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THE	 CLIMATE	 CHANGE	
MANUAL	
	
	
The	manual	is	a	resource	collection	of	
participatory	 educational	 exercises	
for	 use	 in	 raising	 awareness	 and	
promoting	action	against	 challenging	
issues.	 Facilitators	 can	 select	 from	
the	 manuals	 to	 plan	 their	 own	
courses	 for	 different	 target	 groups.	
Students,	 Professionals,	 Youth	 and	
Community	groups.	
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WHY WAS THE MANUAL DEVELOPED? 

The Toolkit was developed to provide corps members serving in various schools 
with a set of flexible educational materials to raise their own understanding and 
help them facilitate creating awareness on climate change etc. 

OBJECTIVES  
The participant should know  

v The science of how climate change occurs, including the differences 
between climate and weather, greenhouse gases. 

v The causes of Global warming.  

v The impact of human development on the environment, especially in the 
areas of migration, rainfall-dependent agriculture, and the intensification of 
illnesses. And how scientists determine that the planet is getting hotter. 

v The practical and innovative solutions to address the causes of climate 
change while meeting the needs of the world including solar, wind, and 
hydroelectric power, as well as the importance of preserving and 
maintaining forests.    

HOW TO USE THE MANUAL 

The manual is designed for participatory learning, the idea is to help the 
participants learn through doing, sharing feelings, concerns, and experience, 
discussing and analyzing issues, solving problems, planning and taking action. So 
don't try to use it as a bunch of lectures. It just won't work! This is because learning 
is much easier through a participant-centred learning process, not through listening 
to lectures. 
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MANUAL METHODS  

The manual uses a wide variety of participatory training methods and materials: 

Discussion is the core method. The activities, through which participants reflect on 
their own experience, share with others, analyze issues and plan for action 
together. All of the sessions are built around discussion. 

Presentations are kept to a minimum and only used in summarizing sessions, or 
explaining some of the facts where participants are confused. If technical experts 
are available, use their expertise! 

Rotational brainstorming is another form of brainstorming done in small groups. 
Participants break into groups and each group is given a starting topic. Each group 
records points on its topic on a flipchart and after 2-3 minutes moves to a new 
topic and adds points. During the exercise groups contribute ideas to all topics. 
Small groups are used to maximize participation in discussions. Some trainees feel 
shy in a large group but in a small group they find it easier to talk. Small groups 
can also be used to do “task group” work, different groups exploring different 
topics. 
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CLIMATE CHANGE (1) 
INTRODUCTION 

CLIMATE 
Climate is the composite or general prevailing weather conditions of a region. 
Weather conditions such as temperature, air pressure, humidity, precipitation, 
cloudiness, and winds, throughout the year, averaged over a series of years 
determine the climate of a place or region. 

DIFFERENCE BETWEEN WEATHER AND CLIMATE 
Weather is the state of the atmosphere at a particular location over a short period of 
time. Weather is what you experience when you step out on any given day. The 
weather of a place at a particular time can change quickly. 

Climate on the other hand is the average of the weather patterns in a place over a 
longer period of time, usually 30 years. Climate changes slowly. 

CLIMATE CHANGE 
Climate change is also called global warming. It refers to the rise in the average 
surface temperatures on earth. Scientists have discovered that there has been a 
greater rising of earth’s temperature, and it is now more certain than ever, based on 
many lines of evidence, that humans are changing Earth’s climate. What evidence? 
The atmosphere and oceans have warmed, accompanied by sea-level rise, a strong 
decline in Arctic sea ice, and other climate-related changes. The evidence is clear. 
However, due to the nature of science, not every single detail is ever totally settled 
or completely certain. Nor has every pertinent question yet been answered. 

Climate change or global warming is different from any other thing humans have 
faced in recent history this is because while natural disasters such as earthquakes, 
tsunamis etc affect just one region at a time, climate change affects the whole 
earth.  

