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» Planetary boundaries
» Climate change science

 Climate change:
complex & interdisciplinary

e Climate change as a
teaching opportunity

« Conclusions: Why we need
a climate literate society
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_Every hour, _
10,000 people jointhe global population



Every hour,
1.500 hectares of forests are cut



Every hour,

1.7 Million Kg N are added to solls




Every hour,

4 Million tons of CO,, are emitted



Every hour,
3 species go extinct

1000x faster than natural rates
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http://www.ihdp.uni-bonn.de/

Exajoules

World primary energy consumption
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CO, mole fraction (ppm)

CO, growth rate (ppm/yr)
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2014)

2013 CO, concentrations
142% above
preindustrial levels



Fate of Anthropogenic CO, EmissIions (2000-2008)

26% &
2.3PgCy! |

Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS, updated



Indicators of a Warming World

‘Glaciers Humidity

Temperature Over Land Temperature Over Oceans

‘ _— Air Temperature Near Surface (troposphere)

‘ Permafrost retreating poleward Sea Surface Temperature

,’, Tree-lines shifting poleward and upward ., lce Sheets

QQ ﬂ‘ ‘ Spring coming earlier

Sea Level

Ocean Heat Content

Species migrating poleward and upward




Natural catastrophes worldwide 1980 — 2012

Relative trends of different perils
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¥ Geophysical events
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Climate Change Is a Large Issue

Majority of the sciences and engineering
disciplines are involved.

Soclal sciences are interested.
Business/Industry has a stake.

Involves citizens, politicians, public policy
experts, and advocates.

Every sector of the economy affected.

All aspects of our lives touched:
environment, jobs, health, politics, national
security, arts, religion, etc.



Human dimensions of climate change

Human interactions with the climate system:

« Human causes of climate change
(understanding the driving forces)

« Human consequences of climate change
(vulnerabilities, resilience, etc.)

« Human responses to climate change (limiting,
adapting, and informing the choices)

« Human understanding of climate change
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CO, mole fraction (ppm)

CO, growth rate (ppm/yr)
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GHG emissions rise with growth in GDP and population;
long-standing trend of decarbonisation of energy reversed
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Future CO, concentrations

IPCC AR5 RCP8.5 likely to exceed 4.5°C

Policy Reference likely to exceed 3.5°C

Current Pledges likely to exceed 3°C
3 virtually certain to exceed 2°C

IPCC AR5 RCP2.6 likely below 2°C

above pre-industrial (°C)
N
I

20c ___________________

Range of Business-as-
usual in recent literature

X

Warming above 1.5-2°C
due to insufficienct

global mitigation
(related to “Emissions Gap”)

Global-mean surface-air temperature increase
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Countries’ individual proposed efforts not sufficient !!!



Some countries propose more than others

Developed countries
Effective emission limit compared to 1990 (including credits and debits from forestry)

Australia™ @m s Inadequate
Belarus | Inadequate
Canada Inadequate
Croatia Inadequate

EV 27 Inadequate
Iceland
Japan Inadequate
Kazakhstan Inadequate
New Zealand Inadequate
Norway Sufficient
Russia Inadequate
Switzerland
Ukraine Inadequate
United States Inadequate
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Some countries propose more than others

Developing countries
Erission reductions compared to business as usual

Brazil
Chile
China
Costa Rica

u% Inadequate
—.J Sufficient

India* @ =

Indonesia

Israel

Maldives

*@ Role Model

Mexico | |
Moldova* @m we—" | | Inadequate
Papua New C. _ | | Sufficient
Singapore | |
South Africa | |
South Korea Sufficient

+30% +20% +10% 0% -10% -20% -30% -40% -50% -60% -70% -80% -90% -100%

The currently pledoed emistion High reduction pledge
reduction of ths country (f speciic conditicrs are met}
Country s @) m— o ——
Inadequate Madium Surticient Role model
emBskon targets in this area pledges in this area are in pledges in this area are in emission targets in this area
are kess ambitious than the 2°C | the least stringent part of the mare stringent part of are mode ambsticus than

range defined by the studies the 2°C range the 2°C range the 2°C range



Climate Change impacts

Physical )
systems
(snow, rivers..)

