Off the coast of California, Kelp forest provide
important structure within the water column, creating
food, cover and growing surfaces for many organisms.

4

A. Energy differences within and between the lond, ocean, ice

cover, and atmosphere result in energy flows that drive
weather and climate variations.

B. Earth's atmosphere, oceans, land, and ice are dynamic, but
change at different rates.  Significant changes in any of these
are likely to influence all other components of the climate
system in complex ways.

C. Water cycling on Earth is fundamental to weather and climate.

D. The carbon cycle influences climate in a variety of ways,
including seasonal interactions between the atmosphere,
biosphere, and hydrosphere, and the formation and
consumption of fossil fuels. Carbon dioxide, an important
greenhouse gas, is removed from the atmosphere in the
ocean and other parts of the Earth system through biclogic
and geologic processes.

E. Changes in the oceans impact the atmosphere and climate
patterns around the globe. In turn, changes in the atmosphere
impact the ocean temperatures and currents. The dominant
pattern of natural climate variabilty - ENSO - provides

6

A. Human beings are an integral component of Earth's
climate system.

B. Human activities have offected the land, oceans and
atmosphere and have altered regional and global climate.
These activities include burning fossil fuels, releasing chemicals
into the atmosphere, reducing the amount of forest cover, and
rapidy expanding farming, development and industrial activity.

C. some changes resulting from human activities have
decreased the capacity of the environment to support
Various species.

D. The increased burning of fossi fuels since the start of the
industrial revolution has increased the amount of greenhouse
gases in the atmosphere. Because carbon dioxide remains
in the atmosphere for many years (hundreds to thousands of
years) before being removed by natural processes, this has
contributed to Earth's warming.

Source::
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21, 2003, 35 mm lens).

Source: NASA ISS007-E-10807 (Ji

Indiana Office of Energy & Defense Development

A. The evolution of organisms can be driven by specific
climatological conditions, including but not limited to
temperature, humidity, precipitation, and sunlight.

B. Changes in one or more of these climate conditions can
produce domaging changes in ecosystems.

C. Changes in environmental condtions can affect the survival of
individual organisms as well as entire species.

D. Human societies have developed interconnected food,
energy, transportation, and socioeconomic systems that
take advantage of existing climate conditions and, thus, are
vulnerable to climate changes.

E. Humon systems have developed during on unusually stable
period in Earth's clmate history.

F. Lfe on Earth, including microbes, plants, and animals such as
humans, can influence climate substontialy and has throughout
the evolution of life on the planet.

L Based on Climate Change: An Information Statement of
the American Meteorological Society [Adopted by AMS
Council on 1 February 2007 Bull. Amer. Met. Soc., 88

Source: Steve Fisher

At sunset over the Pacific Ocean,
anvil tops of thunderclouds
cast long shadows

E. The preponderance of scientific evidence indicates that
the observed increase in global average temperatures
since the latter part of the 20th century is very likely due to
documented increases in human-induced greenhouse gas
concentrations, primarily from the burning of fossil fuels?

F. Evidence indicates that changes in many physical and
biological systems are linked to human caused warming.!

Coal deliyered by
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'{ A. Solar energy heats Earth's surface and thus the atmosphere,

causing movements of air masses and introducing water in
Source: Forrest Mims III the glObOI water Cyde‘
Climate science is based on the assumption that Earth's

climate system is understandable and, therefore, that many B. Dailyverictions i solar encrgy aver Earih caused by

important aspects are predictable. the planet’s spherical shape, influence many weather and

climate processes.

Our understanding of climate differs in important ways

from our understanding of weather. Thus, dlimate scientists’ C. The tit of Earth on its axis causes solar energy to fall more

dbiity to predict cimate patterns months, years, or even directly on different parts of Earth during different times of the

decades into the future is not constrained by the limitations Lied esing) ) SEesons. drengies.