Unless we tackle this problem soon, it can transform our planet, making the 
climate much more unpredictable, forcing many species into extinction and making 
life much harder for us. 
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GREENHOUSE GASES AFFECT EARTH’S ENERGY BALANCE 
AND CLIMATE 
The Sun serves as the primary energy source for Earth’s climate. Some of the 
incoming sunlight is reflected directly back into space, especially by bright 
surfaces such as ice and clouds. The rests are absorbed by the surface and 
atmosphere. Much of this absorbed solar energy is re-emitted as heat (long wave or 
infrared radiation). The atmosphere in turn absorbs and re-radiates heat, some of 

which escapes to space. Any 
disturbance to this balance of incoming 
and outgoing energy will affect the 
climate. For example, small changes in 
the output of energy from the Sun will 
affect this balance directly. If all heat 
energy emitted from the surface passed 
through the atmosphere directly into 
space, Earth’s average surface 
temperature would be tens of degrees 
colder than today. 

Greenhouse gases in the atmosphere, 
including water vapour, carbon 

dioxide, methane, and nitrous oxide, act to make the surface much warmer than 
this, because they absorb and emit heat energy in all directions (including 
downwards), keeping Earth’s surface and lower atmosphere warm [Figure B1]. 
Without this greenhouse effect, life as we know it could not have evolved on our 
planet. Adding more greenhouse gases to the atmosphere makes it even more 
effective at preventing heat from escaping into space. When the energy leaving is 
less than the energy entering, Earth warms until a new balance is established. 
Greenhouse gases emitted by human activities alter Earth’s energy balance and 
thus its climate. Humans also affect climate by changing the nature of the land 
surfaces (for example by clearing forests for farming) and through the emission of 
pollutants that affect the amount and type of particles in the atmosphere. 

"There's one issue that 
will define the contours of 

this century more 
dramatically than the 
other, and that is the 

urgent threat of a 
changing climate." 

Barrack Obama 

President of the United State of 
America 
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Scientists have determined that, when all human and natural factors are considered, 
Earth’s climate balance has been altered towards warming, with the biggest 
contributor being increases in CO2.  

DEFINITION OF TERMS 
Weather reflects short-term conditions in 
the atmosphere.  

Climate on the other hand, refers to the 
average temperatures and precipitation 
rates over an extended period of time, say 
30 years. 

Climate Change refers to changes in 
climate characteristics, including 

temperature, humidity, rainfall, wind, and severe weather events over long term 
periods 

Greenhouse gases are referring to several chemical compounds found in the 
Earth’s atmosphere, which would trap heat that would normally be released out to 
space. Too much human-generated greenhouse gas emissions upsets the planet’s 
natural balance, leading to an increase in warming. 

Global warming: Earth’s slowly rising temperature, it refers to the overall 
warming of the planet, based on average temperature over the entire surface of the 
Earth. In the atmosphere not all thermal radiation emitted by the earth reaches 
outer space, part of it is absorbed and reflected back to the earth surface by green 
house gas (GHG). Water vapour is the most important green house gas followed by 
carbon dioxide, then methane nitrous oxide, ozone and other gas present 

MATERIALS NEEDED  
v Flipchart paper 

v Cardboard 

v White board marker 

On climate change, we 
often don't fully 

appreciate that it is a 
problem. We think it is a 

problem waiting to 
happen. 

Kofi Annan 
UN Secretary General 
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ACTIVITY 
v Divide participants into groups of 3-4. 

v Put up flipchart paper on different walls of room and put a question at the 
top of each  

v What do you understand by Weather? 

v What do you understand by Climate? 

v What do you understand by climate change?  

v What do you understand by Greenhouse gases?  

v What do you understand by Global warming?  

v How does global warming occur? 

v How is your community affected by climate change?  

v Groups should all present their answers to the rest of the groups 

v Facilitators should explain in details what these concept mean 
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CLIMATE CHANGE (2) 
CAUSES 

Climate change is caused by natural causes or human activities.  The Earth's 
climate can be affected by natural factors that are external to the climate system, 
such as changes in volcanic activity, solar output, and the Earth's orbit around the 
Sun. However, since the Industrial Revolution, the effect of additions of 

greenhouse gases to the atmosphere 
has been over 50 times that of 
changes in the Sun's output. 

