
Climate change ― an overview

What is climate change mitigation and adaptation?
Mitigation refers to any human intervention aimed at reducing harmful 
infl uences on the earth’s climate system such as reducing emissions or 
removing GHGs from the atmosphere.

Adaptation seeks to protect people, buildings, infrastructure, businesses 

and ecosystems against the negative effects of climate change but also to 
build resilience to climate change, allowing society to take advantage of any 
opportunities that it might bring.

National Mitigation Plan
Ireland’s fi rst statutory National Mitigation Plan, which must be submitted to 
Government by June 2017, will set out the policy measures to be adopted 
to reduce GHG emissions. A series of successive plans will aim to achieve:

• an aggregate reduction in CO2 emissions of at least 80% (compared 
to 1990 levels) by 2050 across the electricity generation, built 
environment and transport sectors and

• in parallel, an approach to carbon neutrality in the agriculture and 
land use sector, including forestry, which does not compromise 
capacity for sustainable food production. 

The fi rst plan will focus on:

• energy effi ciency and renewable sources of energy in the built 
environment and electricity generation sectors

• emissions reductions, greater effi ciency and alternative fuels in the 
transport sector and

• carbon neutrality in the agriculture sector. 

National Adaptation Framework
Ireland’s fi rst statutory National Climate Change Adaptation Framework 
(NAF) must be submitted to Government by December 2017. 

The NAF will specify the national strategy for the application of adaptation 
measures in different sectors and by local authorities to reduce the 
vulnerability of the State to the negative effects of climate change and to 
take advantage of any positive effects that may occur. Relevant ministers 
and all local authorities will be required to develop sectoral or local authority 
adaptation plans that will specify the adaptation policy measures the 
minister or local authority in question propose to adopt.

Further information
Further information is available on Climate Ireland (www.climateireland.ie), 
http://www.epa.ie/pubs/reports/research/climate/; http://ec.europa.eu/clima/
index_en.htm, UNFCCC Newsroom (http://newsroom.unfccc.int/). 

What is climate change? 
Climate can be described as the average global and regional weather 
patterns experienced over long periods of time (minimum 30 years). 
Climate change refers to signifi cant change in the average of climate 
variables, such as temperature and rainfall. 

The Earth’s climate has always been changing. However, scientists have 
now concluded that there is a 95% probability that the global warming of 
the last 50 years is due to man-made greenhouse gases (GHGs). This 
is because the Earth’s natural greenhouse effect has been enhanced 
by man-made emissions of GHGs and this has resulted in global warming 
which is now taking place at a faster rate than previously experienced. 
Projected climate changes will affect all aspects of Ireland’s economy, 
environment and society.

What is causing current climate change? 
Since the industrial revolution, 
human activities have 
signifi cantly increased the levels 
of GHGs in the atmosphere. 
Atmospheric carbon dioxide 
(CO2) has increased by 40% 
to a level that has not occurred 
for at least 800,000 years. This 
is caused by the use of fossil 
fuels and land use changes such 
as deforestation. Gases, such 
as CO2, create a greenhouse 
effect and trap additional heat in 
the Earth’s climate system. The 
effects of this include: 

• increase in global 
temperatures by almost 
1°C over the last century 

• mean sea-level rise of about 20 cm in the last century
• loss of glaciers and sea-ice
• regionally more extreme weather conditions including intense rainfall 

and droughts.

What is the effect of climate change in Ireland?
Irish temperature records show a mean temperature increase of 0.8°C 
between 1900 and 2015, i.e. an average increase of 0.07°C per decade. 
Other observations include:

• Fifteen of the twenty warmest years since 1900 have occurred since 
1990.

• The number of frost days has decreased.
• Average annual rainfall has increased, especially in western areas. 

The effects of climate change are expected to increase in the coming 
decades and during the rest of this century. The potential effects for Ireland 
include:

• sea level rise
• more intense storms and rainfall events
• greater probability of river and coastal fl ooding 
• summertime water shortages in the east 
• reduced water quality
• changes in distribution of plant and animal species.

