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HOW WE KNOW

Scientists understand the climate system through
interdisciplinary observations and modeling.

CAUSES

Burning fossil fuels and other human
activities are causing the planet to warm.

Q

EQUITY

Climate justice is possible if climate
actions are equitable.

MITIGATION

Reducing emissions of greenhouse gases
from human activities to net zero by 2050
can help limit global warming and climate

change impacts.

CLIMATE CHANGE
Greenhouse gases shape Earth’s climate.

IMPACTS

Rapid warming and other large-scale climate
changes threaten human and ecological systems.

ADAPTATION

Humans can adapt social, built, and natural
environments to better withstand the impacts
of climate change.

HOPE AND URGENCY

Alivable and sustainable future for all is
possible with rapid, just, and transformational
climate action.

)
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About this guide

Climate Literacy: Essential Principles for
Understanding and Addressing Climate Change
presents information that is important for
individuals and communities to know and
understand about Earth’s climate, the impacts
of climate change, and solutions. Principles in
the guide can serve as discussion-starters or
launching points for learning about the climate
crisis and what’s being done to address it across
the world. The guide aims to promote greater
climate literacy by providing this educational
and communication framework of principles
and concepts.

To download this guide and related documents,
see globalchange.gov/reports/climate-
literacy-guide-third-edition and
climate.gov/climateliteracy.

The bolded words throughout this guide are
defined in the key definitions section.

Artist’s statement: “This piece shows an Indigenous view
of the Earth system. Human beings, grouped as family and
community, are an integral but not superior part of the
system. There are seven people, indicating the Seventh
Generation Principle that our decisions should cultivate

a sustainable world seven generations into the future.”
Artist Star Horn is a Kanien’keha:ka (“People of the Flint”
aka “Mohawk”) woman born and raised in Kahnawake in
Quebec, Canada.

CREDIT: Star Horn, Unity
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This guide is a starting point; it provides a framework for what climate
literacy comprises. The guide complements other guides and related
educational materials, including:

+ Ocean Literacy: Essential Principles and Fundamental
Concepts of Ocean Sciences for Learners of All Ages (2024)

« Energy Literacy: Essential Principles and Fundamental
Concepts for Energy Education (2017)

« A Framework for K-12 Science Education (2012)

What is climate literacy and why
does it matter?

Climate literacy is an understanding of how the climate system works,
how human actions influence climate, and how climate influences

Youth leaders with Action for the Climate Emergency at a climate
action workshop in New York City.
CREDIT: Action for the Climate Emergency people and other parts of the Earth system.

Climate literacy is important because people who understand the
processes, causes, and effects of climate change are better able to

WhO iS thiS guide fOlf? assess evidence and claims about evidence, discuss options to manage

risks, and take well-informed actions.

This guide is written with educators, communicators, and decision-
makers in mind. It may be helpful in structuring curricula; assessing
gains in people’s knowledge and understanding; stimulating dialogue

A climate-literate person:

among people with different interests, skills, and perspectives; and « understands the essential principles of Earth’s climate system

informing climate-related decisions and policies. and the options to address human-caused climate change, which
are summarized in this guide;

The guide is also written for anyone who wants to understand how « recognizes credible information about climate change and knows

human activities are changing the climate, how climate change where to find it;

impacts people and our planet, and what can be done about it. This « communicates about climate change in accurate and effective

guide applies primarily to the United States, although many of its ways; and

findings and resources can be applied broadly. « is able to make informed decisions related to climate change.
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https://www.nationalacademies.org/projects/DBASSE-CFE-09-16/publication/13165

A climate-literate society is better able to develop and implement
effective climate solutions that benefit all. Studies show that improving
climate literacy can accelerate behavioral changes and climate-related
planning. Incorporating scientific concepts as well as Indigenous and
local knowledges in communication and education can improve climate
literacy and make climate actions more effective.

Being climate-literate does not require understanding all the
complexities of climate science. People with a basic understanding can
communicate effectively about climate change and work within their
communities to design and implement solutions that address climate
change and related social, economic, and environmental challenges.

People who are climate-literate recognize that there are social, histori-
cal, ethical, legal, economic, psychological, and political dimensions
of climate change. They know that various societies, cultures, and
traditions have different ways of understanding, documenting, and
interpreting changes in the environment and their underlying causes;
that the impacts of climate change do not affect everyone equally; and
that actions taken now to accelerate emissions reductions and adapt
to ongoing changes can reduce risks to current and future generations.

The expanding focus of climate
literacy

The Climate Literacy Guide was first published in 2008 by the U.S.
Global Change Research Program, and was updated in 2009. This third
edition of the guide reflects recent advances in our understanding of the
climate challenge. As a result, this guide’s definition of climate literacy
now incorporates other types of knowledge about the climate system,

in addition to physical climate science. The term now includes local

%,

O

The Wild Center’s Climate Solutions exhibit, funded by the Institute for Library
and Museum Services, shares hopeful stories from the Adirondacks in New York
State and interactive examples of ways to mitigate climate change.

CREDIT: The Wild Center

and Indigenous Knowledges, social and cultural contexts, the social
sciences, climate solutions, and climate justice concepts.

This 2024 edition is built on the most up-to-date climate assessments
at the time of publication: the United States’ Fifth National Climate
Assessment (November 2023) and the Intergovernmental Panel

on Climate Change Sixth Assessment Report (2021-2023). These
assessments acknowledge that there are many ways to understand
climate change.
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The scientific disciplines of physics,
chemistry, and biology inform our
understanding of the Earth system,
underpinning our knowledge in Earth
science, atmospheric science, and ocean-
ography. All these disciplines help us
understand changes to the climate and
ecosystems.

« Insights from scientific disciplines

including public health, anthropology,
geography, economics, engineering, and
political science provide essential under-
standing of how human actions impact
climate, how climate impacts diverse
communities and their environments, and
how we can respond to climate change.

« Indigenous Knowledges from many

communities and cultures include

long-standing and rigorous observations,

valuable insights, and historically proven

practices that support understanding of

climate change.

>> Learn more about Indigenous
Knowledges and climate change

+ Local or place-based knowledge, which
is developed and shared by residents or
land managers based on lived experience
or professional expertise, can provide
important information about local climate
change impacts and the efficacy of poten-
tial solutions.

« Practical knowledge from the private
sector provides insights into the potential
of sector-based practices for addressing
climate change.

Artist’s statement: “This painting is about the effects of
human-caused climate change and sea level rise on island
and coastal populations. The people trapped within the
composition, like fish in an aquarium, are disproportion-
ately affected but not responsible for their circumstance.
This piece was inspired by the noticeable effects of climate
change in Polynesia. | witnessed eroding coastal areas and
areduced ability to provide agricultural subsistence due
to saltwater infiltration when | returned to Samoa after

25 years.”

CREDIT: James Keul, Art x Climate, Fish in Troubled Waters
(2013, oil on canvas)
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What is climate change and why is it often called a crisis?

Our planet is warming at an unusually rapid rate compared to changes
over the past 2,000 years. This global warming is unequivocally caused
by emissions of greenhouse gases from human activities, mainly from
burning fossil fuels (such as coal, oil, and natural gas) for transportation
and energy. Global warming and related climate changes are, in turn,
causing increasingly severe and harmful impacts on people and the
ecosystems that support us, with worsening effects on our health,
safety, security, and prosperity.

Climate change is often called a challenge or crisis due to the severity of
its impacts, the urgency of implementing solutions, and the complexity
of the problem. Climate change is already intensifying pressure on
physical infrastructure and the social, economic, and political systems
we rely on, in addition to threatening the health and well-being of
humans and all life on Earth.

Some future climate changes are unavoidable and/or irreversible, such
as ice sheet loss and permanent flooding of coastal areas, but can be
limited by large and rapid cuts in global greenhouse gas emissions.
Urgent action to cut emissions and expand adaptation in this decade

is key to minimizing impacts on people and ecosystems. Rapid action
would also deliver many benefits, especially for air quality and health.
These transitions would involve large-scale technological, infrastructure,
land-use, and behavioral changes and shifts in governance structures.

