Developing a Framework for Climate Literacy:

The Case for Climate Literacy in the 21st Century

Frank Niepold
National Oceanic and Atmospheric Administration
Climate Program Office,
Washington, D.C., USA




= Private Universe Project

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?

What if I told you
that the mass comes
mainly from the
carbon dioxide in the
air?




) Climate Literacy

What does a climate literate citizen look like?

How would a climate literate citizen make informed
decisions?

How can the we assist in ensuring climate literate
citizens?

How can the we inform the climate literate citizen’s
decisions?




Where Is The Public?

Views on Global Warming

ABC News/Washington Post/Stanford and OSU polls

ONow 2006 (11998 (11997

Think it's Personally seeit Know atleasta Think scientists Think it's caused
probably as veryl/extremely moderate amount disagree aboutit mostly by things
happening important about it people do

ABC News/Washington Post/StaigiisigsieisisReSly)




Where Is The Public?

World's Biggest Environmental Problem

(open-ended responses)
ABC News/Washington Post/Stanford poll

ONow 2006

13% 13%

Global Air pollution Energy problems Toxic pollutants Water pollution
warming/climate

change ABC News/Washington Post/StanjisigsieisisReS1Y




w J Effective Communications about
§ Global Warming

Existence

Attitudes

Certainty

Human Responsibility
People’s Ability To Remedy It

J. Krosnick, 2006, Stanford




Climate Literacy is...

...a continuum of competency

Literacy Target
Progression Audiences

Climate

science

DECISION MAKING

Climate science attentive
KNOWLEDGE

Climate science interested

AWARENESS
Uninterested and/or unaware

Long-term, the vision expects a society capable of informed decision-making
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Communicating and R
Learning About
Global Climate Change

An Abbreviated Guide for Teaching Climate Change,
from Project 2061 at AAAS

P RO ECT 2061

e 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

e PATTERNS OF CHANGE
e MORE TO COME...

AVAAAS



THE

PHYSICAL SETTING

WEATHER AND CLIMATE (8

TRANSFORMATIONS

SCIENCE AND SOCIETY
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Students of all ages (including college students and adults)
have difficulty understanding what causes the seasons.
Students may not be able to understand explanations of the
seasons before they reasonably understand the relative size,
motion, and distance of the sun and the earth (Sadler, 1987;
Vosniadou, 1991). Many students before and after instruction
in earth science think that winter is colder than summer
because the earth is farther from the sun in winter (Atwood
& Atwood, 1996; Dove, 1998; Philips, 1991; Sadler, 1998).
This idea is often related to the belief that the earth orbits
the sun in an elongated elliptical path (Galili & Lavrik, 1998;
Sadler, 1998). Other students, especially after instruction,
think that the distance between the northern hemisphere
and the sun changes because the earth leans toward the sun
in the summer and away from the sun in winter (Galili & Lavrik,
1998; Sadler, 1998). Students’ ideas about how light travels
and about the earth-sun relationship, including the shape of
the earth’s orbit, the period of the earth's revolution around
the sun, and the period of the earth’s rotation around its axis,
may interfere with students’ understanding of the seasons
(Galili & Lavrik, 1998; Salierno, Edelson, & Sherin, 2005). For
example, some students believe that the side of the sun not
facing the earth experiences winter, indicating a confusion
between the daily rotation of the earth and its yearly revolution
around the sun (Salierno, Edelsan, & Sherin, 2005).




Transfer of thermal energy between
the atmosphere and the land or
oceans produces temperature
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

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*

X

> formation, ocean currents,

_ well. 4B/H5** (NSES)

Climatic conditions result from
latitude, altitude, and from the
~_Position of mountain ranges,
" oceans, and lakes. Dynamic
processes such as cloud

-

" v The earth’s climates have changed
in the past, are currently changing,
. and are expected to change in the
SD/H2* future, primarily due to changes in
the amount of light reaching places

and atmospheric circulation
patterns influence climates as

, on the earth and the composition of
the atmosphere. The burning of fossil
fuels in the last century has

increased the amount of greenhouse
E/h 7 gases in the atmosphere, which has
4 " contributed to earth’s warming.
AL P 4BIH6** (SFAA)
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Light and other electromagnetic .

