect how they feel about the state-
ment. Discuss the mystery with the students on 
the mystery, asking them to justify their position. 
They are allowed to move during the debate if they 
change their minds. Similarly, discuss the following 
statement with the class: 
“The industrial revolution was a good thing.”

PART 2 (30 MIN, FOR ADVANCED STUDENTS): ANALYSIS 

OF SCIENTIFIC DATA CONCERNING CLIMATE CHANGE

Divide the students into groups and ask them to 
analyse the documents in WORKSHEETS B3.4, B3.5, 
B3.6 in order to answer the questions.

WRAP-UP 20 MIN

Write the students’ answers to the previous ques-
tions on the whiteboard and discuss everyone’s 
responsibility with respect to greenhouse gas emis-
sions and climate change.

 G TEACHER TIP 
If you wish (or the students), you can proceed to 
lesson E2 (page 132) or E3 (page 136) – Climate Justice, 
before continuing with Sequence C.

BACKGROUND FOR TEACHERS

HUMANS AND GREENHOUSE GASES

The use of energy has been part of human activ-
ity in various forms since its origins (!re, animal 
traction and mills for example). From the 1800s 
onwards, the industrial revolution has transformed 
the western world with the steam engine, hydro-
electricity, fossil fuels and, lastly, nuclear, wind 
and solar energy sources. Electricity is an extraor-
dinarily convenient way to carry and use energy, 
although it is very dif!cult to store (except in small 
or expensive batteries). Overall energy consump-
tion has constantly grown worldwide, doubling 
in the last four decades, but its use remains ex-
tremely uneven. Most developing countries con-
sider access to it to be critical for their future.
The industrial revolution brought with it unprec-
edented scienti!c, technological, economic and 
political changes affecting all sectors of human 
societies, from agriculture to medicine, and lead-
ing to new living standards (starting with Europe 
and North America). These changes occurred to-
gether with a considerable growth in the human 
population. The increasing use of fossil fuels as 
an energy source, together with a quickly grow-
ing population, led to today’s vast exploitation of 
natural resources (such as fossil fuels) and the 
associated emission of greenhouse gases.
In 2019, combustion (wood and fossil fuels like 
oil, gas or coal) represented 85% of the world’s 
energy consumption. Whatever the fuel, it pro-

duces carbon dioxide (CO2), which disperses in 
the Earth’s atmosphere. Other greenhouse gas-
es are produced by human activities, such as 
methane (CH4) or nitrous oxide (N2O). For further 
details on greenhouse gas emissions, page 14 
of the Scienti!c Overview. For the main sources 
of greenhouse gas emissions, see the worksheet 
for this lesson.

GLOBAL WARMING POTENTIAL OF GREENHOUSE 

GASES

The different greenhouse gases have a different 
Global Warming Potential (GWP). The GWP 
depends mainly on two key characteristics of 
each greenhouse gas: its ability to absorb radi-
ation (known as “radiative ef!ciency”) and the 
time it stays in the atmosphere after being 
emitted (known as “lifetime”).
The GWP of a gas (other than CO2) is useful to 
calculate the amount of radiation that the emis-
sions of that gas will absorb over a given period of 
time, in comparison to how much radiation 1 ton 
of CO2 would be able to absorb (in the same pe-
riod of time, usually considered over 100 years). 
The GWP of CO2 is therefore 1; CH4 has a GWP of 
28 - 36, and N2O of 265 - 298, while CFCs, HCFSs, 
PFCs and SF6 can have GWPs in the thousands 
or tens of thousands. The overall contribution of a 
given greenhouse gas to global warming depends 
on both its GWP and the total amount emitted.
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WORKSHEET B3.1

 G Is James Watt responsible for Ali missing school? 

In order to answer the question, cut out and organize the cards provided in WORKSHEET B3.2.

James Watt (1736-1819).

Ali (in the blue shirt), Punjab, Pakistan. Punjab, Pakistan.

Power loom weaving in a cotton mill in England around 1835.
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WORKSHEET B3.2

As the Earth gets hotter due to climate change, Pakistan is 
likely to have more serious droughts and floods.

In the 1770s and 80s James Watt, a Scottish engineer, im-
proved the steam engine. It could now power machines in 
factories. James Watt’s steam engine is seen as an impor-
tant part of the industrial revolution.

On average, people in Pakistan burn a lot less fossil fuel 
and give off less carbon dioxide than people in Europe or 
North America, for example.

The steam engine worked by burning wood or coal. Coal 
was used more and more during the industrial revolution.

The industrial revolution describes the period between ap-
proximately 1760 and 1830. It began in Great Britain, then 
spreading to Western Europe and to North America.

Last year, Ali’s village was flooded. The rain fell heavily, and 
the river rose very high. The floods destroyed the only road 
to Ali’s village, so he could not get to school, hospital or 
the market.

As the Earth gets hotter due to climate change, some of 
the ice caps on the mountains in Pakistan are melting and 
flowing down into Pakistan’s rivers.

Since the industrial revolution, the amount of carbon diox-
ide in the Earth's atmosphere has gone up and up.

Today, the principle of the steam engine is still used in coal 
power plants. Burning the coal produces heat, which is 
used to produce water vapour at high pressure. The vapour 
is then used to turn a turbine and generate electricity.

Greenhouse gases in the Earth's atmosphere act like a 
“blanket”, trapping heat from Earth’s surface. Greenhouse 
gas emissions make this “blanket” thicker. Scientists have 
found that this makes the Earth warmer.

Burning coal, oil and gas releases carbon dioxide into the 
atmosphere.

Ali lives in a village in Pakistan. His village has many green 
fields and a big ground where he used to play cricket. Ali 
goes to school in a nearby town with his cousins.

