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Key Topic 1: Factors Contributing to a Changing Climate 

1. Describe climate change and the process through which it occurs. 

2. Outline the factors, both anthropogenic and natural, which influence climate and climate 

change. 

3. Describe the major economic sectors that contribute to greenhouse gas (GHG) emissions. 

4. Describe major energy sources and explain how each contributes to climate change. 

5. Outline indicators of climate change. 

 

Study Resources 

Resource Title Source Located on 

Basics of Climate Change 
US Environmental Protection 

Agency, 2019 
Pages 4-9 

Causes of Climate Change  Government of Canada, 2019  Pages 10-12 

VIDEO: Climate Change 2022: Impacts, 

Adaptation & Vulnerability ï CLICK LINK  

Intergovernmental Panel on 

Climate Change (IPCC), 2020 

Page 30; 14 

Minutes 

Sector by sector: where do global greenhouse 

emissions come from? 

Our World in Data, Hannah 

Ritchie, 2020 
Pages 31-36 

Energy and the Environment Explained  
US Energy Information 

Administration, 2021 
Pages 37-48 

 

*Please Note: Hyperlinks found in text are not considered required reading; however, included 

video links are required to watch.*  

 

 

Study Resources begin on the next page                
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Basics of Climate Change 
Learn about some of the key concepts related to climate change: 

¶ The Greenhouse Effect 

¶ Key Greenhouse Gases 

¶ Other Greenhouse Gases 

¶ Aerosols 

¶ Climate Feedback 

 

How is the Climate Changing in the United States? 

Observations across the United States and world provide multiple, independent lines of 

evidence that climate change is happening now. Learn More About Climate Change 

Indicators <https://epa.gov/climate-indicators> >> 

 

The earth's climate is changing. Multiple lines of evidence show changes in our weather, 

oceans, and ecosystems, such as: 

¶ Changing temperature and precipitation patterns <https://epa.gov/climate-

indicators/weather-climate>.1 2 

¶ Increases in ocean temperatures, sea level, and acidity 

<https://epa.gov/climateindicators/oceans>. 

¶ Melting of glaciers and sea ice <https://epa.gov/climate-indicators/snow-ice>.3  

¶ Changes in the frequency, intensity, and duration of extreme weather events 

<https://epa.gov/climate-indicators/weather-climate>. 

¶ Shifts in ecosystem characteristics <https://epa.gov/climate-indicators/ecosystems>, like the 

length of the growing season, timing of flower blooms, and migration of birds. 

These changes are due to a buildup of greenhouse gases in our atmosphere and the warming of 

the planet due to the greenhouse effect. 

https://www.epa.gov/climate-indicators
https://www.epa.gov/climate-indicators
https://www.epa.gov/climate-indicators
https://www.epa.gov/climate-indicators
https://www.epa.gov/climate-indicators
https://www.epa.gov/climate-indicators
https://www.epa.gov/climate-indicators
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/oceans
https://www.epa.gov/climate-indicators/oceans
https://www.epa.gov/climate-indicators/oceans
https://www.epa.gov/climate-indicators/snow-ice
https://www.epa.gov/climate-indicators/snow-ice
https://www.epa.gov/climate-indicators/snow-ice
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/weather-climate
https://www.epa.gov/climate-indicators/ecosystems
https://www.epa.gov/climate-indicators/ecosystems
https://www.epa.gov/climate-indicators/ecosystems
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The Greenhouse Effect 

 
The greenhouse effect helps trap heat from the sun, which keeps the temperature on earth 

comfortable. But peopleôs activities are increasing the amount of heat-trapping greenhouse gases in 

the atmosphere, causing the earth to warm up. 

The earth's temperature depends on the balance between energy entering and leaving the 

planetôs system. When sunlight reaches the earthôs surface, it can either be reflected back into 

space or absorbed by the earth. Incoming energy that is absorbed by the earth warms the 

planet. Once absorbed, the planet releases some of the energy back into the atmosphere as 

heat (also called infrared radiation). Solar energy that is reflected back to space does not warm 

the earth. 

Certain gases in the atmosphere absorb energy, slowing or preventing the loss of heat to space. 

Those gases are known as ñgreenhouse gases.ò They act like a blanket, making the earth 

warmer than it would otherwise be. This process, commonly known as the ñgreenhouse effect,ò 

is natural and necessary to support life. However, the recent buildup of greenhouse gases in the 

atmosphere from human activities has changed the earth's climate and resulted in dangerous 

effects to human health and welfare and to ecosystems. 
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Key Greenhouse Gases 

Most of the warming since 1950 has been caused by human emissions of greenhouse gases.4 

Greenhouse gases come from a variety of human activities, including burning fossil fuels for 

heat and energy, clearing forests, fertilizing crops, storing waste in landfills, raising livestock, 

and producing some kinds of industrial products. 

