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“When we try
to pick out
anything by
itself, we find
it hitched to
everything
else in the
Universe.”

John Muir
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Climate Literacy

Understanding the influence of
climate on society...
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Climate Literacy

and society on climate
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1.The Sun is the primary source of
energy for Earth’ s climate system
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2.Climate Is Regulated By Complex
Interactions Among Components
of the Earth System

3.Life on Earth Depends on, Is
Shaped By, and Affects Climate
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4 .Climate varies over

space and time
through both

and man-m3
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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
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Guiding Principle For Informed Climate Decision

Humans can take actions to reduce climate change and its impacts

CARBON

t of Thin Air
~ Food & Energy
Carbon & Climate
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Jan Baptist van Helmont
1580-1644




NATURAL
WARMING

CONTRIBUTIONS

MOLECULAR PHYSICS
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RADIANT HEAT.

John Tyndall
(1820-1893)
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Mini-atmosphere

in basement of

Royal Institution,
London
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|| mNitrogen

@ Oxygen
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O Carbon Dioxide]
mNeon
@Helium
m Methane
O Krypton

m Hydrogen
Water Vapor

The “Greenhouse Effect” allows liquid water to
exist and life on Earth to flourish

The Greenhouse Effect

Some Earth's surface is
energy is  heated by the sun
reflected  and radiates the
back out  heat back out
to space  towards space

. ~ Watts per
square meter
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Net Radiation (W/m?)
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International Geophysical Year
1957-1958
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~WEATHER
& CLIMATE

~~ WEATHER
f o~ & CLIMATE
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“Our industrial
civilization has
been pouring
carbon dioxide into
the atmosphere at a
great rate....

By the year 2000
we will have added
70 percent more

carbon dioxide to
the atmosphere...

If it remained, it
would have a marked
warming effect on
the earth’ s climate,
but most of it would
probably be
absorbed by the
oceans...
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Conceivably, however,
it could cause
significant melting of
the great icecaps and
raise sea levels in
time.”

Planet Earth: The Mystery with 100,000 Clues
National Academy of Sciences
1958

United Nations
high scenario .

United Nations
low scenario

MA scenarios
Order from Strength
= Adapting Mosaic
= TechnoGarden
== Global Orchestration
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Since 1958

-Human population has more than doubled

-Fossil fuel emissions have more than
tripled

-Energy demand is forecast to increase
50% between 2005 and 2030.

-Up to 40 percent of =

$10 trillion U.S.

economy impacted

by weather and climate
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Annual Greenhouse Gas Emissions by Sector

Industrial
processes

16.8%
Power stations
21.3%
4
Transportation fuels //
14.0% | Waste disposal
and treatment

3.4%

Agricultural

Land d
byproducts and use an

5% \
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Fluorinated Gases

¢ Sulfur hexafluoride

® HFC (Hydro fluoro compounds
® PDC (Perfluorocarbon)

® CFC (chlorofluorocarbons)

® Nitrogen trifluoride

| 2

Tetrafluoroethane (HFC-134a) boils well

below room temgeratur&g&d was created
to replace S

== Private Universe Project

How well do US college graduates understand
important science ideas?

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

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

“A vast majority [of the American
public], 85 percent, believes

, up slightly from 80
percent in a 1998 poll.
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But
of it, a level of uncertainty that
reflects broad and

on whether or not it’ s happening.”

—Jon Krosnick, social scientist, Stanford University (2007)

National Science Education Content
Standards
NRC, 1996
*Climate mentioned nine times
*Human impact on climate not
mentioned once except:

“In areas where data or understanding
are incomplete, such as the details of
human evolution or questions
surrounding global warming, new data
may well lead to changes in current
ideas or resolve current conflicts.”

Climate Literacy Missing in Action

Not well addressed in State Science
Education Standards

30 states do note impacts of anthropogenic
change

19 states don’ t mention at all

17 states focus on mechanisms

7 states note fossil fuels impacting climate
5 states note land use changes impacts

3 states focus on mitigation strategies

Kastens & Turrin, 2008
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Climate Literacy Missing in Action
CIRES Study of Colorado Teachers

® L ess than 50% formally address climate change

® Only a third of Earth and Physical Science teachers had
professional development about climate change

® Popular media common source of information, leading to mix of
perspectives and opinions

® About a third reported being encouraged to address climate

change

® About 10% had been actively discouraged from doing so

CIRES

CCOOPERATIVE INSTITUTE FOR RESEARCH E

IN ENVIRONMENTAL SCIENCES

Dr. Sarah Wise
CIRES Visiting Fellow

Global Warming’s “Six Americas”