Climate
Change
Impacts

I, Food yields

— Biological
& seasonal

Stern Report (UK, 2006)

- Economy:
>\ " Infrastructure,

output, growth
p/ 9

cycles »

Direct health

impacts (heat,
extreme events...)

Indirect
Impacts Wealth (and distribution);
1 7 local environment; etc.




5 human development tipping points

Reduced agricultural productivity

Heightened water insecurity

Increased exposure to extreme weather events
Collapse of ecosystems

Increased health risks



Water stress and Climate Change

Water stress: ratio between withdrawal and availability (in 2000)

; : O Global regions where
no stress low : moderate high very high climate change s projected

_ to decrease annual runoff

0 0.1 0.2 04 0.8 and water availability Source: IPCC, 2007.



JRC DG Regio‘s 2020
,THE CLIMATE CHANGE CHALLENGE FOR EUROPEAN REGIONS*

— Aggregate potential impact o

e N highest negative impact (0.5 - 1.0)
B medium negative impact (0.3 - <0.5)
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Adaptive capacity
“the ability or potential
of a system to respond
successfully to climate
variability and

changes” (IPCC 2007)

« Awareness

 Technology and
Infrastructure

e Economic resources

e |[nstitutions

This map does not
necessarily reflect the
opinion of the ESPON
Menitoring Committee
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Vulnerability to

climate change“is a
function of the character,
maghnitude, and rate of
climate variation to which a
system is exposed, its
sensitivity, and its adaptive
capacity” (IPCC 2007).

» Countries which expect a
high increase in impact seem
to be less able to adapt

«Climate change would trigger
a deepening of the existing
socio-economic imbalances
between the core of Europe
and its periphery.

Future runs counter to
territorial cohesion ?

]
gher b
ESPEEN 2 it 2 g0
IRPUD, ESPON Chmate Project, 2011
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Potential vulnerability to climate change
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We Need A Climate Literate Society

If we want to achieve sustainable
development



HOW DO INDIVIDUALS SEE THE
CLIMATE CHANGE PROBLEM?

Governments

People/students

Academics

Industry t




Why climate change Is inherently
difficult to understand

It IS not one thing (weather, water supply,
ecosystem change, etc.)

you see weather, not climate, and weather can
mislead

you can’t rely on personal experience

climate change is very slow and swamped by
variability

changes are exponential; future rate of change >
past

hard to comprehend import of slow average
change for infrequent extremes

time lags




What happens when it is hard to
understand

e people use mental models, and some
mislead (e.g., air pollution)

* the battle to frame the issue [disaster IS
coming Vvs. science Is uncertain]

* the need for a risk management frame that
encompasses both knowledge and
uncertainty



Climate change:
complex & interdisciplinary

« SCIENCE

« TECHNOLOGY

« ECONOMICS
e POLITICS & POLICY



Climate change:
complex & interdisciplinary

« SCIENCE

— what climate is and how it works;
— how global climate has been changing and why;
— how it’s likely to change in the decades ahead,;

— what the impacts are likely to be on farms, forests, fisheries,
health, property, ecosystems...

« TECHNOLOGY

— the role of humans & their technology in causing climate change;
— technological options for mitigating climate change;

— technological options for adapting to it.



Complex & interdisciplinary (continued)
« ECONOMICS

— population growth & economic growth as climate-
change drivers

— costs of abatement, adaptation, and impacts

— conseqguences of alternative regimes of action &
Inaction for economic growth, employment, trade

« POLITICS & POLICY
— policy options and their impact on outcomes

— actors and interests in the climate debate...and the
evolution of perceptions & interests over time

— finding a global climate-policy framework that is
adequate, equitable, and attainable



Climate Literacy Is

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

Literacy
Progression

larget
Audiences

Climate
science
engaged

INFORMED
DECISION MAKING

Climate science attentive
KNOWLEDGE

Climate science interested

AWARENESS
Uninterested and/or unaware




A climate literate person:

understands the essential principles of
Earth’s climate system,

knows how to assess scientifically
credible information about climate,

communicates about climate and climate
change in a meaningful way, and

IS able to make informed and responsible
decisions with regard to actions that may
affect climate.