Carbon Dioxide 

Carbon dioxide is the primary greenhouse gas contributing to recent climate change. Carbon 

dioxide enters the atmosphere through burning fossil fuels, solid waste, trees, and other 

biological materials, and as a result of certain chemical reactions, such as cement 

manufacturing. Carbon dioxide is absorbed and emitted naturally as part of the carbon cycle, 

through plant and animal respiration, volcanic eruptions, and ocean atmosphere exchange. 

The Carbon Cycle 

The carbon cycle is the process by which carbon continually moves from the atmosphere 

to the earth and then back to the atmosphere. On the earth, carbon is stored in rocks, 

sediments, the ocean, and in living organisms. Carbon is released back into the 

atmosphere when plants and animals die, as well as when fires burn, volcanoes erupt, and 

fossil fuels (such as coal, natural gas, and oil) are combusted. The carbon cycle ensures 

there is a balanced concentration of carbon in the different reservoirs on the planet. But a 

change in the amount of carbon in one reservoir affects all the others. Today, people are 

disturbing the carbon cycle by burning fossil fuels, which release large amounts of carbon 

dioxide into the atmosphere, and through land use changes that remove plants, which 

absorb carbon from the atmosphere. 

 

Methane 

Both natural and human activities produce methane. For example, natural wetlands, agricultural 

activities, and fossil fuel extraction and transport all emit methane. 

Nitrous Oxide 

Nitrous oxide is produced mainly through agricultural activities and natural biological processes. 

Fossil fuel burning and industrial processes also create nitrous oxide. 
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F-Gases 

Chlorofluorocarbons, hydrochlorofluorocarbons, hydrofluorocarbons, perfluorocarbons, and 

sulfur hexafluoride, together called F-gases <https://epa.gov/ghgemissions/overview-greenhouse-

gases#f-gases>, are often used in coolants, foaming agents, fire extinguishers, solvents, 

pesticides, and aerosol propellants. 

 

Global Warming Potential 

Different greenhouse gases can remain in the atmosphere for different amounts of time, 

ranging from a few years to thousands of years. In addition, some gases are more 

effective than others at making the planet warmer. Learn more about Global Warming 

Potential (GWP) <https://epa.gov/ghgemissions/understanding-globalwarming-potentials>, 

a measure of climate impacts based on how long each greenhouse gas remains in the 

atmosphere and how strongly it absorbs energy. 

 

Other Greenhouse Gases 

Ground-Level Ozone 

Ground-level ozone <https://epa.gov/ground-level-ozone-pollution> is created by a chemical 

reaction between emissions of nitrogen oxides and volatile organic compounds from 

automobiles, power plants, and other industrial and commercial sources in the presence of 

sunlight. In addition to trapping heat, ground-level ozone is a pollutant that can cause 

respiratory health problems and damage crops and ecosystems. 

Water Vapor 

Water vapor is another greenhouse gas and plays a key role in climate feedbacks because of its 

heat-trapping ability. Warmer air holds more moisture than cooler air. Therefore, as greenhouse 

gas concentrations increase and global temperatures rise, the total amount of water vapor in the 

atmosphere also increases, further amplifying the warming effect.5 

For more information on greenhouse gases, see Greenhouse Gas Emissions 

<https://epa.gov/ghgemissions>. 

 

https://www.epa.gov/ghgemissions/overview-greenhouse-gases#f-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#f-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#f-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#f-gases
https://www.epa.gov/ghgemissions/overview-greenhouse-gases#f-gases
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
https://www.epa.gov/ground-level-ozone-pollution
https://www.epa.gov/ground-level-ozone-pollution
https://www.epa.gov/ghgemissions
https://www.epa.gov/ghgemissions
https://www.epa.gov/ghgemissions
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Aerosols 

Aerosols in the atmosphere can affect climate. Aerosols are microscopic (solid or liquid) 

particles that are so small that instead of quickly falling to the surface like larger particles, they 

remain suspended in the air for days to weeks. Human activities, such as burning fossil fuels 

and biomass, contribute to emissions of these substances, although some aerosols also come 

from natural sources such as volcanoes and marine plankton. 