Figure 1: Proportion of the U.S. Adult Population in the Six Americas

Proportion represented by area

Alarmed Concerned Disengaged Doubtful Dismissive
18% 33 12% 1% 7%
Highest Belief in Global Warming Lowest Belief in Global Warming
Most Concerned Least Concerned
Most Motivated Least Motivated
Anthony Leiserowitz@yale edu Source: Yale, October 2008 (n = 2,189)

Figure 2: Certainty of belief
in the reality of global warming

° Alarmed

Dismissive

Anthony Leiserowitz@yale edu Source: Yale, October 2008 (n = 2,189)
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Figure 7: Self-assessed knowledge

Personally, do you think that you are well informed or not about ...
... the different causes of global warming

the different consequences of global warming
® ... ways in which we can reduce global warming.

Results shown below are the average of the three responses.

Alarmed

Concerned Dismissive
some 3 |- Cautious
Doubtful

alitie 2 -

Disengaged

notatall 1

Anthony Leiserowitz@yale.edu Source: Yale, October 2008 (n = 2,189)
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A

Climate change (global warming)
A
Sustainable energy
y
Air pollution
A
Offshore oil drilling.

Watrshroge key findings
————— e e |
Don't know
I ——————————. American's concern for the ocean
. Water pollution \ is very low when compared to other

environmental issues.
l T \

In terms of perceptional relativity,

Medical waste climate change (global warming) is.
the near singular issue of concern.
Drilling for oil =
to the American public.
Animal extinction

Industrial waste o
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Naive & Misconceptions Science Concept

In summer
we’ re closer
to the sun

Axial tilt is reason for
the seasons

Schneps, 1985

Naive & Misconceptions Science Concept

Air is invisible and Air has density
weightless and momentum

AAAS, 2007

Naive & Misconceptions Science Concept

Weather & Climate
Climate is are different
averaged weather processes and
studied differently
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Naive & Misconceptions

How could a few
trace gases warm the
entire planet?

The Greenhouse Effect

. Some arth's surface is
back out et

o space

Naive & Misconceptions

Global warming
caused by ozone
hole

Naive & Misconceptions

Solar radiation
bounces/reflects
off Earth

water vapor

Science Concept

+99% of gas
concentrations in
atmosphere don’ t
capture heat

Oh, and by the way, it’s
not really like a
greenhouse

Science Concept

Global warming
caused by human
activities, especially
burning fossil fuels

Science Concept

Incoming UV and visible
are transformed into
outgoing IR heat

Gautier, 2006

methane arbon dioxide

11/16/17
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Naive & Misconceptions Science Concept

Global .
warming is Human activities
just natgral warm the planet
cycles

Solar Cycle Variations Global Fossil Carbon Emissions

— Total
— Petroleum
— Coal

— Natural Gas

\ e eaion
o~

Irradiance (

10.7 Radio Flux
005 2000 2005

Naive & Misconceptions Science Concept

Plants get their mass Plants get mass from

from water and “thin air” and
nutrients through their  experience seasonal

roots cycles

Hershey, 2004

Naive & Misconceptions Science Concept

Energy is stuff from Fossil fuels =
the ground (that concentrated buried

we’ re running out of)  solar energy

Rule, 2005
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Naive & Misconceptions Science Concept

Carbon is Energy is converted

destroyed when into work/heat; matter

burned is rearranged but not
destroyed

Madsen, 2007

Naive & Misconceptions Science Concept

Energy for
transportation and
electricity is generated
by burning fuel to
make heat.

Cars run on gas.
Electricity comes
from a power

Naive & Misconceptions Science Concept

We' Il be able to The accumulation of

soon reverse GHG in the atmosphere

global warming is difficult to slow, let
alone reverse

=—

hEE

Sterman &
Sweeney, 2007
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Understanding the Build-Up of Carbon Dic

*Human emissions of about 9.0 GtC per year and growingj
~ -About 12 GtC per year expected in 2030

- Atmospheric concentrations
OCK of 390 ppm, today, increasing
3 by about ~é ppm/’year

OUTFLOW

A natural removal of about
4 GtC per year

Jan Baptist van Helmont
1580-1644

Light reactions

Cornelius Bernardus van Niel
1897-1985
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Plants draw carbon dioxide from the

Carbon Dioxide

co,

0=C=0

Carbonic Acid

Photosynthesis

0,

Thus, plants’ mass
actually comes
from “thin air”.
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Sunlight + water + carbon dioxide =
carbohydrates (sugars) + 02 + water

Over millions of years, the
carbohydrates are transformed into
“hydrocarbons” or fossil fuels like coal.

= ~—

One gallon of gasoline = 98 tons of biomass
(buried solar energy)
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