The greenhouse gases released by human activities include carbon
dioxide (CO,), methane (CH,), nitrous oxide (N,0), and fluorinated gases.
Increasing the amount of greenhouse gases in the atmosphere causes
our planet to warm, with far-ranging effects on the climate system.

i

Artist’s statement: “This piece was painted after the devastation of Hurricane Maria in Puerto
Rico. The reality of the climate crisis and its impact on those experiencing poverty was visually
clearin the reference photo | used. As | painted, | connected even more with the violence and
rawness of the losses Puerto Ricans faced. My intention in painting is to stir up the empathy in
others. This woman’s vibrant clothes and home seem to defy the hopelessness of her stance
and circumstance. | don’t want her to feel alone in this crisis.”

CREDIT: Mia Merlin, Art x Climate, Maria (2017, oil on paper)

©
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Homes on the Florida coast are threatened by sea level rise and increasing
extreme weather as Florida is hit by the most hurricanes of any state.
CREDIT: Aerial_Views/E+/Getty Images Plus, Smithsonian Institution

Climate change has widespread consequences for the health and
well-being of people and ecosystems, including more frequent and
severe flooding, drought, damaging storms, and wildfires; changes in
food availability and crop-growing patterns; threats to water supplies;
and increases in vector-borne diseases, mental health challenges, and
heat-related illnesses and deaths. Together, these consequences can
also worsen risks to our national security.

©

Although some people and places may experience limited or short-term
benefits from climate change, adverse impacts already outweigh most
positive effects and will increasingly eclipse any benefits as warming
continues.

While climate change affects us all, the consequences are not the same
for everyone. Some individuals and communities face higher health risks
depending on factors such as their age, where they work or live, their
access to resources, and preexisting health conditions. These factors are
shaped by social and economic contexts. For example, low-income com-
munities and communities of color face more severe risks and harms
because they are more likely to live or work in places that are exposed

to climate hazards, and often have fewer resources to respond to the
impacts. In rural areas, these risks can be even higher due to lack of
resources or infrastructure to adapt. Younger people will also face
increasing burdens from climate change throughout their lifetimes.
Understanding how and why people experience climate change impacts
differently, and how social and cultural contexts shape their capacity to
respond, is an important part of climate literacy.

International efforts to limit global
warming

Through the Paris Agreement, nearly every country has joined a
collective goal of limiting global warming to “well below 2°C above
pre-industrial levels” and pursuing efforts to “limit the temperature
increase to 1.5°C above pre-industrial levels.” This builds on the
objective of the United Nations Framework Convention on Climate
Change of stabilizing “greenhouse gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference with
the climate system.”
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World leaders celebrate the adoption of the Paris Agreement at the 21st United Nations Climate Change
Conference (COP21) in 2015. The United Nations climate change process seeks to advance international
efforts to mitigate climate change and address its adverse effects.

CREDIT: U.S. Department of State

These global warming thresholds refer to the global surface temperature difference in global average surface temperature represents a significant

averaged over many decades. In order to pass the thresholds stated in change in the Earth system—and the temperatures and climate impacts
the Paris Agreement, the long-term average of the global surface that people and the environment experience.

temperature must exceed 1.5°C (2.7°F) or 2°C (3.6°F) of warming. It is to

be expected that temperatures on individual days, months, and years Reaching an increase of 1.5°C or higher temperatures introduces higher
will pass these marks before the long-term average does. Even a small risk. The more the planet warms, the greater the risk to human health as

)
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Panelists engage in climate discussions at the Dubai Youth Climate Dialogue + Youth
Stocktake Outcomes Launch during the 28th United Nations Climate Change Conference
(COP28) in Dubai in 2023.

CREDIT: COP28, Photo by Anthony Fleyhan
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well as to our built and natural environments
and the ecosystems we depend on. In

setting these goals, countries recognized that
limiting warming would significantly reduce
risks and impacts. Scientists warn that with-
out rapid, large-scale action to reduce global
emissions of greenhouse gases, the world is
likely to reach these temperature levels in the
near term. Every increment of warming that
the world avoids reduces risks from climate
change.

Limiting global warming requires net-zero
carbon dioxide emissions globally: where
emissions fall to zero, or remaining emissions
are balanced by removal of carbon from the
atmosphere. To keep warming well below 2°C
(3.6°F), global carbon dioxide emissions would
need to reach net zero around 2050, along
with substantial reductions of emissions of
all greenhouse gases. The current scale and
rate of action is not keeping pace with what is
needed to limit warming to 1.5°C (2.7°F) or to
adequately manage climate risks.

Reaching net zero will require transformative
action worldwide to both reduce emissions
and develop new capacity to remove carbon
from the atmosphere. Across all sectors of the
economy in the United States, options to
reduce emissions are economically feasible
now. However, reaching net-zero emissions
by 2050 cannot be achieved without exploring
additional mitigation options through
research and development.



&
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Artist’s statement: “The Isle de Jean
Charles Band of Biloxi-Chitimacha-
Choctaw Tribe are widely recognized

as having been displaced by climate
change. Their home, the Isle de Jean
Charles in Terrebonne Parish, Louisiana
is no longer habitable, and they are
being forced to relocate. There has been
a long history of relocation for people
who face racial discrimination and deep
economic inequality. Those groups

are also usually the first to experience
climate change. The map marks their
former home and includes lines of

gas and oil, population density, and
elevation.”

CREDIT: Changsong Li, Art x Climate,
Used to be: Isle de Jean Charles

(2023, digital)



Essential Principles for Understanding

and Addressing Climate Change

ESSENTIAL
PRINCIPLE

" HOW WE KNOW gy

Scientists understand
the climate system
through interdisciplinary
observations and

modeling.

A. Climate is not the same thing as weather. Weather is the minute-
by-minute condition of the atmosphere (such as temperature
and precipitation) on a local scale. Climate is the long-term
average weather conditions of an area. The term climate change
refers to significant and persistent change in an area’s average
climate conditions or their extremes.
>> Learn more about climate science

B. The components and processes of Earth’s climate system are
governed by the laws of science. Therefore, the behavior of the
climate system can be understood and modeled through careful,
systematic study. Our understanding of the climate system will
only continue to improve as science advances.
>> Learn more about recent advancements in climate science

C. To learn about how climate has changed in the distant past,
scientists use natural records, such as tree rings, ice cores,
and sedimentary layers. Indigenous Knowledges and historical
observations such as personal journals also document past
climate change.

D. Scientific observations indicate that the global climate varies
over time; it has changed in the past, is changing now, and will
change in the future. The natural processes driving Earth’s
long-term climate variability, such as changes in solar energy
reaching Earth, do not explain the rapid climate change observed
in recent decades. The only credible explanation for recent
climate change is human activities.
>> Learn more about how natural causes alone do not explain

climate change
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Artist’s statement: “Climate change
has compressed and conflated human
and geologic time scales, making it
essential to find ways to conceptualize
‘deep time.’ This work seeks to make
notions of deep time comprehensible
through visual exploration of glacier
ice, as well as other earthly archives.
This project includes intimate collab-
orations with paleoclimatologists by
having them annotate directly onto my
photographic prints—a contemporary
taxonomy of ice and climate. This
portrait was photographedin a cold/
clean lab at Montana State University.
Theice shown is 10,827 (left side) to
10,833 yearsold.”

CREDIT: lan Van Coller, Art x Climate,
Dr. Avila Holding Cut Antarctic Icecore
(2017, pigment print on washi with
annotations)

E. The magnitude and trends of climate change are not the same at tipping points increases as climate change intensifies. Ecosystems,
all locations on Earth. For example, the land warms faster than ice sheets, and ocean currents may all have tipping points.
the ocean, and the polar regions warm faster than the tropics. >> Learn more about tipping points

F. Research into past climate changes has shown that there are G. Climate models have been constructed using observational data
parts of the Earth system that change gradually until they reach and physical laws. These models can project a range of potential
a tipping point, after which they change more quickly. Some future climate conditions that result from different assumptions
of these changes may be irreversible. The risk of crossing these about the future, such as the amount of greenhouse gas

)
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emissions. Models that include both human and natural systems
examine how climate impacts cascade across sectors and scales
and, in turn, how human systems and choices influence climate.
>> Learn more about climate modeling

H. Integrated approaches that bring together knowledge from many
contexts and areas of study are essential to understanding the
full picture of climate change. Considering the perspective of only
a single sector, topic, or region may cause climate impacts or
solutions to be overlooked.
>> Learn more about interdisciplinary climate research

I. Coproduced climate change research projects integrate both
community-based and science-based insights and solutions to
climate change. Coproduced research often includes experts
within relevant knowledge contexts, such as Indigenous
Knowledge holders or multi-generational farming communities.
This kind of research can give rise to community-based
climate solutions.