What is Ireland doing to address climate change? 
Ireland’s GHG emissions in 2014 exceeded 58 Mt of CO2 equivalents, 
mostly occurring in four key sectors: agriculture, transport, electricity and 
the built environment. Climate change in Ireland is being addressed at three 
different levels.

At a global level, Ireland, along with 195 other countries, is a party to the 
United Nations Framework Convention on Climate Change. The ultimate 
objective of the Convention is the stabilisation of global greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous 
interference with the climate system. On 12 December 2015, all parties to 
the Convention adopted the Paris Agreement which sets out a long term 
temperature goal of holding global average temperature to well below 2°C 
above pre-industrial levels and to pursue efforts to limit the temperature 
increase to 1.5°C. It also includes a global goal of enhancing adaptive 
capacity, strengthening resilience and reducing vulnerability to climate 
change with a view to contributing to sustainable development. 

https://ourfi niteworld.com/2012/03/12/world-energy-consumption-since-
1820-in-charts/
http://www.climateireland.ie/climateinfo/about.html

At EU level, Ireland has legally binding annual emissions reduction targets 
for the years 2013-2020; emissions in 2020 should be 20% below 2005 
levels. Ireland will also contribute its share to the EU target under the 
Paris Agreement of at least a 40% reduction in greenhouse gas emissions 
by 2030 compared to 1990. In relation to adaptation, the EU Adaptation 
Strategy (2013) sets out key priorities for member states.

At a national level, climate action is being addressed through the 2014 
National Policy Position on Climate Action and Low Carbon Development, 
and the Climate Action and Low Carbon Development Act 2015. The 
National Policy Position provides a high-level policy direction for the 
adoption and implementation by Government of mitigation and adaptation 
plans to enable the State to move to a low carbon, climate resilient economy 
by 2050. Statutory authority for the plans is set out in the 2015 Act. 

Climate change ― 
an overview

Teagasc is Ireland’s agricultural and food development authority 
supporting science-based innovation in the agri-food sector 
and the wider bioeconomy. It delivers six programmes:

•  Animal and Grassland Research and Innovation 
Programme

•  Crops, Environment and Land Use Programme
•  Rural Economy and Development Programme
•  Food Programme
•  Education Programme
•  Advisory Programme

Teagasc employs over 120 scientists and 120 technicians
in research, 30 specialist staff, and over 320 advisers/teachers 
in education and advisory roles. In total, over 1,200 staff 
are employed at over fi fty locations throughout the country. 
The research carried out by Teagasc is essential to the 
development of competitive and sustainable agricultural 
and food industries.

For further information visit: www.teagasc.ie

The Department of Communications, Climate Action and 
Environment is responsible for developing and implementing 
policies in order to protect and manage Ireland’s environment, 
energy supply, natural resources, communications, broadcasting 
and postal services. These policy areas are of vital national 
strategic importance and play a major role in our economic 
development and environmental well-being. 

By their nature, they are areas of work subject to ongoing change 
and development and the Department is actively engaged in 
shaping and responding to that change in collaboration with its 
agencies, its stakeholders and other Government Departments.

For further information visit: www.dccae.gov.ie

Find this and other lessons on www.sta.ie

The greenhouse effect (Source IPCC 2007)
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Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Chemistry
• Carbon Dioxide: The greenhouse effect and the infl uence of human 

activity on it. Greenhouse gases and their relative effects. Reduction 
of atmospheric carbon dioxide levels by dissolving in the ocean. 
Possible implications of the increased greenhouse effect. (p. 67)

• Fuels and rates of reaction: Decomposition of animal waste and 
vegetation as methane sources. Hazards of methane production in 
slurry pits, coal mines and refuse dumps. Methane as a contributor to 
the greenhouse effect. (p. 49)

Leaving Certifi cate Physics
• Electromagnetic spectrum: Relative positions of radiations in terms 

of wavelength and frequency. UV and IR radiation. ...Greenhouse 
effect. (p. 33)

Science and Technology in Action is also widely used by Transition 
Year classes. 