Humans have through their activities 
continued to contribute to climate 
change. Activities like deforestation, 
burning of fuels and bush burning 
increases the concentrations of green 
house of gases in the atmosphere. 

GREENHOUSE GASES  
Greenhouse gases are carbon 
dioxide, methane, water vapour, 
nitrous oxide and ozone.  

Greenhouse gases act like a blanket, absorbing infrared radiation emitted from 
Earth’s surface and preventing it from escaping into outer space.  

Increase in the atmospheric concentrations of these gases cause the Earth to warm 
by trapping more of this heat. The net effect is the gradual heating of Earth’s 
atmosphere and surface, a process known as global warming.  Human activities 
especially the burning of fossil fuels since the start of the Industrial Revolution 
have increased atmospheric carbon dioxide (CO2) concentrations by about 40%, 
with more than half the increase occurring since 1970. Since 1900, the global 
average surface temperature has increased by about 0.8 °C (1.4 °F). This has been 
accompanied by warming of the ocean, rise in sea level, strong decline in Arctic 
sea ice, and many other associated climate effects. Much of this warming has 

"We must now agree on a 
binding review mechanism 
under international law, so 

that this century can 
credibly be called the 

century of 
decarbonisation." 

Angela Merkel 

Chancellor of Germany 
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occurred in the last four decades. Detailed analyses have shown that the warming 
during this period is mainly a result of the increased concentrations of CO2 and 
other greenhouse gases.  

Continued emissions of these gases will cause further climate change, including 
substantial increases in global average 
surface temperature and important changes 
in regional climate. The magnitude and 
timing of these changes will depend on 
many factors, and slowdowns and 
accelerations in warming lasting a decade 
or more will continue to occur. However, 
long-term climate change over many 
decades will depend mainly on the total 
amount of CO2 and other greenhouse gases 
emitted as a result of human activities. 

DEFINITION OF TERMS 
Greenhouse gases (GHGs) are trace gases 

in the atmosphere that absorb and emit long wave radiation. They naturally blanket 
the earth and keep it at about 33° C warmer than it would be without these gases in 
the atmosphere, below are a list of some of these gases  

Water Vapour- the most abundant green house gases but most importantly, it acts 
like feedback to the climate. Water vapour increases as the earth atmosphere 
warms, but so does the possibility of clouds and precipitation, making some of the 
most important feedback mechanism to the green house effect 

Carbon Dioxide- A minor but very important component of the atmosphere, 
carbon dioxide is released through natural process such as respiration and volcano 
eruption and through human activities such as deforestation, land use changes, 
burn fossil fuel, humans have increased atmospheric CO2  concentration by more 
than a third since the industrial revolution began. 

Methane- A hydrocarbon gas produced both through natural sources and human 
activities, including the decomposition of waste landfills, agriculture and especially 
rice cultivation, as well as ruminant digestion and manure management associated 

"The violence that 
exists in the human 

heart is also 
manifested in the 

symptoms of illness 
that we see in the 

earth the water the air 
and the living things."  

 Pope Francis 
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domestic livestock. On a molecules for molecular basis methane is a far more 
active green house gas than CO2 but also one, which is much less abundant in the 
atmosphere  

Nitrous oxide- A powerful green house gas produced by soil cultivation practices, 
especially the use of commercial and organic fertilizers, fossil fuel combustion, 
nitric acid production and bush burning  

Chlorofluorocarbon- Synthetic compound entirely of industrial origin used in a 
number of applications, but now largely regulated in production and release to the 
atmosphere by international agency for their ability to contribute to destruction of 
the ozone layers   

MATERIALS NEEDED  
White board 

White board marker 

Cardboard papers 

ACTIVITY 
v Facilitator should ask participants to call the green house gasses they know 

as he writes them on the board.    

v Divide participants in groups and ask them these questions.  

v Write short notes on the points written on the board.  

v What they are, how they are formed, is it natural, artificial or both. 

v Ask them to list equipments or devices found in their local environment that 
release green house gases. 

v Ask them to list alternatives to these equipment or devices that causes global 
warming.  