waves can warm objects. How much
an object’s temperature increases
depends on how intense the light
striking its surface is, how long the
light shines on the object, and how

much of the light is absorbed.
4E/M6**
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As a result, a material tends to cool down unless
some other form of energy is converted to
thermal energy in the material. 4E/M3*
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4B/M7*
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ways: 1) thermally, when a warmer object is in contact
with a cooler one; 2) mechanically, when two objects
push or pull on each other over a dstance; 3)
electrically, when an electrical source such as a battery
or generator is connected in a complete circuit to an
electrical device; or 4) by electromagnetic waves.

frozen), and the entire planet is

surrounded by a relatively thin
layer of air. 48/M2ab*

the amount of forest cover, increasing
the amount and variety of chemicals
released into the atmosphere, and
intensive farming, have changed the
earth’s land, oceans, and atmosphere.
Some of these changes have

decreased the capacity of the

environment to support some life
forms. 4C/M7




Framework for Climate &
Weather Education Workshop
Summary Report




A CLIMATE-ORIENTED APPROACH
TO TEACHING SCIENCE STANDARDS

CLIM A 7E LZT7ECH Yy

ESseENTIAL PRINCIPLES

AND FHNDAMENTAL
CONCEPTS

mmmmanxmmmnmwm AL CONCEPTS

COMPARABLE TO THOSE UNDERLYING THE NATIONAL SCIENCE EDUCATION STANDARDS (NSES)
ANDAMBRICANASSMAHONFORMADVANWOFSQENCB(AAAS)MMARK&
mmrmwmmmmmmmmhmmmammumm




We understand the climate

Life on Earth has been shaped by, system thro ihearvalio
1 depends on, and affects climate. and mnd!ﬁ-:;?h =
LIFE & CL

No matter how well one theory fits observations, a new theory might fit them just as well or better, or might fit a
.. al o4 wider range of observations. In science, the testing, revising, and occasional discarding of theories, new and old,
nclui never ends! This ongoing process leads to an increasingly better understanding of how things work in the world
h="L byt not to ‘absolute truth. Evidence for the value of this approach is given by the improving ability of scientists to

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

vEI-hr. - - T T
H are undesrstood we
SD/H1) _
making, even though e ¥
dynamics of climate dhangs 124/

Changes in environmentzl conditions can affect the
survival of individual organisms and entire species,
{Bazed on AAAS, SF/M2b)

H3)

Data gathered through observations from weather
stations, buoys, satellites, ice cores, tree rings,

cave deposits, and other sources provide an
understanding of past climates and climate changes.

Human societies have developed food, energy,
transportation, and social systems that are
dependent on climate and wulnerable to dimate
changes,

Using observations, logic, and experi
construct and refine computer m=
explanations leads to better

These human systems have developed during =
relatively stable pericd in Earth’s climate history.

' Life o There is a danger of choosing only the data that show what is expected by the person doing the choosing.
=nc 11 (AAAS, 9D/E5C)

subst

Source! yad Yadhioan, CHRES Outressl, (3035 7359-054]

Yy Souvoe: Forrest M. Mines [T, Geronimo Creelr Ohssnatony, (830) 372-6548




THE PHYSICAL SETTING

Climate Literacy WEATHER AND CLIMATE

Essential Principle 5/

idapted to conditions on the Fundamental Concept G
ncluding the force of gravity
ables the planet to retain an
ite atmosphere, and an

y of electromagnetic waves Climatic conditions result from
@ sun that allows watertobe  [atitude, altitude, and from the
1in the liquid state. 4B/H1* - position of mountain ranges,

A » ~ oceans, and lakes. Dynamic

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
. on the earth and the composition of
processes such as cloud e > the atmosphere. The burning of fossil
| N — formation, ocean currents, fuels in the last century has
== and atmospheric circulation increased the amount of greenhouse
‘ patterns influence climates as ¥ gases in the atmosphere, which has
— well. 4B/H5"* (NSES) contributed to earth’s warming.
4B/H6** (SFAA)
Plants on land and under A4 A A
‘ water alter the earth's
; ) atmosphere by removing |
Climate Literacy carbon dioxide from it,