TSRS (o= [n ferecesting] MEsiner e mUc Siefisr D. Gradud changes in Earth's orbit around the Sun over tens of
; : i
mEseees feloys (5 wesls 1 e Rl thousands of years dlter the spatial distribution and intensity of

. We gain understanding of clmate and how it has changed

solar energy received on Earth, causing long-term warming
over time from observational data from weather stations, @nel conlng ienss, SUen o5 (62 6ges ene e WelmT [Peress

' ) ; in between them.
buoys, satelites, radars, ice and ocean sediment cores, tree

e, GeE CHEOElE, [Melivs [STovIEees, enel Cins: selits E. Gases in the atmosphere, such as carbon dioxide and water

. Observations, experiments, and theory used to construct and

vapor, temporariy trap infrared radiation from the warmed

refine computer models and develop scientific explanations SLifese of [Serin, Tite GEElione. Hemii i lite Shesgrans

lead to better understanding of the linkages between the cresliedlloy live greeniouse sifedt elows lig el wares

atmosphere-ocean system and how it relates to the overal end Gifiar e SUgpering| processies fo il o mud of

Earth's surface.

climate system's behavior.  As a resul, more relicble

projections of future climate changes wil develop over time. F Sinlight is the Uimate saurce of most of e energy usedl by

Fundamental characteristics of the climate system have ruries. lie @isigy I s el sudn 5 €, el g el

been researched and are understood wel enough to make el eomes (i) ET=el) GepitEs) [ong) 63 iem (1= St

SEERE 9y CEAUTEE [BiElEteiE e ol e Elmele s Q. Earth's cimate is remarkably sensitive to changes in the

Source: Forrest M. Mims III.

and, therefore, to support decision making, even though planet's energy baance?

research continues into many aspects of climate change.

) " A. Weather is understood as the atmospheric condtions at any
an example of the dynamic coupling between ocean

and atmosphere given time or place. Such conditions include temperature,

precipitation, humidity, air pressure, cloudiness, and wind

Circulation in and evaporation of water from the oceans speed and direction.

regulate the temperature of Earth. Changes in deep ocean

circuation in the past have produced large and rare, abrupt B. Cimate is understood as the atmospheric conditions (i.e.,

- weather varidbles) averaged over a long period of time
changes in climate.

. Relatively small increases in amounts of greenhouse gases—

such as carbon dioxide, methane, nitrous oxides and some
refrigerants—can magnify the greenhouse effect.

Interactions between components of the Earth's climate system
result in changes to the system and produce emergent
phenomena unique to the system. Human beings are an
integral part of Earth's clmate system. Human activities such
as fossil fuel burning or deforestation can aoffect climate and
alter the equilibrium of the climate system.

Source: Art Howard, ArtWorks

Decisions about human activities that offect climate and
climate change should involve weighing scientific evidence
against uncertainties about future economic growth, energy
use, ecosystem integrity, costs and opportunities, probabiities
and risks, moral values, and cultural norms.

[dentification and understanding of facts and assumptions
about climate change are essential to informed decision

Source: Scott Bauer, USDA

making to solve related problems.

C. Climate information can be used to reduce the vulnerability/

E. The atmosphere covers the entire surface of Earth; thus,

enhance the resiience of human communities and ecosystems; activiies that effect climate (e.g. energy use leading to

the importance of continuing to improve understanding of greenhouse gas release into the atmosphere) in one region

climate system is crucial. affect human beings and other species worldwide.

D. Industrialization has the potential to improve the qudiity of life in F.

Decisions of one generation both provide opportunities and

the short-term but also crectes long-term challenges, including limit the range of possibilties open to the next generation.

increased energy demand and the resultant adverse impacts

on ecosysterns and the dlimate system. Q. Decisions about energy use and adapting to the effects

associated with climate change are made ot all levels, from

g Based on IPCC 2007: The Physical Science Basls: Contribution of Working Group | the individudl to the g\ObCﬂ

& Based on IPCC, 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group I

C

2 Hansen, J., Mki. Sato, P. Kharecha, G. Russell, DW. Lea, and M. Siddall, 2007: Climate change

and trace gases. Phil. Trans. Royal. Soc. A, 365, 1925-1954, doi:10.1098/rsta.2007.2052

(season, year, or longer) and over a lorge area (region, @
continent, or larger).

C. Weather and climate variations, such as the seasons or
El Ninos and La Nifas, can be described by their duration,
magnitude or frequency. These variations range from a
fraction of a second to many years.