Organise the students to sensitize the local community. 
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CLIMATE CHANGE (3) 
EFFECTS 

The consequences of climate change include; 

v Changes in our Earth’s climate have a direct impact on what we grow and 
eat in Africa. Seventy percent of the population lives by farming and a third 
of the income in Africa is generated by agriculture.  Climate change 
increases extreme weather, such as changes to seasonal rainfall, droughts 
and floods that will impact these crops.  

v The warming brought about 
by climate change increases 
ocean temperatures, which 
causes some fish to move to 
cooler waters beyond their 
normal range.  

v Climate change will also have 
a huge impact on our health. 
Changes in rainfall associated 
with climate change can 
increase the population of 
malaria-carrying mosquitoes 
and the distribution of yellow 
fever and dengue fever.   

v Extreme weather events can 
also cause huge migrations of 

people.  Flooding, drought, and other competition for resources like fresh 
water can ignite conflict and impel people to leave their homes.  

v Most scientists, however, say the trend is up. The warmest days are warmer, 
the coldest days not as cold. These scientists say the Earth has warmed up 
about 1 Fahrenheit (0.6 Celsius) in the last 100 years. The rate of change, 
they say, is speeding up. A hundred years from now, the Earth may well be 
as much as ten degrees hotter! 

“Two thousand scientists, in 
a hundred countries, engaged 

in the most elaborate, well 
organized scientific 

collaboration in the history 
of humankind, have 

produced long-since a 
consensus that we will face a 
string of terrible catastrophes 

unless we act to prepare 
ourselves and deal with the 
underlying causes of global 

warming." 

Al Gore 

Chairman and cofounder of 
generation investment management  
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Others includes Severe weather conditions leading to disasters like floods, 
droughts etc. Higher death rates, Dirtier and unhealthy air, Higher wildlife 
extinction rates, More acidic oceans, Higher sea levels etc 

MATERIALS NEEDED  
Cardboard 

White board 

White board paper 

Newspaper or magazines 

 

ACTIVITY 
v Participant should list different effect of global warming, as the facilitator 

writes it on the board. 

v Divide participants into groups of 3 or 4 and divide the effects listed 
between them.   

v Provide newspaper or magazines, so that the participant can get pictures that 
depict the effects of climate change to use in their presentation.    

v  Groups should explain how these effects occur.  
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CLIMATE CHANGE 4 
MITIGATION 

PERSONAL ACTION TO REDUCE GLOBAL WARMING 
Through encouraging personal action, we can do our part to dramatically reduce 
greenhouse gases and begin turning back the clock on climate change. We can 
make small but significant contributions towards preventing and reducing the 
effects of climate change simply by making a few changes in our daily lives. For 
example, some measures that will reduce our household GHGs emissions include: 

v  Tree planting.  

v Creating awareness on climate change.  

v Use AC and water coolers less. 

v Use low-energy light bulbs and switch them off when leaving the room.  

v Save water by not letting it run while brushing your teeth.  

v Turn off computers, TV and other appliances when not in use. 

v Improve insulation systems in our homes by designing our houses better. 

v Walk or cycle more use the car less!  

v Use public transportation more often.  

v Share ride to school with friends and neighbours. It’s also fun!  

v Implement the “Three Rs principle”: Reduce, Recycle, Re-use!  

v Home water purification treatments can prevent water borne diseases.  

v The use of insecticides should be reduced to the barest minimum. Sleeping 
in mosquito nets can protect us from being bitten by mosquitoes carrying 
diseases such as malaria and dengue. Fixing wire netting on windows, using 
mosquito repellent creams and wearing long-sleeved clothes and trousers are 
also useful in avoiding mosquitoes. 
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The use of renewable energy sources offers tremendous potential to a 
substantial reduction in carbon dioxide emissions.  