>> Learn more about coproduction of climate research

A citizen scientist measures precipitation after a very
long summer drought over a two-day period in Alberta,

Canada. Citizen science involves the public and aids in
bridging the gap between communities and scientists
to make informed decisions.

CREDIT: Susan Risk
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Essential Principles for Understanding

and Addressing Climate Change

A. Nearly all the energy that flows through the Earth system comes
from sunlight. Earth’s climate is determined by the movement of
energy through the Earth system—the ocean, atmosphere, clouds,
ice, land, and life—and also includes energy and heat produced by
humans and human activity.

ESSENTIAL } St e - >> Learn more about Earth’s energy balance
PRINCIPLE §- =

B. Some of the sunlight that reaches Earth is reflected back to
space by Earth’s atmosphere and surface, but about 70% of it is
absorbed by the atmosphere, land, and ocean. The warmed
Earth radiates heat back into the atmosphere, where the heat is
absorbed by greenhouse (also known as heat-trapping) gases

Greenhouse gases that radiate some of this heat back toward Earth. This leads to
shape Earth’s climate. tf: o:erall heating of Earth’s surface—known as the greenhouse
effect.

>> Learn more about the greenhouse effect

C. Greenhouse gases added to the atmosphere by human activities
intensify the greenhouse effect and drive global warming.
The greenhouse gases produced by human activities include
carbon dioxide (CO,), methane (CH,), nitrous oxide (N,0), and
fluorinated gases.
>> Learn more about greenhouse gas emissions

D. Water vapor (H,0) also traps heat, and a warmer atmosphere
holds more moisture than a cooler one. As a result, water vapor
amplifies the warming caused by the addition of human-produced
greenhouse gases.
>> Learn more about water vapor and the greenhouse effect

E. Some greenhouse gases are more effective at warming the
planet than others. The heat-trapping ability of a greenhouse gas,
plus how much of it is in the atmosphere and how long it endures,

©
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determines its contribution to total warming. For example, even
though there is about 200 times more carbon dioxide in the
atmosphere than methane, and carbon dioxide stays in the

atmosphere for much longer, methane has contributed 20% to
30% of global warming to date.
>> Learn more about the strength of greenhouse gases

F. Life—including microbes, plants, animals, and humans—is a major
driver of the global carbon cycle and can influence global climate
by modifying the chemical makeup of the atmosphere. The
geologic record shows that life has significantly altered the
atmosphere during Earth’s history.

G. Carbon naturally moves very slowly between the atmosphere and
reservoirs in the Earth, including rocks, soils, and the deep ocean.

Artist’s statement: “My drawing depicts

11 endangered species and their different
ecosystems found in the Western United
States. The most difficult challenge was
making this piece cohesive, even across
different habitats that normally wouldn’t
be found together. I live in Boise, Idaho,
and am surrounded by wild places that |
consider part of my home. | want to ensure
that these ecosystems are protected. |
hope viewers come away with an apprecia-
tion for our Western wild places and the
importance of biodiversity and healthy
ecosystems threatened by climate change
and habitat loss.”

CREDIT: Taelyn B., Art x Climate, Endangered
West (2022, colored pencil)

Human activities are disrupting this cycle by taking carbon out of
storage underground and releasing it into the atmosphere,
primarily by burning fossil fuels such as coal, oil, and natural gas.
>> Learn more about how humans are changing the carbon cycle

. While some of these human-caused carbon dioxide emissions are

absorbed quickly by the ocean and forests, much of the carbon
dioxide will remain in the atmosphere before it is absorbed by the
ocean over thousands of years.

I. As concentrations of carbon dioxide and other greenhouse gases

increase, Earth’s average temperature rises in response. This rise

in temperature causes a significant change in the climate averages
and extremes that people and the natural environment experience.
>> Learn more about carbon dioxide’s role in Earth’s climate
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Essential Principles for Understanding

and Addressing Climate Change

A. Human activities have unequivocally caused the global warming
observed over the industrial era by increasing the levels of carbon
dioxide and other greenhouse gases in the atmosphere.
>> Learn more about how human activities cause global warming

ESSENTIAL - o= . B. Three-quarters of all greenhouse gases emitted by human activities

come from the use of fossil fuels, primarily coal, oil, and natural
gas, for transportation and energy. The rest come from industrial
processes, agriculture, landfills, and land-use changes such as

CAUS ES — deforestation.

>> Learn more about sources of greenhouse gas emissions

PRINCIPLE

Bu rning fossil fuels C. Social systems—including institutions, policies, practices, values,
and other human and behaviors—determine the amount of greenhouse gases

. , emitted. Social systems also inequitably distribute the economic

activities are causing benefits of energy consumption and the impacts of greenhouse

the p[anet to warm. gas emissions and climate change.
>> Learn more about how social systems drive climate change

D. The global climate will continue to warm in the future. How much
it warms depends primarily on current and future emissions of
greenhouse gases from human activities. By far the biggest
uncertainty in terms of future climate change is the human factor—
how much action global society will take to limit greenhouse gas
emissions.
>> Learn more about future climate change

E. Many of the human activities that produce greenhouse gases also
produce small airborne particles called aerosols. Aerosols gener-
ally cool the planet by reflecting sunlight back into space, and by
seeding clouds that reflect sunlight. This cooling effect is currently
not big enough to fully counteract human-caused warming. Most

©
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Human-Enit

Artist’s statement: “Originally trained as a landscape
architect, | rework abandoned sites, invasive species
zones and decaying ruins as a way of navigating human
folly. Individual works juxtapose something highly
artificial with something organic, and/or something
jarring with something reassuring. Forged from multiple
medium format images, this scene of industry in a forested,
mountainous area combines landscape visualization
techniques (infrared sensors) with more traditional light
photography (dodge/burn, compositing) to bring out
atmospheric details and place the manmade and
vegetation in high contrast.”

CREDIT: Casey Lance Brown, Art x Climate, Jackson County
Industry (2022, infrared photography composite)

Greenhouse Effect Diagram
CREDIT: NOAA Climate Program Office,
Graphic by Anna Eshelman

human-produced aerosols, such as smoke from power plants
and biomass burning, also have negative effects on air quality
and human health.

>> Learn more about climate change and air quality

F. Human activities continue to increase the levels of greenhouse
gases in the atmosphere, although contributions vary across
regions, sectors, and populations.
>> Learn more about global greenhouse gas contributions

G. Carbon dioxide remains in the atmosphere for centuries or
longer. This means that carbon dioxide emitted decades ago
continues to contribute to climate change today. Among coun-
tries, the United States is the largest emitter of the carbon
dioxide that has accumulated in the atmosphere since the
Industrial Revolution. From 1850 to 2021, total emissions from
the United States are estimated to have caused around 17% of
global warming, China 12%, European Union 10%, and the 47
least-developed countries collectively 6%.
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Cause and effect are represented here in southern Delaware, where
temperatures rose to triple digits in a period of excessive heat due
in large part to emissions from transportation and energy use and
production.

CREDIT: NOAA Climate Program Office, Photo by Katy Perrault

@

H. Annual U.S. greenhouse gas emissions have been slowly declining
since 2007, while emissions have increased rapidly in China, India,
and other nations with rapidly industrializing economies. China is
currently the top annual emitter as a nation.
>> Learn more about global greenhouse gas emissions

I. Reducing emissions of greenhouse gases can limit future global
warming and its impacts. Parties to the 2015 Paris Agreement set
a goal of holding the global average temperature to well below
2°C (3.6°F) above preindustrial levels, and pursuing efforts to limit
warming to 1.5°C (2.7°F).
>> Learn more about the Paris Agreement

J. The Paris Agreement also sets an aim to make financial flows

consistent with a pathway towards low greenhouse gas emissions
and climate-resilient development. However, public and private
financial systems continue to support investment in fossil fuels.
Currently, global spending on fossil fuels outweighs investments
in adaptation and mitigation. Current investments in reducing
greenhouse gas emissions are not large enough to keep warming
below 2°C (3.6°F).

USGCRP CLIMATE LITERACY GUIDE


https://nca5.climate.us/chapter/2#fig-2-1
https://unfccc.int/process-and-meetings/the-paris-agreement

Essential Principles for Understanding

and Addressing Climate Change

A. As of 2021, Earth had warmed by about 1.1°C (2°F) above pre-
industrial levels. Most of this warming has occurred since 1980.
The current rate of warming is roughly 30 times faster than the
rate at which Earth warmed as it emerged from the last ice age.