Ali lives with his grandmother, his three siblings and his 
mother. They grow wheat and vegetables. They also have a 
cow and some hens which give them milk and eggs.

When Ali’s village flooded, their crops were destroyed, 
their house was swept away, and they had to stay in a safe 
camp high up a hill for three weeks.

During the industrial revolution many people moved from 
the countryside, where they farmed the land, to work in 
city factories.

Eventually, people in Ali’s village worked together to rebuild 
the road after it was destroyed by the floods.

Pakistan has a monsoon season when there is a lot of rain, 
and a dry season when there is much less rain.

The use of the steam engine meant that cotton could be 
spun much more quickly than before.

Before Watt’s steam engine, factories were powered by 
flowing water. This meant factories had to be beside a 
river. The steam engine meant factories could be set up 
anywhere, and they often moved into cities.

Before the industrial revolution, things were often made 
in homes using hand tools. The industrial revolution saw 
things made in factories using special machinery.
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WORKSHEET B3.3

Agree

Disagree



W
E 

U
N

D
ER

S
TA

N
D

LE
S

S
O

N
 P

LA
N

 –
 P

A
R

T 
I 

63

WORKSHEET B3.4

Look at the following identity cards of different gases and answer the following questions:

 G What are the main greenhouse gases in the atmosphere that are emitted by human activities?
 G Which human activities are responsible for greenhouse gas emissions?

WATER VAPOUR – H2O
 e Is the most abundant greenhouse gas in the atmosphere.
 e Human activities have only a minor direct influence on the amount of atmospheric 
water vapour.

 e Humans have the potential to substantially influence the amount of water vapour in the 
atmosphere by changing the climate.

CARBON DIOXIDE – CO2
Emitted by:

 e Burning fossil fuels like coal, oil and gas
 e Cement production
 e Deforestation

The CO2 in the atmosphere is partially absorbed by 
the ocean, land vegetation and the soil.
Concentration in the Earth’s atmosphere has increased from ~ 280 ppm (parts per 
million) in pre-industrial times to over 400 ppm today.
Contributes to:

 e Anthropogenic greenhouse effect and global warming (major contributor)
 e Acidification of the oceans

METHANE – CH4
Emitted by:

 e Cow and sheep burps and defecation (it is produced in their 
stomach!)

 e Fossil fuel extraction and use
 e Paddy rice production when fields are under water
 e Landfills and waste

Concentration in the Earth’s atmosphere has increased from around 
750 ppb (parts per billion) in pre-industrial times to over 1850 ppb in 2017.
Contributes to: 

 e Anthropogenic greenhouse effect (has high warming potential: it can trap around 30 times more heat than carbon 
dioxide)

NITROUS OXIDE – N2O
Emitted by:

 e Agriculture (spreading artificial and natural fertilizers 
in fields and growing fodder crops)

 e Fossil fuel combustion
 e Fuel vehicles

The concentration of nitrous oxide in the Earth’s atmosphere has increased from 
280 ppb in pre-industrial times, to more than 330 ppb in 2017.
Contributes to: 

 e Anthropogenic greenhouse effect (even higher global warming potential than methane: it can trap almost 10 times 
more heat than methane)
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WORKSHEET B3.5

Look at the !gures below and answer the following questions:

 G Which gas contributes most to global anthropogenic greenhouse gas emissions?
 G Which economic sectors (sectors of human activity) contribute the most to greenhouse gas emissions?

76%
Carbon dioxide

16%
Methane

6%
Nitrous Oxide

2%
OtherGLOBAL GREENHOUSE GAS 

EMISSIONS BY GAS – 2010

Source: adapted from https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data (data from IPCC – 2014 – details about the 
sources included in these estimates can be found in the Contribution of WG III to the AR5 of the IPCC).

6.4%
Buildings

24%
Agriculture, forestry

and other land use

25%
Electricity and 

heat production

14%
Transport

21%
Industry

9.6%
Other energy

GREENHOUSE GAS EMISSIONS 
BY ECONOMIC SECTORS – 2010

TOTAL 49 GT CO2-eq 

Source: adapted from IPCC AR5 WG3.

https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data


W
E 

U
N

D
ER

S
TA

N
D

LE
S

S
O

N
 P

LA
N

 –
 P

A
R

T 
I 

65

WORKSHEET B3.6

Technical progress since the industrial revolution is not only related to the steam engine, but also to unprec-
edented scienti!c, technological, economic and political changes affecting all sectors of human societies. All 
these developments have contributed to an unprecedented increase in the human population. More people 
and greater energy consumption have contributed to increased greenhouse gas emissions. Observe the two 
!gures below and answer the following questions:

 G  How has CO2 concentration in the atmosphere evolved since the industrial revolution? 
 G Name two factors that can explain this evolution.

Note: the years are represented according to the Gregorian calendar (years before 0 are years BCE – Before the Common Era – or 
BC – Before Christ).
Source: https://ourworldindata.org/world-population-growth#population-growth

-10000 -8000 -6000 -4000 -2 000 0 2100
year

2 billion

4 billion

6 billion

8 billion

10 billion

1700

Year 2015

WORLD POPULATION OVER THE LAST 12,000 YEARS AND UNITED NATIONS PROJECTION UNTIL 2100

Source: NOAA – Earth System Research Laboratory – Global Monitoring Division
(ftp://aftp.cmdl.noaa.gov/products/trends/co2/co2_annmean_mlo.txt)
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GLOBAL AVERAGED CARBON DIOXIDE CONCENTRATION IN PPM

https://ourworldindata.org/world-population-growth#population-growth
ftp://aftp.cmdl.noaa.gov/products/trends/co2/co2_annmean_mlo.txt