v Solar energy is simply the light and heat that comes from the sun. It is the 
most abundant energy resource on Earth.   There are two common ways to 
convert solar energy into electricity: photovoltaic and solar-thermal 
technologies. 

v The wind, like the sun, is also a clean and renewable energy source. Today, 
modern machines called wind turbines.  

v The energy inherent in water and steam can also produce electricity through 
hydroelectric power plants, which force flowing water through wheels or 
rotors known as turbines.   

v Another source of energy is the heat built up inside the Earth itself known as 
geothermal energy. At geothermal power plants, wells are drilled 1 to 3 
kilometres into the Earth to pump steam or hot water to the surface to make 
energy.   

MATERIALS NEEDED  
Cardboard. 

White board. 

White board paper 

Newspaper  

Charts 

ACTIVITY 
Divide participants into 4 groups  

Facilitator should draft detailed presentation of the methods to mitigate global 
warming with pictures and chats for proper understanding. the presentation should 
answer the following question.   

v What is the solution about? 
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v How does it work? 

v How does it mitigate Global warming? 

v Give examples of where it can be found in your community. 

v Members from the groups should present the results. 

v What daily habits can you 
undertake to reduce climate 
change? 

The facilitators should answer all 
questions asked be the participants.  

QUESTIONS AND ANSWERS ON 
CLIMATE CHANGE 
IS THE CLIMATE WARMING? 
Yes. Earth’s average surface air 

temperature has increased by about 0.8°C (1.4°F) since 1900, with much of this 
increase taking place since the mid-1970s. A wide range of other observations 
(such as reduced Arctic sea ice extent and increased ocean heat content) and 
indications from the natural world (such as pole ward shifts of temperature-
sensitive species of fish, mammals, insects, etc.) together provide incontrovertible 
evidence of planetary-scale warming. 

The clearest evidence for surface warming comes from widespread thermometer 
records. In some places, these records extend back to the late 19th century. Today, 
temperatures are monitored at many thousands of locations, over both the land and 
ocean surface. Indirect estimates of temperature change from such sources as tree 
rings and ice cores help to place recent temperature changes in the context of the 
past. In terms of the average surface temperature of Earth, these indirect estimates 
show that 1983 to 2012 was probably the warmest 30-year period in more than 800 
years. 

A wide range of other observations provides a more comprehensive picture of 
warming throughout the climate system. For example, the lower atmosphere and 
the upper layers of the ocean have also warmed, snow and ice cover are decreasing 

Twenty-five	 years	 ago	
people	 could	 be	 excused	
for	not	knowing	much,	or	
doing	 much,	 about	
climate	 change,	 today	we	
have	no	excuse		

Desmond	Tutu	
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in the Northern Hemisphere, the Greenland ice sheet is shrinking, and sea level is 
rising. These measurements are made with a variety of monitoring systems, which 
gives added confidence in the reality that Earth’s climate is warming. 

How do scientists know that recent 
climate change is largely caused by 
human activities? 
Scientists know that recent climate 
change is largely caused by human 
activities from an understanding of basic 
physics, comparing observations with 
models, and fingerprinting the detailed 
patterns of climate change caused by 
different human and natural influences. 

Since the mid-1800s, scientists have known that CO2 is one of the main greenhouse 
gases of importance to Earth’s energy balance. Direct measurements of CO2 in the 
atmosphere and in air trapped in ice show that atmospheric CO2 increased by about 
40% from 1800 to 2012. Measurements of different forms of carbon reveal that 
this increase is due to human activities. Other greenhouse gases (notably methane 
and nitrous oxide) are also increasing as a consequence of human activities.  

CO2 is already in the atmosphere naturally, so why are emissions from 
human activity significant? 

