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How well do US college graduates
understand important science ideas?

1. A seed grows into
a large tree.
Where did the
mass of the tree
come from?

1. Whatif I told you
that the mass
comes mainly from
the carbon dioxide
in the air?
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Revolutionizing Earth System Science Education for the 21st Century Report, 2007 (page 34)
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Despite growing scientific evidence that global warming will have
serious impacts worldwide, public opinion is moving in the opposite
direction. Over the past year the United States has experienced rising
unemployment, public frustration with Washington and a divisive
health care debate, largely pushing climate change out of the news.
Meanwhile, a set of emails stolen from climate scientists and used by
critics to allege scientific misconduct may have contributed to an
erosion of public trust in climate science.

It is also clear that public understanding of climate change
fundamentals - that it is happening, is human caused, and will have
serious consequences for human societies and natural ecosystems
here in the United States and around the world - is heading in the
wrong direction. These findings underscore the critical need for more
and improved climate change education and communication.

Yale University and George Mason University, 2010
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Existence

Attitudes

Certainty

Human Responsibility
People’s Ability To Remedy It

JON A. KROSNICK, ALLYSON L. HOLBROOK, LAURA LOWE and PENNY S. VISSER, 2006, Stanford
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WEATHER AND CLIMATE (4g)

I he earth has a variety of climatic pat-

terns, which consist of different conditions
of temperature, precipitation, humidity
wind, air pressure, and other atmospheric

phenomena. These result

m il Viriety

of factors. Climate and changes in climate

have influenced in the past and will

NOTES

The left-hand side of the temperatire and
wrfneds strand presents a progression of

sons. The explanation of

the seasons in terms of the tilt of the carth
requires students to engage in fairly complex
spatial reasoning. For this reason, although
the idea is introduced at the 6-8 grade level

in Benciwmarks, the map places it (4B/H3)

RESEARCH IN BENCHMARKS

Because the earth tums daly on an
i that i tited relative 1o th
plant of the earth's yeerty ortit
around the sum, sunlight falls more
mtemely on different parts of the
warth during the year The difference

Tranafor of themmal energy betwven
the atmasphere and the Land o
CPam DO Wmperatune
gradents in the atmosphere and
The ogeans. Regiees ot dsferent

e 1o Of sink o
witcs anl oce
These winh and pcean
wwhich s sl alfected by
the earths rotation and the shape
of e Land, cany thermal emergy
from warm to cool areas. 2*

£ ok

Life s adapted bo condiions on the
arth, inchuding the ooce of grity
that mabies the planet to praain an
adequate atmosphere, and an

imiersiny ol eicitomagnems wives
frem the sun that allows wat
Tpaid state 4RI *
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WEATHER AND CLIMATE

The eirth's chmates have changed
n the past, are curmently changing,
- b
¢ RS P and ars expected b charge in the
. e, a0d fom fature, primariy due to changes in
~ poud 1‘:;‘“."{"""?“ e amount of Ik aching places
ocears, and ket Do . onthe garth and the comasition of
processes such s cloud ™
~ fomation, ccean cuments,
and atmospheric circ

on
paneres infuence clmates ay
IS contributed to earth's warming
f4 o ARHE** [STAR]
Pants on land and under o

wates alter the earth's

Geveshouse gises in the
atmosphee, such i carkon dio
and wrler ¥apot, e tEanpan

- - warmed surlace of
coment of he s 41" vemhouie quies increise, mere
LI » thermal energy is trapped in the

atmasphere, and the temperature of
the sarth incresses the lght mergy

n ¢ and the n i, eghons that have
\ + . n until
continue to influence what Kinds of life at the 9-12 level swsulting varmig of the earth's  delerent temperatuees. have ‘m.""l"‘_‘_:“:‘i:‘"' oo
i sartacn peocices the saasenal diferent densities. The action THES I G S P
forms are able to exist, Understanding i 1 o of a graviuional fowtn o0 regioes om ABHA" " (SFAR)
‘ 5 = Jdated to the heating ¢ . of difer o2

the basic principles that contribute to Benchmarks relited to the heating of materi A y oty s

als and the transfer of thermal energy lay the an ot
maintaining and causing changes in 2 & '::"I JE:-“!":"“‘-'T&.

