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The journey towards a high
CO2 future has begun.





















1) Accounting. We know how much we put out, so we
know how much should end up in the atmosphere.



2) Chemistry. The GO in the atmosphere is has the
chemical “fingerprint” of fossil fuels (very old, made
from dead trees and algae).
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Why should
| care?




CO2 heats things up and we have
known that for a long time because

Physics

Joseph Fourier

1820s: First to
oropose the
existence of the
'‘greenhouse
effect’



Vibrations in a gas molecule are like
vibrations of a piano string in that they are

fussy about frequency. This is because, like
a piano string, a gas molecule will only
vibrate at its “ringing” frequency’




The spectrum of energy
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Carroll Glacier, Alaska. 1906

It’s Real

2004.









Where are we headed?
What

should we
expect?

Photo: EU Humanitarian Aid and Civil Protection



Trying to understand climate change by observing just
the last few decades is like trying to understand the
rules of the game by watching just a few plays









Current GHG concentrations have no
~analog in the last 800,000 years
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Core
Sampling

Learning




Stuff you can measure in mud

Microfossils
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Chemical measurements in foraminifera tell us...

The last time CO2 was this high

was 2.5 million years ago.
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Welcome to the Pliocene
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(Almost no) Greenland Ice Sheet
Today Pliocene

Figure from Dan Lunt et al., 2009






(We are an ice age species)

Homo sapiens evolved 200,000 years ago



Chemical measurements in foraminifera tell us...
Temperature for the past 65 million years
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Temperature followed CO>
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What are “greenhouse
climates” like?



Welcome to the Eocene

96-34 million years ago. CO2 near 1000 ppm. No polar ice.
The climate was steamy...






Crocs lived in
the Arctic!

Preferred ______
temperature
range for crocs

After Markwick, 1998 70°F 85 F 100F



Palms and
baobab grew In

Antarctica
Palm
l Baobab

!

Pross et al., 2012



A more “equable” climate...
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But not a stable climate...
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The Paleocene-Eocene Thermal Maximum

2000 o An ancient global warming event.
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The PETM: evidence In sediments

This is a deep sea sediment core taken from the South Atlantic...
Time —»

' ' !

Before 10,000s yrs later: 100,000s yrs later:
PETM: Red clay is Calcareous
sediments deposited...no sediments return =
rich in carbonate, ocean is ocean recovers
carbonate still acidic.

Sharp boundary = PETM.
Ocean acidifies, seafloor
carbonate dissolves



Where did the CO2 come from??

Sudden methane clathrate release?

Did volcanism start it off?

Maybe melting permafrost?



The PETM tells us about how the Earth handles a
rapid rise in CO2. Except, the CO: rise happening
now is way faster than the PETM.

?ﬁe In TCF)Modern: Fueled by high emission rates

(up to 25 petagrams of carbon a year),
global temperature is rising quickly and
will level off only when emissions cease

PETM: Slow but steady emissions

(up to 1.7 petagrams of carbon a year)
resulted in a more gradual heating of

the planet some 56 million years ago
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are today
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Graph by Lee Kump, 2011, Scientific American



It’s Real.
It’s Us.
It’s Bad.

There’s Hope.




Where we end up depends on
how much we emit
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Projected change In ocean acidity

Ocean pH
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Thank You.

@leafwax
http://www.geo.arizona.edu/~jesst



http://www.geo.arizona.edu/~tierney

The worst global
warming of all time...






The Late Permian: 250 million year ago