Human activities have significantly disturbed the natural carbon cycle by 
extracting long buried fossil fuels and burning them for energy, thus releasing CO2 
to the atmosphere. In nature, CO2 is exchanged continually between the 
atmosphere, plants and animals through photosynthesis, respiration, and 
decomposition, and between the atmosphere and ocean through gas exchange. A 
very small amount of CO2 (roughly 1% of the emission rate from fossil fuel 
combustion) it is also emitted in volcanic eruptions. This is balanced by an 
equivalent amount that is removed by chemical weathering of rocks. 

"It’s a collective 
Endeavour, it's a 

collective accountability 
and it may not be too 

late," 

Christine Lagarde 

Managing Director, IMF 
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The CO2 level in 2012 was about 40% higher than it was in the nineteenth century. 
Most of this CO2 increase has taken place since 1970, about the time when global 
energy consumption accelerated. Measured decreases in the fraction of other forms 
of carbon (the isotopes 14C and 13C) and a small decrease in atmospheric oxygen 
concentration (observations of which have been available since 1990) show that 

the rise in CO2 is largely from 
combustion of fossil fuels (which have 
low 13C fractions and no 14C). 
Deforestation and other land use 
changes have also released carbon 
from the biosphere (living world) 
where it normally resides for decades 
to centuries. The additional CO2 from 
fossil fuel burning and deforestation 
has disturbed the balance of the carbon 

cycle, because the natural processes that could restore the balance are too slow 
compared to the rates at which human activities are adding CO2 to the atmosphere. 
As a result, a substantial fraction of the CO2 emitted from human activities 
accumulates in the atmosphere, where some of it will remain not just for decades 
or centuries, but also for thousands of years. 

Climate is always changing; why is climate change of concern now? 
All major climate changes, including natural ones, are disruptive. Past climate 
changes led to extinction of many species, population migrations, and pronounced 
changes in the land surface and ocean circulation. The speed of the current climate 
change is faster than most of the past events, making it more difficult for human 
societies and the natural world to adapt. The largest global-scale climate variations 
in Earth’s recent geological past are the ice age, which are cold glacial periods 
followed by shorter warm periods The last few of these natural cycles have 
recurred roughly every 100,000 years. They are mainly paced by slow changes in 
Earth’s orbit, which alter the way the Sun’s energy is distributed with latitude, and 
by season on Earth. 

These changes alone are not sufficient to cause the observed magnitude of change 
in temperature, or to act on the whole Earth. Instead they lead to changes in the 
extent of ice sheets and in the abundance of CO2 and other greenhouse gases which 

"Climate change 
increasingly poses one of 

the biggest long term treats 
to investment." 

Christiana Figueres 

Secretary of the UNFCCC 
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amplify the initial temperature change and complete the global transition from 
warm to cold or vice versa. 

Is there a point at which adding more CO2 will not cause further warming? 
No. Adding more CO2 to the atmosphere 
will cause surface temperatures to 
continue to increase. As the atmospheric 
concentrations of CO2 increase, the 
addition of extra CO2 becomes 
progressively less effective at trapping 
Earth’s energy, but surface temperature 
will still rise. Our understanding of the 
physics by which CO2 affects Earth’s 
energy balance is confirmed by 
laboratory measurements, as well as by 

detailed satellite and surface observations of the emission and absorption of 
infrared energy by the atmosphere. Greenhouse gases absorb some of the infrared 
energy that Earth emits in so-called bands of stronger absorption that occur at 
certain wavelengths. Different gases absorb energy at different wavelengths. CO2 
has its strongest heat-trapping band centred at a wavelength of 15 micrometres 
(millionths of a metre), with wings that spread out a few micrometres on either 
side. There are also many weaker absorption bands. As CO2 concentrations 
increase, the absorption at the centre of the strong band is already so intense that it 
plays little role in causing additional warming. However, more energy is absorbed 
in the weaker bands and in the wings of the strong band, causing the surface and 
lower atmosphere to warm further. 

