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Key Topic 1: Factors Contributing to a Changing Climate

Describe climate change and the process through which it occurs.

2. Outline the factors, bothnthropogenic and natural, which influence climate and climate

change.

Describe the major economic sectors that contribugggenhouse ga&HG) emissions.

Describe major energy sources and explain how eawtributes to climate change.

5. Outline indicates of climate change

Study Resources

Resource Title Source Located on

. . US Environmental Protection
Basics of Climate Change Agency, 2019 Pages ®
Causes of Climate Change Government of Canada, 2019 Pages 142
VIDEO: Climate Change 2022nmpacts, Intergovernmental Panel on Page 30; 14
Adaptation & Vulnerabilityi CLICK LINK Climate Change (IPCC), 2020 Minutes
Sector by sector: where do global greenhouse Our World in Data, Hannah

T o Pages 3136
emissions come from? Ritchie, 2020
Energy and the Environment Explained US Energy Information Pages 348

Administration, 2021

*Please Note: Hyperlinks found in text are not considered required regldavgeverincluded

video links areequired to watcl.

Study Resources begin on the next page e—



Basics of Climate Change

Learn about some of the key concepts related to climate change:

1 The Greenhouse Effect
Key Greenhouse Gases
Other Greenhouse Gases
Aerosols

Climate Feedback
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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:

1 Changing temperature and precipitation patterns <https://epa.gov/climate-
indicators/weather-climate>.* 2

1 Increases in ocean temperatures, sea level, and acidity
<https://epa.gov/climateindicators/oceans>.

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

1 Changes in the frequency, intensity, and duration of extreme weather events
<https://epa.gov/climate-indicators/weather-climate>.

9 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

The Greenhouse Effect

The Greenhouse Effect
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Some solar radiation
is reflected by the Some of the infrared radiation
4 Earth and the passes through the atmosphere.
‘ | atmosphere. Some is absorbed and re-emitted
: in all directions by greenhouse
J gas molecules.The effect of this
is to warm the Earth’s surface
o and the lower atmosphere.

Most radiation is absefbed
by the Earth’s surface

| Infrared radiation
and warms

is emitted by the
Earth’s surface.

The greenhouse effect helps trap heat from the sun, which keeps the temperature on earth
comfortable . But peopleds activiti es-trappirggreenfousegasesimg t he a
the atmosphere, causing the earth to warm up.

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

pl anetés systemackWwbhent Bankbaghhdédsesurface, it can ¢
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 figreenhouse gases. 0 They
war mer than it woul d ot her wi se be. rednhouss effpct, dc e s s, (
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.



Key Greenhouse Gases

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



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.®

For more information on greenhouse gases, see Greenhouse Gas Emissions
<https://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.® 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.” 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).



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.®
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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 Agreenhouse effectd. The gre
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

cominginoand | eaving the earthds climate system.
Smal | changes in the sunds energy that reaches the
since the Industrial Revolution, adding greenhouse gases has been over 50 times more powerful
than changesinthe Sun'sradiance. The additional greenhouse gases
have had a strong warming effect on earthés cl i mat

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
guantities 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
(épitive climate forcers') while others have a coo

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 i both greenhouse gases 1 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.

12



Figure 1. Global annual
mean temperature
difference from
pre-industrial conditions
(1850-1900) for five
global temperature data
sets. For details of the
data sets and plotting,
see Temperature data

in the Data set details
section at the end of this
report.

Global climate indicators

Global climate indicators' reveal the ways in
which the climate is changing and provide a
broad view of the climate at the global scale.
They are used to monitor the key components
of the climate system and describe the most
relevant changes in the composition of the
atmosphere, the heat that arises from the
accumulation of greenhouse gases (and
other factors), and the responses of the
land, ocean and ice to the changing climate.
These indicators include global mean surface
temperature, global ocean heat content, state
of ocean acidification, glacier mass balance,
Arctic and Antarctic sea-ice extent, global
CO, mole fraction and global mean sea level
and are discussed in detail in the sections
below. Further information on the data sets
used for each indicator can be found at the
end of this report.

A variety of baselines are used in this
report. For global mean temperature, the
baseline is 1850-1900, which is the baseline
used in the IPCC Special Report on Global
Warming of 1.5 °C as an approximation of
pre-industrial temperatures.? For greenhouse
gases, pre-industrial concentrations estimated
from ice cores for the year 1750 are used
as baselines.

For other variables and for temperature maps,
the WMO climatological standard normal

1981-2010 is used, where possible, as a base
period for consistent reporting of surface
measurements, satellite data and reanalyses.
For some indicators, it is not possible to use
this base period, either because there are
no measurements in the early part of the
period, or because a longer base period is
needed to calculate a representative average.
Where the base period used is different from
1981-2010, this is noted in the text or figure
captions, and more details are given in the
Data set details section.

TEMPERATURE

The global mean temperature for 2020 was
1.2 = 0.1 °C above the 1850-1900 baseline
(Figure 1), which places 2020 as one of the
three warmest years on record globally. The
WMO assessment is based on five global
temperature data sets (Figure 1). All five
of these data sets currently place 2020 as
one of the three warmest years on record.
The spread of the five estimates of the an-
nual global mean ranges between 1.15 °C
and 1.28 °C above pre-industrial levels (see
the baseline definition in the Global climate
indicators section). It is worth noting that
the Paris Agreement aims to hold the global
average temperature to well below 2 °C above
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2 http://www.ipcc.ch/sr15/
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pre-industrial levels and to pursue efforts to
limit the temperature increase to 1.5 °C above
pre-industrial levels®. Assessing the increase
in global temperature in the context of climate
change refers to the long-term global average
temperature, not to the averages for individual
years or months.

The warmest year on record to date, 2016,
began with an exceptionally strong EIl Nifo,
a phenomenon which contributes to elevat-
ed global temperatures. Despite neutral or
comparatively weak El Nifo conditions early
in 2020* and La Nina conditions developing
by late September,® the warmth of 2020 was
comparable to that of 2016.

With 2020 being one of the three warmest
years on record, the past six years, 2015-2020,
were the six warmest on record. The last
five-year (2016-2020) and 10-year (2011-2020)
averages were also the warmest on record.

Although the overall warmth of 2020 is clear,
there were variations in temperature anom-
alies across the globe (Figure 2). While most

0 05 10 20 30 50 100 °C

G CECMWF

land areas were warmer than the long-term
average (1981-2010), one area in northern
Eurasia stands out with temperatures of more
than five degrees above average (see The
Arcticin 2020). Other notable areas of warmth
included limited areas of the south-western
United States, the northern and western parts
of South America, parts of Central America,
and wider areas of Eurasia, including parts
of China. For Europe, 2020 was the warmest
year on record. Areas of below-average tem-
peratures on land included western Canada,
limited areas of Brazil, northern India, and
south-eastern Australia.

Over the ocean, unusual warmth was ob-
served in parts of the tropical Atlantic and
Indian Oceans. The pattern of sea-surface
temperature anomalies in the Pacific is charac-
teristic of La Nina, having cooler-than-average
surface waters in the eastern equatorial
Pacific surrounded by a horseshoe-shaped
band of warmer-than-average waters, most
notably in the North-East Pacific and along
the western edge of the Pacific from Japan
to Papua New Guinea.

8 https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement

* https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php

5 http://www.bom.gov.au/climate/enso/wrap-up/archive/20200929.archive.shtml
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Figure 2. Temperature
anomalies relative to
the 1981-2010 long-term
average from the ERAS
reanalysis for 2020.
Source: Copernicus
Climate Change Service,
European Centre for
Medium-Range Weather
Forecasts (ECMWF)
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