D. The temperature of a specffic place on Earth's surface tends
to rise and fal in a somewhat predictable pattern every day
and over the course of a year.

E. Differences in the intensity of sunlight warm Earth's surface
and produce daily, seasonal and long-term variations
in temperature.

F. Eorth's cimate hos changed in the past, is currently changing,
and is expected to change in the future.

Q. The consensus of scientific opinion s that the naturcal
processes driving Earth's long-term climate changes cannot
entirely explain the rapid changes observed in recent
decades, nor do they solely predict those projected for
coming decades.

H. Individuals as wel as community, government, business

and industry leaders can contribute to climate mitigation
and adoptation.

| Slowing or reversing human impact on climate change trends
might be accomplished by combining short-term strategies
-- such as conservation, more efficient use of resources,
and the switch from carbon-intensive energy to renewable
sources -- with long-term investments in technology research
and implementation, and by adopting sustainable development
strategies, such as buiding dlternctive energy infrastructure
and a “green” economy.

FURTHER INFORMATION

For future revisions and changes to this document or to

see documentation of the process used to develop this

brochure, please visit www.climate.noaa.gov/education.

In addition, further information relating to climate literacy and climate
resources can be found at: earthobservatorynasa.gov ® www.epa.

gov/climatechange * http://nsdlorg * www.educationnoca.gov
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arth’s climate has influenced human history in profound

ways, playing an integral role in whether societies thrive
or fal. And we now know that, conversely, human activities
-- such as burning fossil fuels and deforesting large portions
of lond cover — have a profound influence on Earth's climate.
To protect fragie ecosystems and buid sustainable
communtties that are resilient in the face of natural disasters
as wel as climate change, a climate literate citizenry is
essential. This fromework for climate lteracy identifies the
essential principles and fundamental concepts that individuals
need to understand in order to make appropricte decisions
about human activities that cffect the climate now, and to
prepare for adaptations to clmate change by
future generations.

Climate is an ideal interdisciplinary theme for education.

At a basic level, cimate is a function of the movement

of energy, water and carbon through time and space,
influenced by air, water, lond, ice, and living beings. This
complex topic can best be understood by beginning with
simple concepts and observations of weather and annual
cycles. Students can then build increasingly complex inquiries
into the many dimensions of climate: physical, chemical,
biological, geographical, social, economic, historical and even
technological. As students advance in their learning, this
educction can equip them to understand the interplay of these
factors on the climate and to use this understanding wisely in
their personal life and in their role as citizens.

Teaching weather and climate is a substantial yet rewarding
challenge that crosses numerous academic disciplines, The

Rising Above the Gathering Storm: Energizing and Employing
America for a Brighter Economic Future National Academies

report (http://wwwnap.edu/catalogphp?record id=T11463)

‘ Climate Literacy Poster - Final.indd 2
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highlights how the shortage of highly qualified K-12 teachers
has forced many of the nation’s 15,000 schoal districts to
employ teachers who lack a background in the subject
matter that they are asked to teach. Research indicotes
that some concepts, such as the role of Earth's axial tilt

in producing the seasons, and how longer-term orbital
fluctuctions cffect the distribution of solar energy reaching
Earth's surface, require a level of cognitive development
that make them incppropricte for teaching to younger
students. For the youngest students, the forecasts of meling
ice caps and the extinction of species can be emotionally
overwhelming, producing “eco-phobia” and a sense of
paralysis. Despite such concerns, it is nonetheless essential
that people of al ages gain an understanding of the science
and issues surrounding climate change and an appreciation of
their magnitude and significance, so as to make responsible
decisions about human activities that influence Earth's climate.

"WEATHER" The atmospheric conditions at any given time or place
Such conditions and others include temperature, precipitation, humidity,

air pressure, cloudiness, and wind speed and direction

"CLIMATE" The atmospheric conditions (ie. weather variables) averaged
over a long period of time (season, year, or longer) and over a large
area (region, continent, or larger) as well as the climatic extremes.

“CLIMATE FORECAST" A forecast for how rainfall or temperature in @ coming season is
likely to be different from climatology (see definttion). Climate forecasts are generally
based on the chances (or probability) that an event will occur, for example that

rainfall or temperature will be either below normal, near normal, or above normal.