Does the rate of warming vary from one decade to another? 
Yes. The observed warming rate has varied from year to year, decade to decade, 
and place to place, as is expected from our understanding of the climate system. 
These shorter term variations are mostly due to natural causes, and do not 
contradict our fundamental understanding that the long-term warming trend is 
primarily due to human-induced changes in the atmospheric levels of CO2 and 
other greenhouse gases. Even as CO2 is rising steadily in the atmosphere, leading 
to gradual warming of Earth’s surface, many natural factors are modulating this 
long-term warming. Large volcanic eruptions increase the number of small 
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particles in the stratosphere that reflect sunlight, leading to short-term surface 
cooling lasting typically two to three years, followed by a slow recovery. Ocean 
circulation and mixing vary naturally on many time scales causing variations in sea 
surface temperatures as well as changes in the rate at which heat is transported to 
greater depths. For example, the tropical Pacific swings between warm El Niño 
and cooler La Niña events on timescales of two to seven years. Scientists know of 

and study many different types of 
climate variations, such as those on 
decadal and multi-decadal timescales in 
the Pacific and North Atlantic Oceans, 
each with its own unique 
characteristics. These oceanic variations 
are associated with significant regional 
and global shifts in temperature and 
rainfall patterns that are evident in the 
observations. 

Does the recent slowdown of warming mean that climate change is no longer 
happening? 
No. Since the very warm year 1998 that followed the strong 1997-98 El Niño, the 
increase in average surface temperature has slowed relative to the previous decade 
of rapid temperature increases. Despite the slower rate of warming the 2000s were 
warmer than the 1990s. A short-term slowdown in the warming of Earth’s surface 
does not invalidate our understanding of long-term changes in global temperature 
arising from human-induced changes in greenhouse gases. 

Decades of slow warming as well as decades of accelerated warming occur 
naturally in the climate system. Decades that are cold or warm compared to the 
long-term trend are seen in the observations of the past 150 years and also captured 
by climate models. Because the atmosphere stores very little heat, surface 
temperatures can be rapidly affected by heat uptake elsewhere in the climate 
system and by changes in external influences on climate (such as particles formed 
from material lofted high into the atmosphere from volcanic eruptions). More than 
90% of the heat added to Earth is absorbed by the oceans and penetrates only 
slowly into deep water. A faster rate of heat penetration into the deeper ocean will 
slow the warming seen at the surface and in the atmosphere, but by itself will not 
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change the long-term warming that will occur from a given amount of CO2. For 
example, recent studies show that some heat comes out of the ocean into the 
atmosphere during warm El Niño events, and more heat penetrates to ocean depths 
in cold La Niñas. Such changes occur repeatedly over timescales of decades and 

longer. An example is the major El Niño 
event in 1997–98 when the globally 
averaged air temperature soared to the 
highest level in the 20th century as the 
ocean lost heat to the atmosphere, mainly 
by evaporation. 

If the world is warming, why are some 
winters and summers still very cold? 
Global warming is a long-term trend, but 
that does not mean that every year will 
be warmer than the previous one. Day to 
day and year-to-year changes in weather 

patterns will continue to produce some unusually cold days and nights, and winters 
and summers, even as the climate warms. 

Climate change means not only changes in globally averaged surface temperature, 
but also changes in atmospheric circulation, in the size and patterns of natural 
climate variations, and in local weather. La Niña events shift weather patterns so 
that some regions are made wetter, and wet summers are generally cooler. Stronger 
winds from Polar Regions can contribute to an occasional colder winter. In a 
similar way, the persistence of one phase of an atmospheric circulation pattern 
known as the North Atlantic Oscillation has contributed to several recent cold 
winters in Europe, eastern North America, and northern Asia. Atmospheric and 
ocean circulation patterns will evolve as Earth warms and will influence storm 
tracks and many other aspects of the weather. Global warming tilts the odds in 
favour of more warm days and seasons and fewer cold days and seasons. For 
example, across the continental United States in the 1960s there were more daily 
record low temperatures than record highs, but in the 2000s there were more than 
twice as many record highs as record lows. Another important example of tilting 
the odds is that over recent decades heat waves have increased in frequency in 
large parts of Europe, Asia and Australia. 
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How does climate change affect the strength and frequency of floods, 
droughts, hurricanes, and tornadoes? 
Earth’s lower atmosphere is becoming warmer and moister as a result of human-
emitted greenhouse gases. This gives the potential for more energy for storms and 