ESSENTIAL B. The last time the amount of carbon dioxide in the atmosphere was

PRINCIPLE

as high as it is today was about 3.2 million years ago, when the
world was significantly warmer and sea levels were between 18
and 63 feet (5.5 to 19 meters) higher than today.

I M PACTS — >> Learn more about past climate

Rl
B = . i C. Human societies developed over the past 10,000 years during a
— Ra pld warming and very stable period in Earth’s climate history. The rapid rise in
other la rge-scale climate temperatures and resulting climate changes since 1980 mean that
the economic, transportation, agricultural, and social systems we
Changes threaten human rely on are vulnerable.
and ecological systems. >> Learn more about climate change impacts on social systems

D. Climate change is already increasing the severity, geographic
scale, and frequency of extreme events, such as heatwaves,
floods, strong storms, droughts, and wildfires around the United
States and the world. As the world warms, these events will
become even more extreme, worsening existing social inequalities
and leading to greater health, resource, and migration challenges.
Existing societal challenges, intensified by increasing climate
change, will exacerbate the drivers of instability and threaten
both national and global security. To deal with the direct effects
of extreme events, as well as the increased instability resulting
from them, the need for humanitarian assistance will increase
worldwide.
>> Learn more about changes to extreme events
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x

Globally, a warmer atmosphere holds more total water vapor, and
some areas will get wetter. Warmer air with more water vapor also
causes heavier rainfall during storms, which can lead to flooding.
However, over many regions, temperature changes will outpace
the effects of increases in humidity, making dry places even drier
and droughts more intense.

. Changing precipitation and snowmelt patterns are altering the

distribution of Earth’s freshwater and the timing of runoff.
Droughts are becoming more frequent and severe in many
regions, while, at the same time, extreme precipitation events
are becoming more frequent and intense in other regions. Some
regions are experiencing both—more frequent or severe droughts
in the summer, and more extreme precipitation events in the
winter. These and other climate change impacts threaten the
quality and reliability of water supplies.

>> Learn more about the changing water cycle

. Global warming is causing the global average sea level to rise.

As ocean water warms, it expands, taking up more space. Water
from melting land ice is also being added to the ocean, raising
sea levels. As the sea level rises, salt water contaminates coastal
freshwater sources, damages coastal homes and infrastructure,
harms coastal ecosystems, and inundates islands and low-lying
land. Sea level rise also increases the risk of damage to buildings
and infrastructure from high tide flooding and storm surge.
>> Learn more about the impacts of climate change on coastal
communities

The ocean has slowed climate change by absorbing huge
amounts of heat and carbon. About 90% of the warming caused
by greenhouse gas emissions has been absorbed by the ocean,
altering its global circulation patterns and threatening marine

Warming temperatures and changes in light and nutrients cause coral to expel their
colorful symbiotic algae in a process called coral bleaching, leaving them without a
major food source and vulnerable to disease.

CREDIT: Daniela Macaya, Ghost Reefs
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Afirefighter goes to work in a smoke-filled
environment at the Pioneer Fire in Washington
State. Wildfires have increased in frequency and

intensity due to human activity.
CREDIT: U.S. Forest Service

life. The ocean has also taken up 25% of all carbon dioxide
produced by human activities, making it more acidic and leading
to harmful impacts on marine species, food webs, and coastal
economies. As climate change continues, the ocean’s capacity to
store heat and carbon is likely to weaken, reducing its ability to
buffer the effects of greenhouse gas emissions.

>> Learn more about the ocean and climate change

I. All species, including humans, survive within specific ranges of
temperature, precipitation, humidity, sunlight, and other climate
conditions. Organisms exposed to climate conditions outside
their normal ranges must adapt or move elsewhere, or they may
face negative health impacts. If climate conditions sufficiently
alter a species’ habitat, consequences can include extinction.
Changes to the abundance of different species can threaten the
stability and survival of their ecosystems.
>> Learn more about ecosystem changes

J. As local climate conditions change, many organisms, including
animals, plants, and microbes, are attempting to move to areas
with more favorable conditions. However, their movement can
be limited or prevented by natural barriers such as mountains,
human-built infrastructure such as roads, or competition
with other species. The timings of blooms, migrations, and
hibernations have changed and will continue to change,
sometimes dramatically, potentially altering food webs and
spreading infectious diseases. These processes disrupt existing
ecosystems and can threaten the survival of entire species,
biomes, and human livelihoods.
>> Learn more about ecosystem impacts
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K. The impacts of climate change and other stressors may drive
people to leave their homes temporarily or permanently, either
within the same country or across a border. For example, rising
temperatures and shifting rainfall could lead to increased crop
failures, compelling farmers to seek more reliable livelihoods in
nearby cities or neighboring regions. Climate migration is one
type of human migration, which can have many complex causes
and impacts. If migration is sudden and unplanned, it may
increase demand for scarce resources and potentially exacerbate
tension between migrants and local communities. Governments
may also struggle to provide adequate services amid large-scale
displacement.
>> Learn more about climate change and migration

L. Climate change negatively impacts human health through more
frequent and severe extreme heat and other extreme events;
increased transmission of infectious and vector-borne diseases;
declines in food and water security; and degraded air and water
quality. Exposure to extreme events can result in feelings of
vulnerability, uncertainty, and anxiety or depression, with
negative impacts on mental health. Marginalized and low-
income populations tend to be more exposed to climate hazards
and associated health impacts than other groups. Ecogenia, the first NGO in Greece to promote sustainability through

>> Learn more about climate change and human health civic service, is working to mobilize young people to accelerate
localized climate action. Inspired in part by AmeriCorps, collaboration

l h h busi d with the California Conservation Corps enabled both programs to build
M. Climate change can harm businesses, governments, an capacity for increased climate action.

economies through costly disruptions to services and supply CREDIT: Ecogenia
chains, damage to infrastructure, and lost productivity. At
the same time, climate solutions will create new economic

opportunities for organizations.
>> Learn more about climate change and the economy

@
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Essential Principles for Understanding

and Addressing Climate Change

ESSENTIAL
PRINCIPLE

Climate justice s

possible if climate
actions are equitable.

®

A.

With careful planning and execution, actions to reduce greenhouse
gas emissions and adapt to climate risks can be carried out in ways
that promote climate justice in the United States, which involves
ensuring benefits from climate action are shared equitably and
fairly. Achieving sustainable outcomes that promote equity in

the United States, rather than exacerbate inequities, involves
understanding how the impacts of and responses to climate
change affect different groups of people, including those who

have been marginalized and underserved. Including affected
communities in decision-making can help reduce risks and distrib-
ute benefits equitably.

>> Learn more about climate justice

. Climate change is both a product of society and a force that is

shaping it. Its effects both reflect and exacerbate existing social
inequities, with some people and communities suffering dispro-
portionate harm. Societies can help address these issues by
acknowledging the intersections between climate change and key
social challenges, such as those relating to racial, economic, and
gender inequity; rural communities; public health; migration; and
ecosystem health.

>> Learn more about intersecting challenges

Although climate change affects everyone, marginalized and
underserved communities are more likely to experience harmful
impacts. The long-lasting effects of discriminatory investment
practices, unequal distribution of resources, and exclusionary
laws have pushed Indigenous communities, communities of color,
and low-income communities into locations where they are more
vulnerable to climate change. These communities are often over-
burdened, experiencing one or more types of environmental
injustice in the form of disproportionate health-related impacts
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from fossil fuel-based energy systems, reduced capacity to
prepare for and recover from extreme events, settlement in
hotter or more flood-prone areas, or lower-quality infrastructure
and services.

>> Learn more about inequitable climate impacts

D. Certain groups of people are at higher risk of negative health
impacts from climate change. Those likely to experience elevated
health impacts include the very young, the very old, people with
disabilities or chronic health conditions, low-income individuals
and communities, and other marginalized communities.
>> Learn more about climate change impacts on human

health

E. Rural communities face unique challenges from climate change.
Rural areas are often under-resourced and therefore less resilient
to climate impacts. Climate change also worsens stressors they
already face, including physical isolation, limited economic
diversity, and higher poverty rates, combined with an aging
population. At the same time, rural communities are key to many
climate adaptation and mitigation efforts, from climate-smart Members of the San Carlos Apache Tribe, Klamath Tribe,

agricultural practices, to new sources of renewable energy, to and White Earth Nation, alongside a representative of the
DOI-Bureau of Indian Affairs, collaborate on potential Tribal
renewable energy projects at the National Renewable
Energy Laboratory.