Climate change as a teaching
opportunity

The physics & geometry of Earth’s orientation to the sun

Like a spinning top, Earth's axis The 'wobble’ of the Earth's axis causes the precession of the equinoxes.
of rotation "wobbles," so that the As shown in this figure, the positions of the equinoxes and solstices shift slowly
North Pole describes a circle in space | around the Earth's eliptical orbit, completing one full cycle every 22,000 years.
| Precession changes the time at which the Earth reaches its perihelion (the point on
the orbital path closest to the Sun), serving to amplify or soften climatic seasonality.

_Top view Side view
Today: Perihelion during northern winter.
e (North Pole tilted away from Sun=northern winter)
~h

Moderate seasonality in the northern hemisphere.
11,000 years ago: Perihelion during northern swmmer.

(North Pole tilted towards Sun=northem summer)
e




Physics: energy flows in the atmosphere
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CHEMISTRY
carbon in fossil fuels and combustion
coal = CH
oil = CH,
natural gas = CH, + a bit more
S0, e.g., burning oll entalls...

CH,+3/20,> CO,+ H,0



Earth science: the carbon cycle

Atmospheric CO,
- 750 (@360 ppmy
(+ 3.2 per year)

Global
Carbon 90
Cycle

l 1.7 Net flux

Ocean 39000

Stock = Billion metric tons

Flow = Billion metric tons per year



Geography: remote sensing




Geography: land-use & deforestation
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Geology: climate & life over geologic time
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Probability and statistics of climate & weather

Probability of occurrence

Increase in mean and variance

(€)  Previous Much more
climate weather
) More
| ess recor?hhot
Change \ weatlner
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New

weather climate

|
Cold Average Hot



Ecology: interaction of organisms with a
changing environment

= —--__.--‘-. o =




Chemistry and biology

Ocean acidification

C: Control pH




Geology: formations that can store CO,




Sociology:

public-opinion polling

Threat Assessment: Global Warming
Please select whether you see global warming as...
P ot an impertant threat at all

. An important but not critical threat

. A critical threat

.« 7
o 1
s
s
——

* Mewicans were offened 4 s pptions “Critical;

bmpartank, bt nod oriticad; of Bithe Enportance; and not

impartant.” Far the pirposes of fhis qguestionnaire, “of l#tle .
impartance” has b combined with "net Enportant,” VRO 0A




Po

Itical science: leadership




Climate change education needs to

O O O O

imate C
imate C
imate C
imate C

address:

nange Root Causes
nange Fear and Despair
nange Amplified Inequities

nange Confusion and Denial



Pedagogical implications

Increasing CC-visibility and impact of own actions
Developing CC-literacy (critical information literacy)
Providing viable alternatives and energizing futures
(pedagogy of hope)

Connecting with other related educations (e.g.
emergency education, development education,
peace education)

|dentifying values, behaviors and systems that
underlie CC, and co-creating alternative ones that
may be more sustainable



How to close the gap between climate
science and public climate literacy?

« Time calls for a radical change in the ways we think and
act in particular in terms of education and training

e Climate change education is an integral part of the vision
for education for sustainable development

 We have to improve the teaching and learning about
climate change in elementary and secondary schools, on
college campuses, and through lifelong learning

Improving climate literacy Is more
Important now than ever.



What can individual scientists and
teachers do?

Read more and think more about fields and
problems outside your normal area of
specialization.

Improve your communication skills for conveying
the relevant essence of your understandings to
members of the public and to policy makers.

Seek out avenues for doing so.

Spend some of your professional time and effort
to working to increase the benefits of S&T for the
human condition and decrease the liabllities.



There was no environmental
education in 1970.

Now there are thousands of
schools which offer good
environmental education.
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