g conceptual groundwork for understanding - :

weather and climate increases our ability = L

silar heating. global circulation, seasonal

o ki A b ’ " 1 The b of hous
to forecast and moderite the effects of weather patterns and climate, and the effect :
. P sometan chursped
weather and to make informed decisions of greenhouse gases understand how ot vary In & predictabie the world Areas near oceans tend 1o have .-l.m.‘m,m.-.-;u
& i : : : 3 e that depends n how lat e Mmosder i ReTperatures Thin [hey s
about human activities that may contribute thermal energy moves in both oceanic and morth or south of the equator would if they weve Larther inland butat e it
to climate change nospheric systems, students need to know the place . This variation - the Lame latitude becasie waterinthe The atmasghere 1 & mitture . ot impacts of huge
1 ’ X explans why temperature vary ‘ooeans can hold a large amount of of nitsogen. aygen, and trace rocks from space.
The map is organized around four that convective currents are an essential cvver thie courss ol the year and thermal energy LBAS* amounts of water vapc, BN
L 2t Gifferenst ocations. 4BM13** F carhen dhueie, and ather 7
y i mechanism that aids in that movement. In

strands—temperature and wineds, water ; i - guies SRMIS®* (NSES)

middle school, understanding of convection Thesmal eneegy b transfermed a2 material i

The temperature of a place on the earth’s

cyele, atmosphere, and climate chang

by the collisions of atoms vthin the mater
theemal ety ends 10 spresd
2 material and from one ma

Viater evaporates from the surlace of
the earth, rines and tool, condera
ks i Sy, gl The sarth hus. & variety of

surlace tends to rise and fal n 2
somwhat predictable pattem avery day
and ever B cor of a yeae. The pattem

currents is linked to experiences with rele

I'he progression of understanding b

vant phenomena. Understanding convection

in the elementary grades with observations
about heat transfer, changes in water

from one state to another, and changes

in weather over the course of a day and
over the course of seasons. By middle

schoal, the focus is on the water cycle

in terms of gravity, buoyant forces, and pres-
sure is not expected until high school. It is

not necessary for students to have a molecu-

lar comprehension of thermal energy to be
able to understand atmospheric and oceanic

circulation patterns and their role in climate

semperaiure changes obsseved in 8

above s level it i ABAI2*"

2 b W

Light and other slectromagnetic
waves can warm chiects. How much

i contac, Theemal enesgy
=3

the surface The water Laling on land
coects in rivers and lakes, s0d, and
ipoeous, layers. of rock, and much of it
flows Back into the oceans. The
Cyching of warter n and ot of e
atmosphere is a significant aspect of
the weather pattems on earth
M

PO

dlimates, defined by average
TIPSR pcpiison Human acities, such a1 reducing
thet armousn of forest cowed, increarsing
e amount and variety of chemicals
released info the stmosphere, and
4 Intemive farming, have changed the
warth's and, ooear, and atmowhers
Sema of these thanges have
deorased the capacty of the

partiauar place. SBM14°*

The earth s mostly rock Thive-

. erial, 43¢ 5 et 19 Luppert some i
x | pospenliomiangs g bt thermal energy waterial, 4EMY Tourths of the earth's surlace s e PP
patterns of change in temperature, and Several lines of conceptual development con- depats n how iménse e lght 4 i Ay i
he [ ¢lim § e, In high strdking its surtae i, how long e hayes o water s
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school, seasons and winds and the water Climatic conditions result from..." These AEME Layer o air. AR 26"
cvcle are related to gravity and the carth's include an understanding of temperature pat- i .
rotation, and climate change is related to termns over the earth, atmospheric and When liud water disappean, ft T veasher b abways changing and
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See ENERGY RESOURCES

1 ENERGY TRANSFORMATIONS

for additional ressarch.
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THE PHYSICAL SETTING

. 4
The earth's climates have changed WEATHER AND CLIMATE

in the past, are currently changing, 9-12 e s pid ooy
. earth, incleding ree of gravi
and are expected to change in the St v W o e Theeart's s have chonged
intensity of elpclrnma'gﬂnlic waves Climatic canditions result from 10 PHE L B NN Clotin,

and are expected to change in the
future, primarily due to changes in
the amount of light reaching places
on the earth and the compasition of

future, primarily due to changes in
the amount of light reaching places
on the earth and the composition of
the atmosphere, The burning of fossil
fuels in the last century has
increased the amount of greenhouse
gases in the atmosphere, which has
contributed to earth’s warming,
4B/HE6™* (SFAA)

from the sun that allows water to b2 [atitude, altitude, and from the
present in the liquid state. 48/H1* +. Position of mountain ranges,
oceans, and lakes. Dynamic
processes such as cloud >
» formation, ocean currents,
and atmospheric dirculation

Transfer of thermal energy between
the atmosphere and the land or
oceans produces temperature Ak
gradients in the atmosphere and
the oceans. Regions at different
temperatures rise or sink or mix,
resulting in winds and ocean patterns influence climates as
currents. These winds and ocean w well 4BMH5"* (NSES)
currents, which are also affected by A4 A
the earth’s rotation and the shape
of the land, carry thermal enengy
from warm to cool areas. 4B/H2*

4 A A 1

" the atmosphere. The burning of fossil
fuels in the last century has
increased the amount of greenhouse
gases in the atmasphere, which has
contributed to earth’s warming.