certain severe weather events. 
Consistent with theoretical 
expectations, heavy rainfall and 
snowfall events (which increase the 
risk of flooding) and heat waves are 
generally becoming more frequent. 
Trends in extreme rainfall vary from 
region to region: the most pronounced 
changes are evident in North America 
and parts of Europe, especially in 
winter. 

Attributing extreme weather events to 
climate change is challenging because 
these events are by definition rare and 

therefore hard to evaluate reliably, and are affected by patterns of natural climate 
variability. For instance, the biggest cause of droughts and floods around the world 
is the shifting of climate patterns between El Niño and La Niña events. On land, El 
Niño events favour drought in many tropical and subtropical areas, while La Niña 
events promote wetter conditions in many places, as has happened in recent years. 
These short-term and regional variations are expected to become more extreme in a 
warming climate. There is considerable uncertainty about how hurricanes are 
changing because of the large natural variability and the incomplete observational 
record. The impact of climate change on hurricane frequency remains a subject of 
ongoing studies. While changes in hurricane frequency remain uncertain, basic 
physical understanding and model results suggest that the strongest hurricanes 
(when they occur) are likely to become more intense and possibly larger in a 
warmer, moister atmosphere over the oceans. This is supported by available 
observational evidence in the North Atlantic. Some conditions favourable for 
strong thunderstorms that spawn tornadoes are expected to increase with warming, 
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but uncertainty exists in other factors that affect tornado formation, such as 
changes in the vertical and horizontal variations of winds. 

What is ocean acidification and why does it matter? 
Direct observations of ocean chemistry have shown that the chemical balance of 
seawater has shifted to a more acidic state (lower pH). Some marine organisms 

(such as corals and some shellfish) have 
shells composed of calcium carbonate, 
which dissolve more readily in acid. As the 
acidity of seawater increases, it becomes 
more difficult for them to form or maintain 
their shells. 

CO2 dissolves in water to form a weak acid, 
and the oceans have absorbed about a third 
of the CO2 resulting from human activities, 

leading to a steady decrease in ocean pH levels. With increasing atmospheric CO2, 
the chemical balance will change even more during the next century. Laboratory 
and other experiments show that under high CO2 and in more acidic waters, some 
marine species have misshapen shells and lower growth rates, although the effect 
varies among species. Acidification also alters the cycling of nutrients and many 
other elements and compounds in the ocean, and it is likely to shift the competitive 
advantage among species, with as-yet-to-be-determined impacts on marine 
ecosystems and the food web. 

If emissions of greenhouse gases were stopped, would the climate return to the 
conditions of 200 years ago? 
No. Even if emissions of greenhouse gases were to suddenly stop, Earth’s surface 
temperature would not cool and return to the level in the pre-industrial era for 
thousands of years. If emissions of CO2 stopped altogether, it would take many 
thousands of years for atmospheric CO2 to return to ‘pre-industrial’ levels due to 
its very slow transfer to the Deep Ocean and ultimate burial in ocean sediments. 
Surface temperatures would stay elevated for at least a thousand years, implying 
extremely long-term commitment to a warmer planet due to past and current 
emissions, and sea level would likely continue to rise for many centuries even after 
temperature stopped increasing. Significant cooling would be required to reverse 
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melting of glaciers and the Greenland ice sheet, which formed during past cold 
climates. The current CO2-induced warming of Earth is therefore essentially 
irreversible on human timescales. The amount and rate of further warming will 
depend almost entirely on how much more CO2 humankind emits. 
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