Student Activities
1. Prior to 1850 the main source of energy that 

people used was wood ― a biofuel. By 1910 global energy use 
had doubled, with coal making up about half the total. Using the 
following graph as a guide write a sentence or two on each of the 
energy sources mentioned to explain the pattern shown.

2. Make a poster to describe what is meant by ‘mitigation’ and 
‘adaptation’ in relation to climate change.

3. Describe which mitigation measures do you think should be given 
the highest priority in Ireland. 

4. Find out which adaptation strategies have been implemented in 
your local area. Outline two of these strategies.

Did You Know?
Some greenhouse gases survive for many years in the atmosphere 
and so their potential to contribute to global warming is increased. 
The table below shows the global warming potential of some of 
these gases, over a one hundred year period, in comparison with 
carbon dioxide at the same concentration.

Methane 34 times as much as CO2

CFC-11 (chlorofl uorocarbon) 5350 times as much as CO2

Nitrous oxide (N2O) 298 times as much as CO2

Carbon tetrafl uoride (CF4) 7350 times as much as CO2

Biographical Notes
John Tyndall 1820 −1893

John Tyndall was born in Leighlinbridge, Co. 
Carlow. He attended the local schools where 
he learned, among other subjects, technical 
drawing and mathematics. He got a job as 
a draftsman with the Ordnance Survey of 
Ireland in 1839. In 1842 he began working for 
the Ordnance Survey in Britain. 

He was a keen experimenter and turned his 
mind to a great variety of scientifi c problems. 
In 1859 Tyndall compared the ability of different atmospheric gases 
to absorb infra-red radiation (which he called ‘radiant heat’). For this 
he used spectrophotometer of his own design. His results showed 
that water vapour is the strongest absorber. He thus proved that the 
atmosphere causes a ‘greenhouse effect’ − something that had been 
suspected before but had not been demonstrated. He also showed that 
transparent gases can emit infra-red radiation.

Tyndall made signifi cant advances in many other areas including 
the scattering of light by suspended particles in gases and liquids 
(now known as the ‘Tyndall effect’) and the refl ection of sound at the 
interface between gases of different density. He showed that ozone 
was composed only of oxygen atoms and invented a way to measure 
the amount of carbon dioxide in exhaled air. He showed that, just 
like visible light, infra-red radiation exhibited refl ection, refraction, 
diffraction, polarisation etc.

(See http://earthobservatory.nasa.gov/Features/Tyndall/)

Learning Outcomes
On completion of this lesson, students should be able to: 

• Outline the factors that infl uence climate change
• List the main sources of greenhouse gases in Ireland
• List some of the effects of climate change in Ireland in 

recent decades
• Outline the steps being taken, nationally and globally, to address 

the causes and effects of climate change
• Distinguish between mitigation and adaptation in relation to 

climate change.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• Many factors affect the global climate. Some of these are beyond 
our control: the 11-year solar cycle, volcanic eruptions, Milankovitch 
cycles, periodic changes in ocean currents. 

• Other factors are caused or enhanced by human activity. They 
include the level of various gases in the atmosphere, especially 
carbon dioxide and methane.

• The levels of greenhouse gases in the atmosphere have risen 
signifi cantly over that last 260 years. Atmospheric carbon dioxide has 
increased by 40% and methane by 250%. As a result the average 
global temperature has increased by about one degree Celsius.

• Over the same period the global human population has increased 
900% and average energy use per capita by 350%. So the total 
global energy use is now more than thirty times what is was in 1750.

• International targets have been agreed in order to limit further 
increases in greenhouse gas emissions through greater effi ciency 
and increased use of renewable energy.