Greenhouse gases in the
) X ; atmosphere, such as carbon dioxide .‘
Essential Pr|n0|ple S/ Uiy the castion to fnake and water vapor, are transparent to \

sugars and releasing
oxygen. This process is
responsible for the oxygen

much of the incoming sunlight but
not to the infrared light from the
warmed surface of the earth. When

Fundamental Concept F

content of the:"' ACH1” greenhouse gases increase, more
i 4 A % 5 thermal energy is trapped in the
e e S | % atmosphere, and the temperature of
Climate Lite racy the earth increases the light energy
. . radiated into space until it again 1
Essential Principle 3/ equals the light energy absorbed
Fundamental Concept E from the sun. 4B/H4** (SFAA)
[\ |




The Sun is the primary source of

Earth's energy

DRIVES EARTH SYSTEM

Solar energy heats the atmosphere and
water through the global water cycle.

Daily wvariations of solar energy caused
rotation drive many weather processes,

The tilt of Earth on its axis causes sunli
more intensely on differsnt parts of Ear
year, resulting in seasonal changes {Bas
4B/H3)

i. Changes in Earth's orbit around the sun

thousands of years alter the amount of
received on Earth and impact long-term
processes such as Ioe Ages

Greenhouse gases in the atmosphers, =
carbon diovide and water vapor, trap in
from the warmed surface of Earth, crea
“Greenhouse Efect” which allows liguid
exist on much of Earth's surface (Based
H4l

Sunlight is the ultimate source of most
we use, The energy in fossil fuels such
coal comes from energy that organisms

through photosynthesis from the sun lo
[Based on BAAS BC/HE)

Earth's weather and climate system are the
result of complex interactions between land,

ocean, ice and atmosphere.

COMPLEX INTERACTIONS

Solar energy drives Earth's clima

vary over time and place.

5 Earth's weather and cimate

Earth's land, oceans, and atmDE[v'ﬁ-RIABII—Iw & CHANGE

transfer heat (energy) differently
dynamic climate system

Earth's atmosphere and ocean ar
and impact climate in complex w

Water cycling is fundamental to

The water cycle is closely connet
carbon cycle through biologic pre
photosynthesis and decay, and cl

Earth's atmosphers is the priman
and climate factors such as temp
air pressure, and wind.

Ocean circulation serves as a the
Changes in the ocean’s cinculatio
large, abrupt changes in climate

Relatively small amounts of gree
as carbon dioxide, methane and
as refrigerants can significantly r
Greenhouse Effect,

Human beings are part of Earth's
Human acktivities can, delioerae
alter the equilibrium of the clima
on ARAS, SD/HZ)

"Weather” is the state of the atmosphere at 2
particular place and time and is influenced by dimate
and many local factors.

"Climate"” describes the prevailing or general
wieather conditions for an area, or for the entire
nlanet.

Cycles, such as the seasons or weather extremes,
can be described by what there cycle length or
frequency is, what their highest and lowest values
are, and when these values cocur Different cycles
range from many years down to a fraction of a
second. (Based on AAAS, 11C/M&*)

The temperature of a place on Earth's surface tends
to rize and fall in a somewhat predictable pattern
every day and over the course of a year. [BAAS 4B/
M12)

Differences in the intensity of sunlight warming
Earth's surface produce the daily, seasonal and very
ong-term variations in temperature. [Based on
AAAS, 4B/H3b)

Earth's changing climate states are defined by the
average temperature, precipitation, humidity, air
oressure, and wind, over long timescales. (Based on
AAAS, 4B/H5a)

Earth's climate has changed in the past, is currently
changing, and is expected to change in the future.
{Based on BAAS 4B/M14)

Matural processes that drive Earth's long-term



Recent climate change is primarily
6 caused by human activities.

HUMAMN ACTIVITIES

Human beings are a significant part of Earth's
climate system.