F. Indigenous Peoples hold unique knowledges and experiences CREDIT: DOE, Photo by John De La Rosa (NREL)

about how to live sustainably on their lands. Their ways of life are

threatened as local climates change and the ecosystems they rely

on are altered. Tribal education systems are engaged in building

community resilience and supporting the next generation of

climate leaders.

>> Learn more about how Indigenous leadership is guiding
climate responses

restoring critical habitats for wildlife.

'
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Artist’s statement:
“Cherylisaveryreal
person in Milwaukee,
Wisconsin. She works at
asocial services non-
profit and is a member
of our gay community. |
painted her to show her
confidence and triumph
over urban challenges.
This painting depicts the
density of urban life and
the spirit of the individual
init. The power of the
individual, for climate
change, social change,
and personal change is
embodied in this painting.”
CREDIT: Ellen Anderson,
Art x Climate, Cheryl
(2021, oil on canvas)

G. An equitable and sustainable U.S. response to climate change

has the potential to reduce climate impacts while improving
well-being, strengthening resilience, benefiting the economy,
and, in part, redressing legacies of racism, injustice, and inequity
within the nation.

>> Learn more about just climate solutions

. Participatory research and planning processes can help reduce

inequities and the chances of causing unintended harm through
climate actions. Taking inclusive and equitable approaches to
addressing climate change in the United States requires that the
characteristics of a community, the factors that shaped them,
and the interests of those affected are central to designing and
implementing climate solutions. Approaches to decision-making
that are based on broad and meaningful participation by all
affected groups can build trust, promote social cohesion, and
increase support, implementation, and efficacy for adaptation
and mitigation strategies and plans.
>> Learn more about how inclusivity improves climate
responses

. Ajust transition within the United States is the process of

responding to climate change with transformative actions that
address the root causes of climate vulnerability while ensuring
equitable access to decent work and quality jobs; affordable,
low-carbon energy; environmental benefits such as reduced air
pollution; and improved quality of life for all. This type of transi-
tion has the potential to enable more ambitious, effective, and
lasting adaptation, resilience, and mitigation actions, including
by creating good-paying jobs in renewable energy industries.
>> Learn more about just transitions
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Essential Principles for Understanding
and Addressing Climate Change

ESSENTIAL
PRINCIPLE

Humans can adapt
social, built, and natural
environments to better
withstand the impacts of
climate change.

®

. Adapting and building resilience to climate impacts in all aspects

of society saves lives; reduces structural, environmental, and
economic damage; protects natural resources; helps preserve
cultures; and often results in improved quality of life.

>> Learn more about climate adaptation

. Adaptation and mitigation are complementary strategies for

reducing the risks of climate change. Taking actions to adapt and
build resilience to current and future extreme events and other
climate changes, while dramatically reducing emissions of
greenhouse gases, will also reduce loss of life and property and
limit damage to ecosystems and human health.

. Adaptation will become more expensive and less effective as the

planet warms. Building a costly seawall today, for example, will
be insufficient if water levels rise above the height of the wall in
the future. Without mitigation, there will come a time when the
impacts of climate change overwhelm our capacity to adapt.

. Current adaptation efforts and investments are insufficient to

address today’s risks and keep pace with future climate change.
Adequate adaptation would involve not only scaling up efforts
across a wider range of actors, sectors, and systems, but also
more transformative adaptation involving profound shifts in our
institutions, behaviors, values, or technologies. For example,
transformative actions could shift housing development to less
flood-prone areas to account for rising seas, or redesign buildings
and cities to manage heat extremes.

>> Learn more about transformative adaptation

. People may be able to adapt and reduce their vulnerability in

different ways, depending on their circumstances. For example,
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Artist’s statement: “This piece was commis-
sioned by the University of Washington
Climate Impacts Group. Developed in
collaboration with scientists and tribal
representatives, the work acknowledges the
inevitable while highlighting how we can
cultivate good. From the urban West Coast
to the shrubsteppe of eastern Washington,
resiliency looks different in every landscape.
Trueresiliency is not bound within the realm
of science; social justice is equally as vital to
every solution. The piece aims to make
climate resiliency concepts more accessi-
ble. After all, before any goal can be accom-
plished, it must first be envisioned.”

CREDIT: Claire Seaman, Art x Climate,
Imagining Climate Resiliency in the Pacific
Northwest (2021, oil on canvas)

some communities and individuals may move to higher ground to
avoid flooding and rising sea levels, choose crops that will thrive
under new climate conditions, develop nature-based solutions
such as restoring vegetation to lessen storm impacts, and adopt
new technologies or building standards suited for new weather
extremes. However, the ability to adapt may be limited by the
capacity of a community or individual to address changing
conditions, or by a risk or hazard exposure that is too great to
overcome.

F. There is no one-size-fits-all model for adaptation and improved
resilience. Adaptation will look different in different communities
because risks, judgments about risk, resources, and potential
solutions differ across groups of people and the places where they
live and work.

G. Actions that increase risks are called maladaptation. For
example, maladaptation can occur if infrastructure (like a levee or

."".-
( @

roadway) or a disaster response program encourages continued
development in hazardous areas, leading to higher losses in

the event of future disasters. Most often, maladaptation is an
unintended consequence.

H. A fair, democratic, and community-based approach to assessing

risks and planning adaptation measures can reduce the chances
of unintentionally causing more harm to natural systems and the
people who are affected by these decisions.
>> Learn more about equity in adaptation

I. Adaptation often requires financial investment in new or

enhanced technologies, infrastructure, and education.

Investing in adaptation and resilience efforts undertaken by
vulnerable populations can contribute to a more equitable future.
>> Learn more about investments in adaptation
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Essential Principles for Understanding

and Addressing Climate Change

A. Rapid, deep, and sustained reductions in global emissions of green-
house gases can still limit global temperature changes to well
below 2°C (3.6°F), consistent with the goals of the Paris Agreement.
>> Learn more about climate mitigation

ESSENTIAL

B. Limiting global warming requires net-zero carbon dioxide
PRINCIPLE

emissions— where emissions fall to zero or remaining emissions
are balanced by removal from the atmosphere. To keep warming
to well below 2°C (3.6°F), global carbon dioxide emissions would
need to reach net zero by 2050, along with substantial reductions
in emissions of all greenhouse gases. Rapid and sustained
reductions in methane emissions are one of the fastest ways to

Reducing emissions of limit near-term warming.

greenhouse EEoECS from C. Reaching and sustaining global net-zero greenhouse gas emissions
human activities to net will result in a gradual decline in warming. However, some long-
zero by 2050 can help term responses to warming that have already occurred will
continue due to the long lifespan of some greenhouse gases in

the atmosphere (for example, sea level rise, ice sheet losses, and

limit global warming and

Climate Change im pacts. ecosystem disruptions).
>> Learn more about the ways to reach net zero

D. Actively removing carbon dioxide from the atmosphere and using
natural climate solutions to increase ecosystem carbon sinks
can help reach net zero even faster. Scientists, entrepreneurs, and
communities are working on ways to remove some of these
greenhouse gases.
>> Learn more about carbon dioxide removal

E. Many countries, states, cities, and corporations have set climate
mitigation goals and targets that are aligned with limiting warming
to 1.5°C (2.7°F). However, current efforts to meet these goals and

®
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G. Some other greenhouse gas emissions, such as those from jet
fuel, cement production, and certain industrial processes,
cannot be avoided at a large scale with current technologies.
To reach net-zero emissions, additional mitigation options and
approaches, such as natural and engineered carbon dioxide
removal and low-carbon fuels, may need to be explored.

H. Actions by governments, businesses, organizations, and
individuals can support net-zero emissions goals.
>> Learn more about efforts to reduce emissions

Regional Administrator Jared Blumenfeld, Tribal
Council Member and Environmental Director Tommy
Siyuja, Sr., and Augie Hanna visit a new solar array at
the Havasupai Tribal School. This array will help save
the Tribe money and energy, prevent frequent outages,
and reduce greenhouse gas emissions.

CREDIT: EPA

targets need to be scaled up and expanded to limit global
warming, and it remains likely that warming will exceed 1.5°C
(2.7°F) during the 21st century.