Plants on land and under
water alter the earth's
atmosphere by removing
carhon diowide from it,
using the carban to make
sugars and releasing
oxygen, This process is

(Greenhouse gases in the
atmosphere, such as carbon dioxide
and water vapor, are transparent to
much of the incoming sunlight but
not 1o the infrared light from the
warmed surface of the earth. When
greenhouse gases increase, more
thermal energy is trapped in the

Because the earth tums daily on an
axis that i tilted relative to the responsible for the oxygen
plane of the earth’s yearly orbit content of the air, 4CH1*
around the sun, sunlight falls more 1

in!r:ss!y ki d'i‘ﬂurwl %‘"‘z‘g the g atmosphere, and the temperature of
earth duning the yéar. The difference 3
in intensity of sunlight and the In a fluid, regions that have :];.:Eh.::ma:ﬁ th':illl??::‘rw
resulting warming of the earth's different temperatures have v ul als rhlu‘lingh“re(:vu abso?ﬁ[-q
surface produces the seasonal different densities. The action ?‘q 2 sl qm‘;fj‘_r"erI
variations in temperature, of a gravitational force on regions o o o
4BH3** (BSL) of different densities causes them
A » to rise or fall creating currents
that contribute to the transfer
of energy. 4E/HE** (BSL)
X
The number of hours of daylight Thermal energy carried by ocean curents F Climates have
6 8 and the intensity of the sunlight has a strong Influence on climates around sometimes changed
= both vary in a predictable the world, Areas near oceans tend to have abruptly n the past
pattern that depends on how far maore moderate temperatures than they a5 a result of
north or south of the equator would if they were farther inland but at ™ volcanic eruptions
the place is. This variation - the same latitude because water inthe The atmosphere is @ mixture or impacts of huge
explains why temperatures vary oceans can hold a large amount of of nitrogen, oxygen, and trace Y rocks from space.
over the course of the year and thermal energy. 48/M9* amounts of water vapor, AB/ME*
at different locations. 48/M13°* . 4 carbon dioxide, and other
A gases. AB/M15** (NSES)
The temperature of a place on the earth's Thermal energy is "3"5"’“‘? Uyough & materia) 1
surface tends to rise and fall in a by the callslons of atoms within the material Water evaporates from the surface of
somewhat predictable pattem every day Over time, the thermal energy tends to spread the earth, rises and cools, condenses
and aver the course of a year, The pattern o througlt' A [matcalar from o pateriad Inta rain or snow, and falls again to The earth has a variety of
of temperature changes observed in a 1‘;: :?sized'lri::f;::btU::::rst:L:‘-::;mi? the surface. The water falling on land ~ dlimates, defined by average
place tend to vary depending on how far SR ol s 5;" i e . collects in rivers and lakes, soil, and temperature, precipitation, Human activities, such as reducing

north or south of the equator the place is,
how near to oceans it is, and how high
above sea level it is. 4B/M12**

& *

porous kayers of rock, and much of it Thumidity, air pressure, and
flowes back into the oceans. The wind, over time in a
cycling of water in and out of the particular place. 4B/M14°*
atmasphere is a significant aspect of A

the amount of forest cover, increasing
the amount and variety of chemicals
released into the atmosphere, and

thermal energy in all materials is transformed into
light energy and radiated into the environment by
electromagnetic waves; that light energy can be

transformed back into thermal energy when the
electromagnetic waves strike another material

the weather pattems on earth

intensive farming, have changed the
earth's land, oceans, and atmosphere.

| terial | I Ml & Some of these changes have
Light and other electromagnetic As a result, a material tends to cool down unhess " : il cglu e
waves can warm objects. How much some other form of energy is converted to The earth is mostly rock. Three- 1 pacity
an object’s temperature increases thermal energy in the material. 4E/M3* fourths of the earth's surface is .En\lliol;lr:hl:‘[?m support some life
depends on how intense the light 4 covered by a relatively rhin forms. :
striking its surface is, how long the layer of water (SDI'“'_! of it _
light shines on the object, and how frozen), and the entire planet is
much of the light is absorbed. surroundled by a relatively thin
AE/ME"* . layer of air. 4B/M2ab*