“CLIMATE VARIABILITY" The range of values, such as temperature and
precipitation, for climate at a particular location can take over time.

“CLIMATE CHANGE" Refers to long-term changes in the climate. Climate
change can be natural, or might be caused by changes people have
made to the land and atmosphere (e.g., urbanization, pollution)

"CLIMATE SYSTEM" The five physical components (atmosphere, hydrosphere, cryosphere,
lithosphere, and biosphere) that are responsible for the climate and its variations

“LKELY AND VERY LIKELY" The Intergovernmental Panel on Climate Change
defines Likely and Very likely terms to indicate the assessed likelihood, using
expert judgment, of an outcome or a result: Virtually certain > 99% probability
of occurrence, Extremely likely > 95%, Very likely > 90% and Likely > 66%
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This guide is the product of a three-day workshop, Climate and
Weather Literacy: Using the ARAS Project 2061 Science Literacy
Research to Develop Weather and Climate Literacy Framework, in
April 2007. The National Oceanic and Atmospheric Administration
(NOAA) sponsored this workshop along with the American
Association for the Advancement of Science (AARAS). Organizers
included NOAA, NASA Goddard Space Flight Center, and the US
Climate Change Science Program's Communications Interagency
Working Group; the Department of Commerce and the NOAA Office
of Education hosted it. The event was planned and coordinated
by Ted Willard, ARAS Project 2061; Frank Niepold, NOAA Climate
Program Office; Christos Michalopoulos, NOAR Office of Education;
and Jon Lilley, NOAA Office of Education. Princioal authors of

the guide were Frank Niepold, NOAA Climate Program Office,

and Mark S. McCaffrey, Cooperative Institute for Research in
Environmental Sciences (CIRES)/University of Colorado-Boulder. Al
draft and final reports will be posted at NOAA's Climate Program
Office’'s Education site, wwiw.climate.noca.gov/education/.

The following people also made significant contributions to the
development and preliminary review of this guide (for a complete

The Essential Principles
of Climate Sciences

list of please visit http://www.climate.noaa.gov/education/).

Alan Gould, University of California Keith Dixon, NOAA/Geophysical
Lawrence Hall of Science Fluid Dynamics Laboratory (GFDL)
Christopher Riegle, WGBH Lesley-Ann L. Dupigny-Giroux,
Educational Productions University of Vermont Associate Professor
Cindy Renkas, NOAA Ocean Exploration & Vermont State Climatologist

Dan Barstow, TERC Margaret McCalla, Office of the

Dan Fernadez, Johns Hopkins University Federal Coordinator for Meteorology

David Herring, NASA Goddard Mark McCaffrey, Cooperative Institute for
.,

Research in Environmental Sciences (CIRES)

Marlene Kaplan, NOAA Office of Education

Space Flight Center
David Kirschtel, Consortium of

Universities for the Advancement Miriam Lund, U.S. Department of Education
of Hydrologic Science (CUAHSI) Pat Harcourt, Waquoit Bay National

Dian J. Seidel, NOAA Air Estuarine Research Reserve

Resources Laboratory Patsy Cicala, Indian River High

Diane Stanitski, GEOCATION, LLC School, Sussex County, Delaware

(formally with Shippensburg University) Peg Steffen, NOAA National Ocean Service
Frank Niepold, NOAA Peter Schultz, U.S. Climate

Climate Program Office Change Science Program Office

Joseph M. Moran, American Ron Gird, NOAA National Weather Service
Meteorological Society Susan Joy Hassol, Climate Communication

Josh Foster, NOAA Climate Program Office Tamara Shapiro Ledley, TERC

Karen M. Scott, U.S. EPA, Office of Air and Ted Willard, AAAS Project 2061
Radiation/Office of Atmospheric Programs Tim Eichler, Saint Louis University
Kathryn Parker, U.S. EPA, Office of Airand  tom Bowman, Bowman Design Group
Radiation/Office of Atmospheric Programs
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For an up to date list of partners please refer to NOAA's Climate
Program Office’s Education site, www.climate.noaa.gov/education.