>> Learn more about climate mitigation at many scales

F. Technologies and approaches that are already available can
dramatically reduce greenhouse gas emissions from the highest-
emitting sectors. These include improvements in energy
efficiency, electricity generation from solar and wind energy,
electrification of transportation and heating, less emissions-
intensive diets, and protection and restoration of forests and This fully electric school bus is part of a new fleet in Virginia

ecosystems. and a larger national plan to switch a substantial portion of the
nation’s 500,000 school buses to renewable energy.

>> Learn mor ion r missions now .
ea ore about options to reduce emissions no A

-
28
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Essential Principles for Understanding

and Addressing Climate Change

A. How quickly global carbon dioxide emissions reach net zero will
largely determine how much warming can be limited. Every
increment of warming that the world avoids reduces the risks and
harmful impacts of climate change, including loss of life. Acting
sooner on mitigation and adaptation will reduce future warming

ESSENTIAL and associated impacts and produce environmental, economic,

PRINCIPLE

and social benefits.
>> Learn more about the choices that will determine the future

B. Parties to the Paris Agreement set a collective goal to limit global
warming to well below 2°C (3.6°F) above preindustrial levels and to
pursue efforts to limit warming to 1.5°C (2.7°F) above preindustrial

/ HOPE & URGENCY
o _

A livable and levels. To meet this goal, countries, companies, communities, and
. organizations need to implement more ambitious mitigation
sustainable future for actions.
allis posmble with rapld, >> Learn more about international climate goals
JUSt’ and transformational C. Even if the world rapidly reaches net-zero emissions, the United

climate action. States will continue to face climate impacts and risks. Adequately
addressing these risks involves longer-term inclusive planning,
investments in transformative adaptation, and mitigation
approaches that consider equity and justice.

>> Learn more about potential benefits of climate action

D. Inclusive, equitable, and just approaches to climate action in the
United States can help reduce risks, improve outcomes, encourage
ambitious mitigation, and create opportunities to overcome
past environmental inequities. Supporting Indigenous and local
knowledge holders and their practices can lead to more resilient
and sustainable outcomes.
>> Learn more about just transitions
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E. Human well-being is dependent on natural and managed eco-
systems, which provide crucial functions and resources for
nearly everything we eat, make, and do. Nature-based solutions
can provide climate adaptation and mitigation benefits,
protecting ecosystems and the services they provide while
also benefiting people.
>> Learn more about ecosystems, ecosystem services, and

biodiversity

F. Improving climate education, increasing access to information,
and communicating effectively can improve people’s understand-
ing of risks and their ability to address them.

G. Taking constructive climate action together with other people
helps reduce eco-anxiety and builds a stronger sense of
community.
>> Learn more about climate change and mental health

H. Substantially reducing human-caused greenhouse gas emissions
and taking actions to adapt and build resilience involves all levels
of society. Actions by individuals, organizations, businesses, and
governments can support adaptation and mitigation goals. In

Artist’s statement: “In my art, | try to convey that we can help reverse the
effects of climate change. One hand is erasing the pollution caused by
the United States, states, cities, Tribes, companies, and other industrialization the world over, and the other is redrawing actions to restore

organizations have adopted a range of climate actions and the Earth’s beauty. | have always tried to help out the Earth, through stream
clean ups and more. | hope people learn from my art that they can help change

pOlICIeS. the world by just doing simple things like driving less, not littering, and maybe
>> Learn more about mitigation and adaptation actions even setting up solar panels or wind turbines. The effects of climate change
underway now are only in our hands, so we should do whatever we can to help.”

CREDIT: Ritika S., Art x Climate, Redrawing the Earth (2023, colored pencil)

I. Millions of people all over the world are already working to make
a safer, healthier, more prosperous, more just, and more stable
world for all through climate action.
>> Learn more about how people are mitigating and adapting

to climate change

@
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Key Definitions

~—

All definitions are from the Fifth National Climate Assessment Glossary,
unless another source is cited.

Adaptation In human systems, the process of adjustment to actual or
expected climate and its effects to moderate harm or exploit beneficial
opportunities. In natural systems, the process of adjustment to actual
climate and its effects. Human intervention may facilitate adjustment to
expected climate and its effects.

Aerosols A suspension of airborne solid or liquid particles, with typical
particle size in the range of a few nanometers to several tens of micro-
meters. Aerosols have both natural and human-caused sources. Overall,
they tend to produce cooling by scattering incoming radiation and

by affecting cloud cover, although some aerosols can cause warming
directly by absorbing radiation and indirectly through their interactions
with clouds.

Biodiversity The variety of life, including the number of plant and
animal species, other life forms, genetic types, habitats, and biomesin an
ecosystem.

Carbon cycle The series of processes by which carbon compounds flow
among reservoirs in the environment, such as the incorporation of car-
bon dioxide into living tissue by photosynthesis and its return to the
atmosphere through respiration, the decay of dead organisms, and the
burning of fossil fuels. In the carbon cycle, carbon flow or output from
one reservoir transfers carbon to other reservoir(s) of carbon dioxide into
living tissue by photosynthesis and its return to the atmosphere through
respiration, the decay of dead organisms, and the burning of fossil fuels.
In the carbon cycle, carbon flow or output from one reservoir transfers
carbon to other reservoir(s).

Carbon dioxide (CO,) A naturally occurring gas, as well as a by-product
of burning fossil fuels from fossil carbon deposits, burning biomass,
land-use changes, and industrial processes (e.g., cement production).
CO, is the principal anthropogenic greenhouse gas that affects Earth’s
radiative balance. As the reference gas against which the radiative
forcing of other greenhouse gases are measured, it has a global warming
potential of 1.

Carbon dioxide removal A set of techniques that aim to remove and/or
sequester carbon dioxide (CO,) directly from the atmosphere by either
increasing natural carbon sinks or using chemical engineering to remove
the CO,,.

Carbon sink Any process, activity, or mechanism that removes carbon
from the atmosphere. A carbon sink may also refer to a physical location,
defined area, or geological or biological element of Earth’s system

(e.g., the ocean, a country, biomass) that stores acquired carbon from the
atmosphere for a specified period of time.

Circulation (ocean) The large-scale movement of waters in the ocean
basin. Itis a key regulator of climate by storing and transporting heat,
carbon, nutrients and freshwater all around the world. (NASA, 2020)

Climate Climate, in a narrow sense, is usually defined as the average
weather or, more rigorously, as the statistical description in terms of
the average and variability of defining factors over a period of time
ranging from months to thousands or millions of years. The classical
period for averaging these variables is 30 years, as defined by the World
Meteorological Organization. The relevant quantities are most often
surface variables such as temperature, precipitation, and wind. Climate,
in a wider sense, is the state, including a statistical description, of the
climate system.

&)
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Climate change Changes in average weather conditions that persist over
multiple decades or longer. Climate change encompasses both increases
and decreases in temperature, as well as shifts in precipitation, changes
in frequency and location of severe weather events, and changes to
other features of the climate system.

Climate justice Within the United States, the recognition of diverse
values and past and ongoing harms, equitable distribution of benefits
and risks, and the procedural inclusion of affected communities in
decision-making processes. (Adapted from USGCRP, 2023: Ch. 20)

Climate literacy An understanding of how the climate system works,
how human actions influence the climate, and how the climate influ-
ences people and other parts of the Earth system.

A climate-literate person:

« understands the essential principles of Earth’s climate system and
the options to address human-caused climate change, which are
summarized in this guide;

« recognizes credible information about climate change and knows
where to find it;

« communicates about climate change in accurate and effective ways;
and

«is able to make informed decisions related to climate change.

Climate model A numerical representation of the climate system based
on the physical, chemical, and biological properties of its components,
their interactions, and feedback processes and accounting for some

of its known properties. The climate system can be represented by
models of varying complexity; that is, for any one component or
combination of components, a spectrum or hierarchy of models can

be identified, differing in such aspects as the number of spatial
dimensions; the extent to which physical, chemical, or biological

'
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processes are explicitly represented; or the level at which empirical
parameterizations are involved. Climate models are applied as a
research tool to study and simulate long-term climate projections
(decadal or longer) and operationally used to create shorter climate
predictions (seasonal, annual, interannual).

