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GREENHOUSE EFFECT
Aprerequisite o lfe on earth, the greenhouse effect occurs wheninfrared radiation (heat) s retained within the atmosphere.
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Can we measure greenhouse gasses?
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Is the climate changing?
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It seems to be getting hotter.

Why?
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Historical Overview of Climate Change Science, IPCC AR4, p.96
http://ipcc-wgl.ucar.edu/wgl/Report/AR4WGl Print CHO1l.pdf
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Mauna Loa Monthly CO2 Data
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Why do we think that the Keeling curve has anything to do
with human activity? It could just be an unknown natural
source of carbon.

Carbon dioxide concentration at Mauna Loa Observatory*
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Looks like the cumulative emissions curve!
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Cumulative CO2 emissions

Cumulative emissions are the running sum of CO: emissions produced from fossil fuel
Land use change is not included.
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Cumul. “02 emissions
s are the running sum of CO: emissions produced from fossifuels and indusiry since 1750.

Land use. is not included.
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Cumulative CO2 emissions
Cumulative emissions are the running sum of CO: emissions produced from fossil fuels and industry since 1750.
Land use change is not included.
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Cumulative Emissions
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data source: https://globalcarbonbudgetdata.org/latest-data.html
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At heric CO2 and C Jative Emissi Atmospheric CO2 vs Cummulative Emissions
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No big deal. Both the accumulated emissions and
the atmospheric CO2 are increasing. Circumstantial
evidence.

Energy production using fossil fuels burns carbon
to produce carbon dioxide. The oxygen comes
from the atmosphere.

Is that all you got?
C+0, > CO,

Nope. Every atom of carbon that is burned consumes
two atoms of oxygen.
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(a) 30

Every atom of carbon that is =
burned consumes two atoms of %
oxygen. Atmospheric H

carbon dioxide is increasing ] H
as atmospheric é‘ had 3 j’ C-12 Stable C-13 Stable C-14 Unstable
oxygen is decreasing, —— |
indicating that the carbon dioxide ) * Photosynthesis prefers 12C to 13C.
in the atmosphere is produced by
burning carbon and is not coming T 6CO, +6H,0 - C(H,,0, + 60,

from an unknown source of carbon
dioxide.

b b

Result: Any carbon that traces its ancestry to
photosynthesis is lighter in 13C than carbon

Changes in Atmospheric Constituents and in Radiative from inorganic sources.

Forcing, IPCC AR4, Chap. 2, p.138

https://www. ipce. ch/site/assets/uploads/20 e Examples: plants, animals, coal, oil.
18/02/ar4-wgl-chapter2-1.pdf
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But there’s more!
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As the carbon dioxide is emitted
by fossil fuel burning, ) )
the proportion of 13C Model§ with o T T

in the atmosphere is decreasing; and without
indicating that the addition carbon human activity. b
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Scientific Conclusion

The scientific data are consistent with the hypothesis
that the burning of fossil fuels is causing changes in the
Earth's climate.
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«; ‘,;’!'v.\ SLRTY
FUELS Now '

https://www.lemonde.fr/en/environment

/article/2023/01/01/uk-climate-group-

extinction-rebellion-suspends-public-
disruption-tactics_6009966_114.html

https://newrepublic.com/article/166821/climate-
delay-discourse-denial
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Scientific Conclusion

The scientific data are consistent with the hypothesis
that the burning of fossil fuels is causing changes in the
Earth's climate.

Reasonable Human Reaction

We gotta stop burning fossil fuels!
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Measuring Atmospheric Carbon

ppm: parts per million
GtC: gigatonnes carbon
GtCO2: gigatonnes carbon dioxide

tonne: metric ton = 1000 kilograms = 10° grams
=1.10 tons

gigatonne = 10° tonnes = 10'° grams = petagram

atmospheric carbon:
1 ppm =~ 2.13 GtC
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Measuring Atmospheric Carbon

ppm: parts per million
GtC: gigatonnes carbon
GtCO2: gigatonnes carbon dioxide

tonne: metric ton = 1000 kilograms = 106 grams
~1.10 tons

gigatonne = 10° tonnes = 10%° grams = petagram

atmospheric carbon:
1 ppm = 2.13 GtC

What is the mass of the carbon in the atmosphere at 420 ppm?
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Measuring Atmospheric Carbon

carbon atomic weight = 12
oxygen atomic weight = 16
carbon dioxide molecular weight = 12 + 2x16 = 44

1 GtC = (44/12) GtCO2 = 3.67 GtC02

1 GtCO2 = (12/44) GtC = 0.273 GtC

How much carbon is in 1.5 trillion tons of carbon dioxide?

1.5 trillion tons of CO2 = 1500 GtCO2 = 0.273 x 1500 GtC ~ 410 GtC
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fuel CO, controls on
uptake gas exchange

solubility 4 blolo ical s
cycj cy J
mlxed layer J \
dynamics upwelling

OCEAN CARBON UPTAKE

WHAT ARE THE PATTERNS OF A

https://www.pmel.noaa.gov/co2/file/Ocean Carbon Uptake Image
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Measuring Atmospheric Carbon

ppm: parts per million
GtC: gigatonnes carbon
GtCO2: gigatonnes carbon dioxide

tonne: metric ton = 1000 kilograms = 10° grams
= 1.10 tons

gigatonne = 10° tonnes = 10° grams = petagram

atmospheric carbon:
1 ppm = 2.13 GtC

What is the mass of the carbon in the atmosphere at 420 ppm?

2.13 x 420 = 895 Gt
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ic CO2vs C ive

Since 1959 we have
added more than 400 “*°

y=02567x+316.85

GtC to the
atmosphere. During
that time the carbon
dioxide has increased  §

by 105 ppm

= 2.13x105 GtC

=~ 224 GtC.

Almost half of the
added CO, went 315
elsewhere. 0 100 200 300 400
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OCEAN ACIDIFICATION

CO; absorbed from the atmosphere

CO; + H:0 + CO} > 2HCO;

@ » e

carbon  water  carbonate 2 bicarbonate
dioxide ion ions

consumption of carbonate ions impedes calcification

https://www.noaa.gov/education/resource-collections/ocean-
coasts/ocean-acidification
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Article 2
1. This Agreement, in ent g the impl ion of the Convention,

including its objective, aims to strengthen the global response to the threat of
climate change, in the context of sustainable development and efforts to eradicate
poverty, including by:

(a) Holding the increase in the global average temperature to well below
2°C above pre-industrial levels and pursuing efforts to limit the temperature
increase to 1.5°C above pre-industrial levels, recognizing that this would
significantly reduce the risks and impacts of climate change;

https://www.youtube.com/watch?v=I-4F5MJEeqs
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The Carbon Budget

https://www-
users.cse.umn.edu/~mcgehee/Course/Math5421/assignments
/A03.html
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The Carbon Budget

We have seen that, for the twenty-first century, the
temperature is going up linearly with the amount of carbon
in the atmosphere. We have also seen that the amount of
atmospheric carbon goes up linearly with the emissions.
Therefore, we expect that the temperature will increase
linearly with the emissions. We can compute how much
more carbon we can emit before the temperature anomaly
reaches 1.5. That amount is called the carbon budget
allowing us to stay below 1.5.
We can compute a similar budget for any temperature
anomaly.
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