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WE STILL HAVE TIME TO
CHANGE THE WORLD.

But it has to be us. And it has to be mow.
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Greta Thunberg

GRETA People are suffering. People are dying. Entire
THONBERG ; .
o ecosystems are collapsing. We are in the
beginning of a mass extinction, and all you can
talk about is money and fairy tales of eternal
economic growth.

Greta Thunberg, UN speech, September 23, 2019
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Is there a climate emergency?
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Is there a climate emergency?
Floods
Droughts
Fires
Heat

https://www.cnn. com/2023/07/11/ ing t infall y/i html
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ere a climate emergency?

THE WALL STREET JOURNAL.

The Flooding in Vermont Is ‘Historic and
Catastrophie, Governor Says

Europe’s Key Rivers Fall to Critical Levels, Aggravating
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] Droughts
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Hoover Dam, USA

THEWALLSTREET JOURNAL

shortage-2023-inpact-arizona/5183361001/

Loire River, France

levels-aggravating-energy-crunch-1166021655¢

Richard McGehee, University of Minnesota
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Canada

nytimes
wildfires-clinate-change. html

New York City

quality-06-08-23/index.heml
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Heat
lobal Mean Temperature

€he New Nork Eimes | Global Average Temperature 1850 - 2022 e
Phoenix’s Month in Hell: A 31-Day j 2
Streak of Record Heat Ends 1 Lq

of days reaching ling 110 degrees

has filled emergency rooms. On Mon

it :

https://

Land data prepared by Berkeley Earth and combined | 0
With ocean data adapted from the UK Hadley Centre

Global Temperature Anomaly (° C)

Global temperature anomalies relative to 1850-1800 average | "0-2
Vertical lines indicate 95% confidence intervals
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hetps: https://berkeleyearth.org/global-temperature-report-for-2022/
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*Hansen, et al, Science 308 (2005), p.1431
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Where is all this extra energy coming from?

GREENHOUSE EFFECT
Aprerequisite o life on earth, the greenhause effect occurs whennfrared adiation (heat] I retalned within the atmosphere.

Where is all this extra energy coming from?
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Earth's Heat Balance

The Greenhouse Effect

Greenhouse gases (CO,, H,0, CH,) are transparent to visible light,
but opaque to infrared light. The energy from the sun passes through
the atmosphere and heats the surface. The surface radiates energy at
a lower temperature (infrared), which is absorbed by the atmosphere.

Historical Overview of Climate Change Science, IPCC AR4, p.96
http://ipcc-wgl.ucar.edu/wgl/Report/AR4WGl Print CHOl.pdf
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The Greenhouse Effect

Greenhouse gases (CO,, H,0, CH,) are transparent to visible light,
but opaque to infrared light. The energy from the sun passes through
the atmosphere and heats the surface. The surface radiates energy at
a lower temperature (infrared), which is absorbed by the atmosphere.

Who discovered the greenhouse effect?

1. A meteorologist
2. A physicist
3. Achemist
4. A mathematician
5. Al Gore
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The Greenhouse Effect

Greenhouse gases (CO,, H,0, CH,) are transparent to visible light,
but opaque to infrared light. The energy from the sun passes through
the atmosphere and heats the surface. The surface radiates energy at
a lower temperature (infrared), which is absorbed by the atmosphere.

Who discovered the greenhouse effect?
A mathematician!

Joseph Fourier (1827), Mémoire sur les
Températures du Globe Terrestre et des Espaces
Planétaires, Mémoires de I'’Académie Royale des

Sciences, t. vii., p. 569.
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The Greenhouse Effect!

Joseph Fourier, Mémoires de I'Académie des
Sciences de l'Institut de France, t. vii. 1827.

Svante Arrhenius, "On the Influence of
Carbonic Acid in the Air upon the Temperature of
the Ground," Philosophical Magazine and
Journal of Science (Fifth Series) 41, pp. 237-
276, 1896.
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Can we measure greenhouse gasses?

https://keelingcurve.ucsd.edu/

Richard McGehee, University of Minnesota
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Can we measure greenhouse gasses?

Mauna Loa Observatory

https://: h Portals/ i ,_sign_miller.jpg
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Can we measure greenhouse gasses?

Carbon dioxide concentration at Mauna Loa Observatory*
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Arctic Sea Ice

Sea Ice Extent, Sep 2022 Sea Ice Extent, 15 Aug 2023

Antarctic Sea Ice Extent

Average Monthly Arctic Sea Ice Extent
2 (Area of ocean with at least 15% sea ice)

September 1979 - 202:

Extent (millions of square kilometers)

Natonal Snow and ce Data Certer

Extent (millions of square kilometers)

1960 1984 198 1992 199 2000 2004 2008 2012 2016 2020

Year

sep

https://nsidc.org/arcticseaicenews/2022/10/no- ine-when-shes-gone/ https://nsidc.org/arcticseaicenews/
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Feedback Feedback
Ice-Albedo Feedback CO, Feedbacks

EEEEE T

‘ permafrost melt
" wild fires
less sunlight reflected airconditioners

albedo = proportion of sunlight reflected

Math 5490 Math 5490
Feedback Permafrost
Permafrost Feedback The National Snow and Ice Data permafrost =

Center estimates that there are permanently frozen soil

:] 1400 Gigatonnes of carbon (GtC)
stored in the permafrost.
, By comparison, the atmosphere
currently holds about 890 GtC.
more heat absorbed permafrost melts

CO2 released

http://alaska.usgs.gov/science/interdiscipl
inary_science/cae/arctic_coastal_plain.php

tm
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Where is the permafrost?

Average latitude of
permafrost boundary:
61°

(yellow circle)

L Isolated
Sporadic

= Discontinuous

8 Continuous
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Wild Fire Feedback
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Permafrost

Where is the permafrost?

Average latitude of
permafrost boundary:
61°

(yellow circle)
Projected permafrost
boundary for 2°C increase
in global mean temperature
(orange circle)

potential to release about

300 GtC
total fossil fuel emissions
since 1751: =1 e
Isolated =
400 GIC == Sooradic
& Discontinuous

8 Continuous
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Air Conditioner Feedback

more heat absorbed

N\

more fossil fuels burned

more air conditioners
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Coming Attraction

Mathematics begins on
Thursday

Energy Balance

temperature change ~ energy in — energy out