True/False Questions
a) The Earth’s climate was constant until the 

Industrial Revolution. T F
b) The burning of fossil fuels has enhanced the natural 

greenhouse effect.  T F
c) The average global temperature has increased by 1°C in 

the last 20 years. T F
d) The mean sea-level has risen 20 cm in the last century. T F
e) The goal of the Paris Agreement is to keep the average 

global temperature to within 2°C of pre-industrial levels. T F
f) The ‘adaptive capacity’ of a country or region is its ability to 

adapt to environmental change. T F
g) If a factory emits no CO2 it is said to be ‘carbon neutral’. T F
h) ‘Sustainable development’ refers to development that, in the 

long term, does not deplete essential natural resources. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms? 
Revising terminology is a powerful aid to recall and retention.

adaptation, adaptive capacity, aggregate reduction, carbon neutrality, 
climate change, CO2 equivalents, enhanced, fossil fuels, greenhouse 
gases, industrial revolution, Mt, mitigation, National Climate Change 
Adaptation Framework (NAF), natural greenhouse effect, resilience, 
stabilisation, statutory, sustainable development.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certifi cate Chemistry (HL) 2015, Q. 11 c
‘Ireland is facing signifi cant challenges in meeting its EU future 
emissions targets for greenhouse gases under the EU Climate 
and Energy package for 2020.’ (www.epa.ie)

(i)  Explain the underlined term. 

(ii)  State one global climate change implication of failure to control 
greenhouse gas emissions.

(iii)  Arrange water vapour, methane, carbon dioxide and a typical 
chlorofl uorocarbon, in order of their increasing greenhouse 
factors. Which of these gases contributes most to the 
greenhouse effect? Describe one way that chlorofl uorocarbons 
are broken down in the stratosphere. 

(iv) Suggest two ways by which Ireland could reduce its emissions 
of greenhouse gases. 

Leaving Certifi cate Chemistry (HL) 2004, Q. 11 c
The greenhouse effect is a natural phenomenon but its effects have 
been enhanced by human activity over the past 200 years.

(i)  Explain the term greenhouse effect. 

(ii)  Identify one gas in the atmosphere which makes a signifi cant 
contribution to the greenhouse effect.

(iii)  In relation to the gas you have identifi ed in (ii), mention a type 
of human activity which has been a major contributor to the 
increased levels of this gas in the atmosphere.

(iv)  Identify one gas, found in the atmosphere, which is not a 
greenhouse gas. 

(v)  State three probable consequences of an increased greenhouse 
effect which have been suggested by environmental scientists.

Leaving Certifi cate Chemistry (OL) 2011, Q. 11 c
Over 100 years ago the Swedish chemist, 
Arrhenius, pictured on the right, predicted 
that carbon dioxide produced by the 
combustion of fossil fuels would cause 
environmental damage.

(i)  Explain the greenhouse effect. 
State two possible consequences 
of an increased greenhouse effect. 

(ii)  Both methane and water vapour 
have a far greater greenhouse 
effect than carbon dioxide. State 
one reason in each case why methane and water vapour are 
increasing in concentration in the atmosphere.

(iii)  Carbon dioxide is produced in large quantities by the 
combustion of fossil fuels. Give the name and formula of one 
other oxide, produced in the burning of fossil fuels, that gives 
rise to acid rain.
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of greenhouse gases. 

Leaving Certifi cate Chemistry (HL) 2004, Q. 11 c
The greenhouse effect is a natural phenomenon but its effects have 
been enhanced by human activity over the past 200 years.

(i)  Explain the term greenhouse effect. 

(ii)  Identify one gas in the atmosphere which makes a signifi cant 
contribution to the greenhouse effect.

(iii)  In relation to the gas you have identifi ed in (ii), mention a type 
of human activity which has been a major contributor to the 
increased levels of this gas in the atmosphere.

(iv)  Identify one gas, found in the atmosphere, which is not a 
greenhouse gas. 

(v)  State three probable consequences of an increased greenhouse 
effect which have been suggested by environmental scientists.

Leaving Certifi cate Chemistry (OL) 2011, Q. 11 c
Over 100 years ago the Swedish chemist, 
Arrhenius, pictured on the right, predicted 
that carbon dioxide produced by the 
combustion of fossil fuels would cause 
environmental damage.

(i)  Explain the greenhouse effect. 
State two possible consequences 
of an increased greenhouse effect. 

(ii)  Both methane and water vapour 
have a far greater greenhouse 
effect than carbon dioxide. State 
one reason in each case why methane and water vapour are 
increasing in concentration in the atmosphere.