Human activities, such as buming fossi

fuels and increasing the amount and variety

of chemicals released into the atmosphere,
reducing the amount of forest cover, and rapidly
expanding farming and industrial growth have
changed Earth's land, oceans, and atmosphere
and altered Earth's climate. [BRAS, 4C/M7a)

Some changes resulting from human activities
nave decreased the capacity of the environment
0 SUppPOIT various species,

(Based on AAAS, 4C/M7hH)

The observed increase in global average
temperatures since the mid-20th century is
very likely due to the observed increase in
human-induced greenhouse gas concentrations,
primarily from fossil fuel combustion and
deforestation. (Based on IPCC, Z2007)

Seurce’ Ryew Vadhan, CTRES Duteescl, (303) F35-3841

Souncer Sooll Bauer

MAKING DECISIONS

Earth's climate system is influenced by
human decisions, which are complex and
involve economic costs and social values,

Decisions about the future involve weighing
scientific evidence with uncertainties about future
economic growth and energy use, costs and
opportunities, moral values, and cultural morms.

Informed decision making is more effective when
key assumptions and the basic facts are daarly
identified and understood.

Population growth and industrialization increase
demands for energy, potentially improving quality
of life but also affecting dimate worldwide. [Based
on ABAS, TG/M3)

The atmosphere is global, and decisions about
energy use made in one region affect people and
other species worldwide,

The decisions of one generation both provide and

[imit the range of possibilites open o the next
generation, {Based on ARAS, TC/H3)

Decisions about energy use and adapting to
climate change are made at all levels, from the
individual to the global. {Based on AAAS, BC/HIT)

Societal change is triggered at the individual and
community levels, and by leadership of industry



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
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/H6™* (SFAA)

When warmer things
are put with cooler
ones, heat is
transferred from the
warmer ones to the
cooler ones, 4E/E2b*

warmer things

with cooler

s and fog
oplets or fi

ed to forecast the

* (NSES)
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CLIMATE PROGRAM OFFICE

Understanding climate variability and change to enhance society’s ability to plan and respond

ABOUT CLIMATE OPPORTUNITIES EDUCATION DATA & PRODUCTS LIBRARY MEWS & EVENTS

e Education

PROGRAM ACTIVITIES

_ Education Plan Students Educators Multimedia Opportunitics Post-1ocs Ficld Research Seminars
INTERNATIONAL

Resources
ROGRAMS CLIMATE LITERACY: ESSENTIAL PRINCIPLES AND
FUNDAMENTAL CONCEPTS Diraft

Comments

COOPERATIVE INSTITUTE FOR RESEARCH
iN ENVIRONMENTAL SCIENCES

COBSERVATION & ANALYSIS

CLIMATE FORCING DRAFT COMMENT PERIOD; Due 20 December 2007

FREBICTIONS & BREGECTIONS | This guide was developed with input from recent workshops and discussions; this guide reflects the
CLIMATE & ECOSYSTEMS current efforts in defining climate literacy. It is inspired in part by the work conducted by AAAS Project
2061, federal science agencies, educators and other organizations to identify essential principles and
fundamental concepts for Ocean Literacy and related work in other areas of Earth systems science

education. References associated with particular key understandings are from AAAS Project 2061
benchmarks and other citations.

As a result of the "FRAMEWORK FOR CLIMATE & WEATHER EDUCATIOMN" Workshop, cosponsored by
NOAA and AAAS Project 2061 and the "Workshop on Atmospheric Science and Climate Literacy”
recently held on November 27 - 29, 2007 by UCAR, AGU, and CIRES, funded by NSF and NOAA, the

second and final draft of the "Climate Literacy: Essential Principles and Fundamental Concepts” have
been developed.

REGIONAL DECES DN SUPPDRT

The draft (pdf} is open for comments (doc) and comments are most welcomed.

All reviews/comments are due December 20th.

Note: Please DO NOT INSERT COMMENTS INTO THE PDF.
Send comments to frank.niepold@noaa.gov.

Due 20 December 2007

This Climate Literacy: Essential Principles and Fundamental Concepts draft was primarily developed by
Mark McCaffrey, CIRES and Frank Niepold NOAA/UCAR.

National Environmenta
Education Foundation
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