A A

When warmer things
are put with cooler
ones, heat is
transferred from the o T T et

When liguid water disappests ft The wvather_ls always changing and
3 5 turns into a gas (vapor) in the air ) he: .d“("w DF R irabie
- and can reappear as a liquid quantities such as temperature,
when cooled, or a5 a solid if wind direction and speed, and
cooled below the freezing point precipitation. Large masses of air
of water, Clouds and fog are With certain properties move across

made of tiny droplets or frozen the surface of At
crystals of water, 4B/E3* movement and interaction of these

When warmer things

warmer ones to the
A warmer object can cooler ones, 4E/E2L*

warm a cooler one

warmer ones to the
by contact or at a T .
cooler ones, 4E/E2b* : e

up space and whose
movement we feel as
wind. 4B/E4"

Water can be a liquid or a solid

K— 2 and can go back and forth from  VVAter left inanopen  The temperature and
one form to the other, If water s Container disappears,  amaunt of raiin (or snow)
wirmad intn fea and then tha s~ DUt watter ina closed tand 10 be hiah. low or




Communicating and
Learning About
Global Climate Change

An Abbreviated Guide for Teaching Climate Change,
from Project 2061 at AAAS frinicar vecinien ven freAsnrennn o e

o WEATHER AND CLIMATE

e USE OF EARTH’'S RESOURCES
e ENERGY RESOURCES

o INTERDEPENDENCE OF LIFE
e SCIENTIFIC INVESTIGATIONS

e INTERACTION OF TECHNOLOGY
AND SOCIETY

e DECISIONS ABOUT USING
TECHNOLOGY

« PATTERNS OF CHANGE
project « MORE TO COME...

AVAAAS
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...a continuum of competency and is an ongoing process.

Literacy Target
Progression Audiences

Climate
science
engaged

Climate science attentive

Climate science interested

Uninterested and/or unaware
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Climate Scuencé‘*t_._ acy is.
...an understanding of your influence on climate and climate’s
influence on you and society.

A climate literate person:

 understands the essential principles of Earth’s climate system,

« knows how to assess scientifically credible information about climate,

o communicates about climate and climate change in a meaningfu/ way, and

e is able to make /informed and responsible decisions with regard to actions
that may affect climate.



Climate Literacy: The Essential Principies of Climate
Science presents information that is deemed
important for individuals and communities to know
and understand about Earth’s climate, impacts of
climate change, and approaches to adaptation or

mitigation. Principles in the guide can serve as
discussion starters or launching points for scientific
inquiry. The guide aims to promote greater climate
science literacy by proyiding this educational
frameworlk of principles and concepts. The guide
can also serve educators who teach climate science
as a way to meet content standards in their science
curricula.

Development of the guide began at a workshop
sponsored by the National Oceanic and Atmospheric
Administration (NOAA) and the American
Association for the Advancement of Science (AAAS).
Multiple science agencies, non-governmental
organizations, and numerous individuals also
contributed through extensive review and comment
periods. Discussion at the National Science
Foundation- and NOAA-sponsored Atmospheric
Sciences and Climate Literacy workshop contributed
substantially to the refinement of the document.

To download this guide and related documents,
visit www.climatescience.goyv.

.5, Global Change Research Frogram /
Climate Change Science Program
1717 Pennsylvania Avenue, YWY Suire 250 Washington DC 20006 USA,
+1.202 223 6262 (VMaoice) + 1.202 223 3065 (Fax)
http A climatescience goy
climate literacy@@climatescience gov

Current Science and Educational Partners:
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Use the "Climate Literacy: The Essential Principles of Climate Science” (Version 2, March
2009) framework to organize resource development.

Establish a voluntary national climate education curriculum for K-16.
Continue investments in climate education research that lead to more effective strategies.

Provide a focus within individual agency programs on professional development for formal
educators.

Support creation of interpretive and educational programs and products that leverage
existing outreach and extension networks and informal science education venues.

Develop new resources and tools that utilize “new media” and emerging outlets for
widespread dissemination and public engagement in climate.

Foster development of an agency-wide protocol for designating and labeling educational
programs of merit (Climate education collections)

Establish mechanisms for monitoring public understanding of climate literacy, and related
actions.

Coordinating Federal Investments in Climate and Earth System Science Education
-- Developed from ongoing discussions within the USGCRP Education Interagency Working Group



Climate Change Bigifs

The security and stability of each nation
and all peoples -- our prosperity, our
health, and our safety -- are in jeopardy.
And the time we have to reverse this
tide is running out.