(iii)  Carbon dioxide is produced in large quantities by the 
combustion of fossil fuels. Give the name and formula of one 
other oxide, produced in the burning of fossil fuels, that gives 
rise to acid rain.
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Climate change ― an overview

Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Chemistry
• Carbon Dioxide: The greenhouse effect and the infl uence of human 

activity on it. Greenhouse gases and their relative effects. Reduction 
of atmospheric carbon dioxide levels by dissolving in the ocean. 
Possible implications of the increased greenhouse effect. (p. 67)

• Fuels and rates of reaction: Decomposition of animal waste and 
vegetation as methane sources. Hazards of methane production in 
slurry pits, coal mines and refuse dumps. Methane as a contributor to 
the greenhouse effect. (p. 49)

Leaving Certifi cate Physics
• Electromagnetic spectrum: Relative positions of radiations in terms 

of wavelength and frequency. UV and IR radiation. ...Greenhouse 
effect. (p. 33)

Science and Technology in Action is also widely used by Transition 
Year classes. 

Student Activities
1. Prior to 1850 the main source of energy that 

people used was wood ― a biofuel. By 1910 global energy use 
had doubled, with coal making up about half the total. Using the 
following graph as a guide write a sentence or two on each of the 
energy sources mentioned to explain the pattern shown.

2. Make a poster to describe what is meant by ‘mitigation’ and 
‘adaptation’ in relation to climate change.

3. Describe which mitigation measures do you think should be given 
the highest priority in Ireland. 

4. Find out which adaptation strategies have been implemented in 
your local area. Outline two of these strategies.

Did You Know?
Some greenhouse gases survive for many years in the atmosphere 
and so their potential to contribute to global warming is increased. 
The table below shows the global warming potential of some of 
these gases, over a one hundred year period, in comparison with 
carbon dioxide at the same concentration.

Methane 34 times as much as CO2

CFC-11 (chlorofl uorocarbon) 5350 times as much as CO2

Nitrous oxide (N2O) 298 times as much as CO2

Carbon tetrafl uoride (CF4) 7350 times as much as CO2

Biographical Notes
John Tyndall 1820 −1893

John Tyndall was born in Leighlinbridge, Co. 
Carlow. He attended the local schools where 
he learned, among other subjects, technical 
drawing and mathematics. He got a job as 
a draftsman with the Ordnance Survey of 
Ireland in 1839. In 1842 he began working for 
the Ordnance Survey in Britain. 

He was a keen experimenter and turned his 
mind to a great variety of scientifi c problems. 
In 1859 Tyndall compared the ability of different atmospheric gases 
to absorb infra-red radiation (which he called ‘radiant heat’). For this 
he used spectrophotometer of his own design. His results showed 
that water vapour is the strongest absorber. He thus proved that the 
atmosphere causes a ‘greenhouse effect’ − something that had been 
suspected before but had not been demonstrated. He also showed that 
transparent gases can emit infra-red radiation.

Tyndall made signifi cant advances in many other areas including 
the scattering of light by suspended particles in gases and liquids 
(now known as the ‘Tyndall effect’) and the refl ection of sound at the 
interface between gases of different density. He showed that ozone 
was composed only of oxygen atoms and invented a way to measure 
the amount of carbon dioxide in exhaled air. He showed that, just 
like visible light, infra-red radiation exhibited refl ection, refraction, 
diffraction, polarisation etc.

(See http://earthobservatory.nasa.gov/Features/Tyndall/)

Learning Outcomes
On completion of this lesson, students should be able to: 

• Outline the factors that infl uence climate change
• List the main sources of greenhouse gases in Ireland
• List some of the effects of climate change in Ireland in 

recent decades
• Outline the steps being taken, nationally and globally, to address 

the causes and effects of climate change
• Distinguish between mitigation and adaptation in relation to 

climate change.

General Learning Points 
These are additional relevant points which are 
used to extend knowledge and facilitate discussion.

• Many factors affect the global climate. Some of these are beyond 
our control: the 11-year solar cycle, volcanic eruptions, Milankovitch 
cycles, periodic changes in ocean currents. 