Climate system The matter, energy, and processes involved in
interactions among Earth’s atmosphere, hydrosphere, cryosphere,
lithosphere, biosphere, and Earth-Sun interactions. (USGCRP, 2009)

Climate variability Deviations of climate variables from a given average
state, including the occurrence of extremes, at all spatial and tempo-

ral scales beyond that of individual weather events. Variability may be
intrinsic, due to fluctuations of processes internal to the climate system
(i.e., internal variability), or extrinsic, due to variations in natural or
anthropogenic external forcing (i.e., forced variability).

Coproduction (of knowledge) The integration of different knowledge
systems and methodologies to systematically understand phenomena,
systems, and processes.

Decent work Productive work for people in conditions of freedom, equi-
ty, security, and human dignity. (European Commission, 2022) (ILO, 2024)

Discrimination The differential treatment of an individual or group
of people on the basis of, for example, their race, color, national
origin, religion, sex (including pregnancy and gender identity), age,
marital and parental status, disability, sexual orientation, or genetic
information.

Drought An exceptional period of water shortage for existing ecosys-
tems and the human population (due to low rainfall, high temperature
and/or wind).
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Earth system Earth functions as a system of interdependent parts.
These parts include the physical, chemical, and biological processes that
allinteract to shape our planet and the organisms on it.

Eco-anxiety Also known as climate anxiety, a chronic fear of environ-
mental doom.

Ecosystem A functional unit consisting of living organisms, their non-
living environment, and the interactions within and between them. The
components included in a given ecosystem and its spatial boundaries
depend on the purpose for which the ecosystem is defined. In some
cases, ecosystem boundaries are relatively sharp, while in others they
are diffuse, and they can change over time. Ecosystems are nested within
other ecosystems, and their scale can range from very small to the entire
biosphere. In the current era, most ecosystems either contain people as
key organisms, or they are influenced by the effects of human activities in
their environment.

Emissions The release of climate-altering gases and aerosols into the
atmosphere from human and natural sources.

Environmental injustice Environmental actions, behaviors, laws, and
policies that have not been fair, that have limited meaningful involvement
in environmental decision-making, or have unjustly allocated the risks
and benefits of environmental action across communities, most often
based on race, color, national origin, income, and gender identity,

among others.

Equity The principle of being fair and impartial and a basis for under-
standing how the impacts and responses to climate change, including
costs and benefits, are distributed in and by society in more or less equal
ways. Often aligned with ideas of equality, fairness, and justice and
applied with respect to equity in the responsibility for, and distribution

of, climate impacts and policies across society, generations, and gender,
and in the sense of who participates and controls the processes of deci-
sion-making.

Extreme events A weather event that is rare at a particular place and
time of year, including, for example, heatwaves, cold waves, heavy rains,
periods of drought and flooding, and severe storms. Definitions of “rare”
vary, but an extreme weather event would normally be as rare as or rarer
than the 10% or 90% probability density function estimated from
observations. By definition, the characteristics of what is called extreme
weather may vary from place to place in an absolute sense.

Extreme heat Temperatures that are much hotter and/or humid than
average. Because some places are hotter than others, this depends on
what is considered average for a particular location at that time of year.

Flooding The overflowing of the normal confines of a stream or other
water body or the accumulation of water over areas that are not normally
submerged.

Food web A diagram of the links among species in an ecosystem—
essentially who eats what. A food chain shows only the organisms that
contribute to the diet of the top consumer. (USGS, 2003)

Fossil fuels Carbon-based fuels from fossil hydrocarbon deposits,
including coal, oil, and natural gas.

Global warming The increase in global surface temperature relative to
a baseline reference period, averaging over a period sufficient to remove
interannual variations (e.g., 20 or 30 years). Acommon choice for the
baseline is 1850-1900 (the earliest period of reliable observations with
sufficient geographic coverage), with more modern baselines used
depending on the application.
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Greenhouse effect The process through which heat is trapped near the
Earth’s surface by substances known as greenhouse gases. (NASA, 2024)

Greenhouse gas (GHG) Gaseous constituents of the atmosphere, both
natural and anthropogenic, that absorb and emit radiation at specific
wavelengths within the spectrum of radiation emitted by Earth’s surface,
by the atmosphere itself, and by clouds. This property causes the green-
house effect. Water vapor, carbon dioxide, nitrous oxide, methane, and
ozone are the primary GHGs in Earth’s atmosphere. Other GHGs include
sulfur hexafluoride, hydrofluorocarbons, chlorofluorocarbons, and
perfluorocarbons; several of these are also ozone-depleting (and are
regulated under the Montreal Protocol).

Hazard The potential occurrence of a natural or human-induced physical
event or trend that may cause loss of life, injury, or other health impacts,
as well as damage and loss to property, infrastructure, livelihoods, ser-
vice provision, ecosystems, and environmental resources.

Heatwave A period of abnormally hot weather, often defined with
reference to a relative temperature threshold, lasting from two days to
months. Heatwaves and warm spells have various and, in some cases,
overlapping definitions.

High tide flooding Occurs when sea level rise combines with local
factors to push water levels above the normal high tide mark. Changes
in prevailing winds, shifts in ocean currents, and strong tidal forces
(which occur during full or new moons) can all cause high tide flooding,
inundating streets and other infrastructure even on sunny days.

Ice sheet Anice body originating on land that covers an area of conti-
nental size, generally defined as covering > 19,000 mi? (>50,000 km?),
and that has formed over thousands of years through accumulation and
compaction of snow.

'
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Impact (climate) The consequences of realized risks on natural and
human systems, where risks result from the interactions of climate-related
hazards (including extreme weather/climate events), exposure, and
vulnerability. Impacts generally refer to effects on lives, livelihoods,
health, and well-being; ecosystems and species; economic, social, and
cultural assets; services (including ecosystem services); and infrastructure.

Indigenous Knowledges (IK); also, Traditional Knowledges/
Traditional Ecological Knowledges (TEK) Bodies of dynamic and
experiential knowledges gained over time by Indigenous Peoples, often
associated with a specific place. IK includes observations, oral and writ-
ten knowledge, innovations, practices, rituals, and beliefs; some IK is
considered sacred and secret to a group or individuals. IK is inherently
heterogeneous due to the cultural and geographic contexts from which
itis derived. Also known as Native Science, Traditional Knowledges,
Traditional Ecological Knowledges, or Indigenous Ways of Knowing.

Industrial era The multicentury period from the onset of large-scale
industrial activity around 1750 to the present day. The reference period
. 1850-1900 is used to approximate preindustrial global average surface
temperature.

Inequity An unfair or unjust difference in the distribution, allocation,
management, or use of a resource, benefit, or burden between groups
of people.

Intergovernmental Panel on Climate Change Created in 1988 by

the World Meteorological Organization (WMO) and the United Nations
Environment Programme (UNEP), the objective of the Intergovernmen-
tal Panel on Climate Change (IPCC) is to provide governments at all levels
with scientific information that they can use to develop climate policies.
The IPCC provides regular assessments of the scientific basis of climate
change, itsimpacts and future risks, and options for adaptation and
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mitigation. IPCC reports are also a key input into international climate
change negotiations. (IPCC, 2024)

Just transition A set of principles, processes and practices that aim to
ensure that no people, workers, places, sectors, countries, or regions
are left behind in the transition from a high-carbon to a low-carbon
economy. It stresses the need for targeted and proactive measures from
governments, agencies, and authorities to ensure that any negative
social, environmental, or economic impacts of economy-wide transitions
are minimized, while benefits are maximized for those disproportionate-
ly affected. Key principles of just transitions include respect and dignity
for vulnerable groups, fairness in energy access and use, social dialogue
and democratic consultation with relevant stakeholders, the creation of
decent jobs, social protection, and rights at work. Just transitions could
include fairness in energy, land use, and climate planning and decision-
making processes; economic diversification based on low-carbon
investments; realistic training/retraining programs that lead to decent
work; gender-specific policies that promote equitable outcomes; the
fostering of international cooperation and coordinated multilateral
actions; and the eradication of poverty. Lastly, just transitions may
embody the redressing of past harms and perceived injustices.

Maladaptation (climate) Occurs when actions are taken that may lead
to increased risk of adverse climate-related outcomes, including via
increased greenhouse gas emissions, increased or shifted vulnerability
to climate change, more inequitable outcomes, or diminished welfare,
now or in the future. Most often, maladaptation is an unintended
consequence.

Marginalized population/Marginalized community Community
excluded from mainstream social, economic, educational, and/or cultural
life. Examples of marginalized populations include, but are not limited

to, groups excluded due to race, gender identity, sexual orientation, age,
physical ability, language, and/or immigration status.