And yet, we can reverse it. John F.
Kennedy once observed that "Our
problems are man-made, therefore they
may be solved by man." It is true that
for too many years, mankind has been
slow to respond or even recognize
the magnitude of the climate threat. It
is true of my own country, as well. We
recognize that.

But this is a new day. Itis a new era.
And | am proud to say that the United
States has done more to promote clean
energy and reduce carbon pollution in
the last eight months than at any other
time in our history.

—President Barack Obama

UN Summit on Climate Change,
September 2009



Frank Niepold
National Oceanic and Atmospheric Administration
Climate Program Office (UCAR),
Washington, D.C., USA
frank.niepold@noaa.gov

http://www.climate.noaa.gov/education/
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Transfer of thermal energy between
the atmosphere and the land or
oceans produces temperature

Life is adapted to conditions on the
earth, including the force of gravity
that enables the planet to retain an
adequate atmosphere, and an

intensity of electromagnetic waves
from the sun that allows water to be
present in the liquid state. 4B/H1*

Climatic conditions result from
latitude, altitude, and from the

The earth's climates have changed

in the past, are currently changing,
and are expected to change in the
future, primarily due to changes in
the amount of light reaching places

L on the earth and the composition of
the atmosphere. The burning of fossil
fuels in the last century has
increased the amount of greenhouse

. Position of mountain ranges,
" oceans, and |akes. Dynamic
processes such as cloud
____» formation, ocean currents,
and atmospheric circulation
patterns influence climates as
- well. 4B/H5** (NSES)

gradients in the atmosphere and

the oceans. Regions at different
temperatures rise or sink or mix,
resulting in winds and ocean
currents, These winds and ocean
currents, which are also affected by
the earth's rotation and the shape

A

//’ gases in the atmosphere, which has
T Ad A - contributed to earth’s warming.
A1 e 4B/HB** (SFAA)
/ // i / Plants on land and under " A Y
of the land, carry thermal energy /\/ / / water alter the earth's |
from warm to cool areas. 4B/H2* / atmosphere by removin ; \
7 [Laid ving Greenhouse gases in the |
/’ 4‘ A 3 / // \; carﬂor:r?m'c:’e "?: , e atmosphere, such as carbon dioxide I'.
e / g // / \ :ljlglgrs ai;arrelgsingma and water vapor, are transparent to |
A / | v ; n ¥ |
Because the earth tums daily on an / 4 4 Y, .-"f oxygen. This process is nm;cgo{;;h;;r;o@g I‘?ghﬁi:tl:%htthtm |
axis that is tilted relative tothe / | s S \ responsible for the oxygen g |
; . / \ / / M . w  warmed surface of the earth. When |
plane of the earth's yearly orbit / \ S/ / content of the air. 4C/H1 greenhouse gases increase, more \
around th sun, suniigh falls more \ / I\ /A A hermalemersy i wappedinthe ﬂ,
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No matter how well one theory fits observations, a new theory might fit them just as well or better, or might fit a
wider range of observations. In science, the testing, revising, and occasional discarding of theories, new and old,
never ends. This ongoing process leads to an increasingly better understanding of how things work in the world but
not to absolute truth. Evidence for the value of this approach is given by the improving ability of scientists to offer

reliable explanations and make accurate predictions. (AAAS, 1A/H3)

JLE E = eIl O orier
E L= 10D WaaLs 2 TLEUTE
wa Qon unoar g O nxa o I oS ONange
1 .
DN ne ro DSEr Dol Qo T Wane (SR
. . R . }
DD - 25 o 2 £ 2] L~ COras L~ ~
. [
E =SS B ANonragne - JrCE
s, BEXDE ETLE & E ialn 1=

1 EVEInD SEen | BN

There is a danger of choosing only the data that show what is expected by the person doing the choosing. (AAAS,
9D/E5c)




Climate Literacy
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WEATHER AND CLIMATE
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Guiding Principle. Humans can take actions to reduce climate change and its impacts

1. The Sun is the primary source of energy for Earth’s climate system

2. Climate is reqgulated by complex interactions among components of the Earth
system.

3. Life on Earth depends on, is shaped by, and affects climate

4. Climate varies over space and time through both natural and man-made
processes

5. Our understanding of the climate system is improved through observations,
theoretical studies, and modeling

6. Human activities are impacting the climate system

7. Climate change will have consequences for the Earth system and human lives