Unlike greenhouse gases, the climate effects of aerosols vary depending on what they are made 

of and where they are emitted. Depending on their color and other factors, aerosols can either 

absorb or reflect sunlight. Aerosols that reflect sunlight, such as particles from volcanic eruptions 

or sulfur emissions from burning coal, have a cooling effect. Those that absorb sunlight, such as 

black carbon (a part of soot), have a warming effect. 

Not only can black carbon directly absorb incoming and reflected sunlight, but it can also absorb 

infrared radiation.6 Black carbon can also be deposited on snow and ice, darkening the surface 

and thereby increasing the snow's absorption of sunlight and accelerating melt.7 While 

reductions in all aerosols can lead to more warming, targeted reductions in black carbon 

emissions can reduce global warming. Warming and cooling aerosols can also interact with 

clouds, changing their ability to form and dissipate, as well as their reflectivity and precipitation 

rates. Clouds can contribute both to cooling, by reflecting sunlight, and warming, by trapping 

outgoing heat. 

 

Climate Feedbacks 

Climate feedbacks are natural processes that respond to global warming by setting or further 

increasing change in the climate system. Feedbacks that set the change in climate are called 

negative feedbacks. Feedbacks that amplify changes are called positive feedbacks. 

Water vapor appears to cause the most important positive feedback. As the earth warms, the 

rate of evaporation and the amount of water vapor in the air both increase. Because water vapor 

is a greenhouse gas, this leads to further warming. 

The melting of Arctic sea ice is another example of a positive climate feedback. As 

temperatures rise, sea ice retreats. The loss of ice exposes the underlying sea surface, which is 

darker and absorbs more sunlight than ice, increasing the total amount of warming. Less snow 

cover during warm winters has a similar effect. 

Clouds can have both warming and cooling effects on climate. They cool the planet by 

reflecting sunlight during the day, and they warm the planet by slowing the escape of heat to 

space (this is most apparent at night, as cloudy nights are usually warmer than clear nights). 
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Climate change can lead to changes in the coverage, altitude, and reflectivity of clouds. These 

changes can then either amplify (positive feedback) or dampen (negative feedback) the original 

change. The net effect of these changes is likely an amplifying, or positive, feedback due mainly 

to increasing altitude of high clouds in the tropics, which makes them better able to trap heat, 

and reductions in coverage of lower-level clouds in the mid-latitudes, which reduces the amount 

of sunlight they reflect. The magnitude of this feedback is uncertain due to the complex nature 

of cloud/climate interactions.8 
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Causes of climate change 
 

What is the most important cause of climate change? 

Human activity is the main cause of climate change. People burn fossil fuels and convert land 

from forests to agriculture. Since the beginning of the Industrial Revolution, people have burned 

more and more fossil fuels and changed vast areas of land from forests to farmland. 

Burning fossil fuels produces carbon dioxide, a greenhouse gas. It is called a greenhouse gas 

because it produces a ñgreenhouse effectò. The greenhouse effect makes the earth warmer, just 

as a greenhouse is warmer than its surroundings. 

Carbon dioxide is the main cause of human-induced climate change. 

It stays in the atmosphere for a very long time. Other greenhouse gases, such as nitrous oxide, 

stay in the atmosphere for a long time. Other substances only produce short-term effects. 

Not all substances produce warming. Some, like certain aerosols, can produce cooling. 

What are climate forcers? 

Carbon dioxide and other substances are referred to as climate forcers because they force or 

push the climate towards being warmer or cooler. They do this by affecting the flow of energy 

coming into and leaving the earthôs climate system. 

Small changes in the sunôs energy that reaches the earth can cause some climate change. But 

since the Industrial Revolution, adding greenhouse gases has been over 50 times more powerful 

than changes in the Sun's radiance. The additional greenhouse gases in earthôs atmosphere 

have had a strong warming effect on earthôs climate. 

Future emissions of greenhouse gases, particularly carbon dioxide, will determine how much 

more climate warming occurs. 

What can be done about climate change? 

Carbon dioxide is the main cause of human-induced global warming and associated climate 

change. It is a very long-lived gas, which means carbon dioxide builds up in the atmosphere with 

ongoing human emissions and remains in the atmosphere for centuries. Global warming can only 

be stopped by reducing global emissions of carbon dioxide from human fossil fuel combustion 

and industrial processes to zero, but even with zero emissions, the global temperature will remain 
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essentially constant at its new warmer level. Emissions of other substances that warm the climate 

must also be substantially reduced. This indicates how difficult the challenge is. 

What is climate change? 