Migration (human) Movement of a person or a group of persons either
across an international border or within a nation. It is a population
movement encompassing any kind of movement of people, whatever
its length, composition, and causes; it includes migration of refugees,
displaced persons, economic migrants, and persons moving for other
purposes, including family reunification.

Mitigation Measures to reduce the amount and rate of future climate
change by reducing emissions of heat-trapping gases or removing carbon
dioxide from the atmosphere.

National Climate Assessment (NCA) The U.S. Global Change Research
Program (USGCRP) was established by Presidential initiative in 1989 and
mandated by Congress in the Global Change Research Act (GCRA) of 1990.
Its mandate is to develop and coordinate “a comprehensive and
integrated United States research program which will assist the Nation
and the world to understand, assess, predict, and respond to human-
induced and natural processes of global change.” The GCRA mandates
that USGCRP prepare and submit to the President and the Congress a
quadrennial assessment, referred to as the National Climate Assessment
(NCA). (USGCRP, 2023)

Natural climate solutions Actions to protect, sustainably manage, and
restore natural or modified ecosystems for the purpose of climate change
mitigation. (USAID, 2022)

Nature-based solutions Actions to protect, sustainably manage, and
restore natural or modified ecosystems that address societal challenges
effectively and adaptively, simultaneously providing human well-being
and biodiversity benefits.

Net-zero carbon dioxide emissions Condition in which anthropogenic
carbon dioxide (CO,) emissions are balanced by anthropogenic CO,
removals over a specified period.
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Ocean acidification The process by which the pH measurement of ocean
water moves toward more acidic levels due to the absorption of carbon
dioxide, which interacts with ocean water to form carbonic acid, there-
by lowering the pH. Increased acidity reduces the ability of plankton and
shelled animals to form and maintain carbonate-containing body parts
such as shells.

Overburdened community Population or geographic location in the
United States that experiences disproportionate environmental and
climatic harms and risks. This disproportionality can be a result of
greater vulnerability to environmental hazards, lack of opportunity
for public participation, or other factors. Increased vulnerability may
be attributable to an accumulation of negative or lack of positive
environmental, health, economic, or social conditions within these
populations or places. The term describes situations where multiple
factors, including both environmental and socioeconomic stressors,
may act cumulatively to affect health and the environment and
contribute to persistent environmental health disparities.

Paris Agreement An international climate agreement adopted in 2015,
which entered into force in 2016, with the central goal of holding the
global average temperature rise to well below 2°C above preindustrial
levels and pursuing efforts to limit the temperature increase even further
to 1.5°C. Under this agreement, each party must, among other things,
submit a “nationally determined contribution” (NDC)—that is, a green-
house gas emissions target and/or mitigation policies and measures—
every five years and regularly report on progress made in implementing
and achieving its NDC. The agreement also addresses efforts to adapt to
the adverse effects of climate change and certain support for developing
country Parties, such as financial support for mitigation and adaptation.

Participatory processes Approaches to research and planning in
which those most directly impacted by the outcomes become active
participants in the process. (Adapted from National Academies of
Sciences, Engineering, and Medicine, 2023)
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Renewable energy Any form of energy that is replenished by natural
processes at a rate that equals or exceeds its rate of use.

Resilience (climate) The capacity of interconnected social, economic,
and ecological systems to cope with a climate change event, trend, or
disturbance, responding or reorganizing in ways that maintain their
essential function, identity, and structure. Climate resilience is a subset
of resilience against climate-induced or climate-related impacts.

Risk Threats to life, health, and safety, the environment, economic
well-being, and other things of value. Risks are evaluated in terms of how
likely they are to occur (probability) and the damages that would result

if they did happen (consequences).

Sea levelrise Increase to the height of sea level, both globally and local-
ly (relative sea level change) due to a change in ocean volume as a result
of a change in the mass of water in the ocean (e.g., due to melt of glaciers
and ice sheets), changes in ocean volume as a result of changes in ocean
water density (e.g., expansion under warmer conditions), changes in

the shape of the ocean basins, and changes in Earth’s gravitational and
rotational fields, as well as local subsidence or uplift of the land. Sea
level change refers to sea level rise or sea level fall.

Social systems The institutions, policies, programs, practices, values,
and behaviors that shape drivers, risks, impacts, and understanding of
climate change. (Adapted from USGCRP, 2023: Ch. 20)

Storm surge The temporary increase, at a particular locality, in the
height of the sea due to extreme meteorological conditions (low
atmospheric pressure and/or strong winds). Storm surge is defined as
being the excess above the level expected from the tidal variation alone
at that time and place.
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Transformative adaptation Adaptation that changes the fundamental
attributes of a social-ecological system, often involving persistent,
novel, and significant changes to institutions, behaviors, values, and/or
technology in anticipation of climate change and its impacts.

Tipping point The point at which a change in the climate triggers a
significant environmental event, which may be permanent, such as
widespread bleaching of corals or the melting of very large ice sheets.

Uncertainty (statistical) An expression of the degree to which a quantity
or process is unknown. In statistics, a term used to describe the range of
possible values around a best estimate, sometimes expressed in terms

of probability or likelihood. Uncertainty about the future climate arises
from the complexity of the climate system and the ability of models to
representit, as well as the inability to predict the decisions that society
will make. There also is uncertainty about how climate change, in
combination with other stressors, will affect people and natural systems.

Underserved community A community who, due to continuous systemic
discrimination, under- or disinvestments, and limited access to efficient,
healthy, and affordable services and infrastructure, experiences dispro-
portionate environmental and climatic harms and risks and lack access
to adequate resources to mitigate, respond to, and recover from impacts.
Increased vulnerability may be attributable to harmful environmental,
health, economic, or social conditions—or to a lack of support for positive
conditions—within these populations or places. The term describes
situations where disproportionate vulnerability is often due to discrim-
ination based on geography; access to authority or representation in
governance; or social identities, including race, ethnicity, gender, culture,
economic status, or ability.

U.S. Global Change Research Program A federal interagency research
program established by Congress in the Global Change Research Act of
1990. Its mandate is to develop and coordinate “a comprehensive and

integrated United States research program which will assist the Nation
and the world to understand, assess, predict, and respond to human-
induced and natural processes of global change.” (USGCRP, 2024)

United Nations Framework Convention on Climate Change (UNFCCC)
An international climate agreement adopted in 1992, which entered into
force in 1994. The objective of the UNFCCC is to stabilize greenhouse
gas concentrations in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate system.

Vector (disease) An organism, such as an insect, that transmits
disease-causing microorganisms such as viruses or bacteria. Vector-
borne diseases include, for example, malaria, Lyme disease, Zika, and
chikungunya.

Vulnerability (climate) The degree to which physical, biological, and
socioeconomic systems are susceptible to and unable to cope with
adverse impacts of climate change.

Weather The state of the atmosphere, mainly with respect to its effects
on life and human activities. As distinguished from climate, weather
consists of short-term (minutes to days) variations in the atmosphere.
Popularly, weather is thought of in terms of temperature, humidity,
precipitation, cloudiness, visibility, and wind.

Well-being (human) A state of existence that fulfills various human
needs, including material living conditions and quality of life, as well
as the ability to pursue one’s goals, to thrive, and to feel satisfied with
one’s life.

Wildfire A wildland fire originating from an unplanned ignition, such as

lightning, volcanos, unauthorized and accidental human-caused fires,
and prescribed fires that are declared wildfires.
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ABOUT THIS GUIDE

Climate Literacy: Essential Principles for Understanding and Addressing
Climate Change presents information that is important for individuals
and communities to know and understand about Earth’s climate, the
impacts of climate change, and solutions. Principles in the guide can

serve as discussion-starters or launching points for learning about the
climate crisis and what’s being done to address it across the world.

The guide aims to promote greater climate literacy by providing this
educational and communication framework of principles and concepts.

To download this guide and related documents, see

globalchange.gov/reports/climate-literacy-guide-third-edition and
climate.gov/climateliteracy.
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For future revisions and changes to this document or to see
documentation of the process used to develop this guide,
please visit
globalchange.gov/our-work/interagency-groups/cec.

FURTHER INFORMATION U.S. Global Change

For an up-to-date list of of science and educational Research Program
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climate literacy and further information relating Suite 9100

to climate literacy and climate resources, Washington, DC

please refer to climate.gov/teaching. 20006 USA
globalchange.gov
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