• Other factors are caused or enhanced by human activity. They 
include the level of various gases in the atmosphere, especially 
carbon dioxide and methane.

• The levels of greenhouse gases in the atmosphere have risen 
signifi cantly over that last 260 years. Atmospheric carbon dioxide has 
increased by 40% and methane by 250%. As a result the average 
global temperature has increased by about one degree Celsius.

• Over the same period the global human population has increased 
900% and average energy use per capita by 350%. So the total 
global energy use is now more than thirty times what is was in 1750.

• International targets have been agreed in order to limit further 
increases in greenhouse gas emissions through greater effi ciency 
and increased use of renewable energy.

True/False Questions
a) The Earth’s climate was constant until the 

Industrial Revolution. T F
b) The burning of fossil fuels has enhanced the natural 

greenhouse effect.  T F
c) The average global temperature has increased by 1°C in 

the last 20 years. T F
d) The mean sea-level has risen 20 cm in the last century. T F
e) The goal of the Paris Agreement is to keep the average 

global temperature to within 2°C of pre-industrial levels. T F
f) The ‘adaptive capacity’ of a country or region is its ability to 

adapt to environmental change. T F
g) If a factory emits no CO2 it is said to be ‘carbon neutral’. T F
h) ‘Sustainable development’ refers to development that, in the 

long term, does not deplete essential natural resources. T F

Check your answers to these questions on www.sta.ie.

Revise The Terms
Can you recall the meaning of the following terms? 
Revising terminology is a powerful aid to recall and retention.

adaptation, adaptive capacity, aggregate reduction, carbon neutrality, 
climate change, CO2 equivalents, enhanced, fossil fuels, greenhouse 
gases, industrial revolution, Mt, mitigation, National Climate Change 
Adaptation Framework (NAF), natural greenhouse effect, resilience, 
stabilisation, statutory, sustainable development.

Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certifi cate Chemistry (HL) 2015, Q. 11 c
‘Ireland is facing signifi cant challenges in meeting its EU future 
emissions targets for greenhouse gases under the EU Climate 
and Energy package for 2020.’ (www.epa.ie)

(i)  Explain the underlined term. 

(ii)  State one global climate change implication of failure to control 
greenhouse gas emissions.

(iii)  Arrange water vapour, methane, carbon dioxide and a typical 
chlorofl uorocarbon, in order of their increasing greenhouse 
factors. Which of these gases contributes most to the 
greenhouse effect? Describe one way that chlorofl uorocarbons 
are broken down in the stratosphere. 

(iv) Suggest two ways by which Ireland could reduce its emissions 
of greenhouse gases. 

Leaving Certifi cate Chemistry (HL) 2004, Q. 11 c
The greenhouse effect is a natural phenomenon but its effects have 
been enhanced by human activity over the past 200 years.

(i)  Explain the term greenhouse effect. 

(ii)  Identify one gas in the atmosphere which makes a signifi cant 
contribution to the greenhouse effect.

(iii)  In relation to the gas you have identifi ed in (ii), mention a type 
of human activity which has been a major contributor to the 
increased levels of this gas in the atmosphere.

(iv)  Identify one gas, found in the atmosphere, which is not a 
greenhouse gas. 

(v)  State three probable consequences of an increased greenhouse 
effect which have been suggested by environmental scientists.

Leaving Certifi cate Chemistry (OL) 2011, Q. 11 c
Over 100 years ago the Swedish chemist, 
Arrhenius, pictured on the right, predicted 
that carbon dioxide produced by the 
combustion of fossil fuels would cause 
environmental damage.

(i)  Explain the greenhouse effect. 
State two possible consequences 
of an increased greenhouse effect. 

(ii)  Both methane and water vapour 
have a far greater greenhouse 
effect than carbon dioxide. State 
one reason in each case why methane and water vapour are 
increasing in concentration in the atmosphere.

(iii)  Carbon dioxide is produced in large quantities by the 
combustion of fossil fuels. Give the name and formula of one 
other oxide, produced in the burning of fossil fuels, that gives 
rise to acid rain.
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