Climate change is a long-term shift in weather conditions identified by changes in temperature, 

precipitation, winds, and other indicators. Climate change can involve both changes in average 

conditions and changes in variability, including, for example, extreme events. 

The earth's climate is naturally variable on all time scales. However, its long-term state and 

average temperature are regulated by the balance between incoming and outgoing energy, which 

determines the Earth's energy balance. Any factor that causes a sustained change to the amount 

of incoming energy or the amount of outgoing energy can lead to climate change. Different 

factors operate on different time scales, and not all of those factors that have been responsible 

for changes in earth's climate in the distant past are relevant to contemporary climate change. 

Factors that cause climate change can be divided into two categories - those related to natural 

processes and those related to human activity. In addition to natural causes of climate change, 

changes internal to the climate system, such as variations. 

In ocean currents or atmospheric circulation, can also influence the climate for short periods of 

time. This natural internal climate variability is superimposed on the long-term forced climate 

change. 

Does climate change have natural causes? 

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. Of these, 

the two factors relevant on timescales of contemporary climate change are changes in volcanic 

activity and changes in solar radiation. In terms of the Earth's energy balance, these factors 

primarily influence the amount of incoming energy. Volcanic eruptions are episodic and have 

relatively short-term effects on climate. 

Changes in solar irradiance have contributed to climate trends over the past century but 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. 

Human causes 

Climate change can also be caused by human activities, such as the burning of fossil fuels and 

the conversion of land for forestry and agriculture. Since the beginning of the Industrial 

Revolution, these human influences on the climate system have increased substantially. In 

addition to other environmental impacts, these activities change the land surface and emit various 

substances to the atmosphere. These in turn can influence both the amount of incoming energy 

and the amount of outgoing energy and can have both warming and cooling effects on the 

climate.  The dominant product of fossil fuel combustion is carbon dioxide, a greenhouse gas. 

The overall effect of human activities since the Industrial Revolution has been a warming effect, 
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driven primarily by emissions of carbon dioxide and enhanced by emissions of other greenhouse 

gases. 

The build-up of greenhouse gases in the atmosphere has led to an enhancement of the natural 

greenhouse effect.  It is this human-induced enhancement of the greenhouse effect that is of 

concern because ongoing emissions of greenhouse gases have the potential to warm the planet 

to levels that have never been experienced in the history of human civilization. Such climate 

change could have far-reaching and/or unpredictable environmental, social, and economic 

consequences. 

Short-lived and long-lived climate forcers 

Carbon dioxide is the main cause of human-induced climate change. It has been emitted in vast 

quantities from the burning of fossil fuels and it is a very long-lived gas, which means it continues 

to affect the climate system during its long residence time in the atmosphere. However, fossil fuel 

combustion, industrial processes, agriculture, and forestry-related activities emit other substances 

that also act as climate forcers. Some, such as nitrous oxide, are long-lived greenhouse gases 

like carbon dioxide, and so contribute to long-term climate change. Other substances have 

shorter atmospheric lifetimes because they are removed fairly quickly from the atmosphere. 

Therefore, their effect on the climate system is similarly short-lived. Together, these short-lived 

climate forcers are responsible for a significant amount of current climate forcing from 

anthropogenic substances. Some short-lived climate forcers have a climate warming effect 

(ópositive climate forcers') while others have a cooling effect (ónegative climate forcers'). 

If atmospheric levels of short-lived climate forcers are continually replenished by ongoing 

emissions, these continue to exert a climate forcing. However, reducing emissions will quite 

quickly lead to reduced atmospheric levels of such substances. A number of short-lived climate 

forcers have climate warming effects and together are the most important contributors to the 

human enhancement of the greenhouse effect after carbon dioxide. This includes methane and 

tropospheric ozone ï both greenhouse gases ï and black carbon, a small solid particle formed 

from the incomplete combustion of carbon-based fuels (coal, oil and wood for example). 

Other short-lived climate forcers have climate cooling effects, most notably sulphate aerosols. 

Fossil fuel combustion emits sulphur dioxide into the atmosphere (in addition to carbon dioxide) 

which then combines with water vapour to form tiny droplets (aerosols) which reflect sunlight. 

Sulphate aerosols remain in the atmosphere for only a few days (washing out in what is referred 

to as acid rain), and so do not have the same longterm effect as greenhouse gases. The cooling 

from sulphate aerosols in the atmosphere has, however, offset some of the warming from other 

substances. That is, the warming we have experienced to date would have been even larger had 

it not been for elevated levels of sulphate aerosols in the atmosphere. 
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