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HONR 229L: Climate Change: Science, Economics, and Governance

AT 8, Q1: The reading states "Climate is the average of weather" and includes a sentence that likely seems 
preposterous to many:

Projecting changes in climate due to changes in greenhouse gases 50 years from now is a very different 
and much more easily solved problem than forecasting weather patterns just weeks from now.

The field of actuarial science can be viewed as being analogous to the field of climate prediction: an actuary 
studies the life expectancy of large groups of people, allowing insurance companies to thrive financially even 
though they will likely pay out a benefit of some sort upon the passing of everyone they insure.

Some contend that "actuarial science is to trying to predict when a specific person will pass away" as "climate 
science is to trying to predict the weather next month at a specific location such as College Park".

State whether you agree or disagree with this contention, and support your answer with a few sentences.

I believe that trying to predict climate 50 years from now will have a lot of error, as does predicting weather 
patterns weeks from now. Climate scientists can do their best to model temperature changes and make predictions 
of what vegetative cover would look like, but this is a hard task because massive shifts in climate/ ecology will be 
made based on the [changes in precipitation that are very hard to accurately forecast].

A climate model tries to show different alternatives based on different routes that we could globally take, but there 
is no way to accurately predict human behavior and how environmentally friendly big corporations could become.

The same goes for weather patterns, since we are living in an era of climate change, weather starts becoming more 
intense and unpredictable. For example, Maryland could have and has had it be sunny, rainy, hail, and snow all in 
the same day.
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HONR 229L: Climate Change: Science, Economics, and Governance

AT 8, Q2:        State: a) the most important and abundant GHG in the atmosphere
b) the most important anthropogenic GHG
c) the second most important anthropogenic GHG
d) the third most important anthropogenic GHG

Answers to b) − d) should be based on the magnitude of increase in the RF of climate, between 1750 and 2005

For one anthropogenic GHGs, explain how it is known that the increase in the abundance of this gas, since the 
start of the industrial revolution, is caused by human activity.

a) H2O (water vapor)  responds to human influence, but only indirectly in that a warmer atmosphere holds
more water vapor

b) CO2 (carbon dioxide)

c) CH4 (methane)

d) Hmmm … could be either N2O (nitrous oxide), O3 (ozone), or CFCs (halocarbons)
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HONR 229L: Climate Change: Science, Economics, and Governance
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Human fingerprint on rising CO2

Update to Fig 1.7, Salawitch et al., Paris Climate Agreement: Beacon of Hope, 2017

We know that CO2 is anthropogenic for a variety of reasons. The first is that the isotopic ratio of carbon atoms in the
atmosphere is becoming lighter. This is a signature of carbon that arises from biological processes because biological chemical
reactions occur slightly faster when using lighter isotopes. This means that fossil fuels, which are derived from long dead
organisms, when burned, disproportionately add lighter carbon isotopes to the atmosphere when compared to geological CO2
contributors. Furthermore, the concentration of oxygen in the atmosphere is decreasing very slightly at a rate that is roughly
consistent with the addition of CO2 to the atmosphere. This indicates that the CO2 being added to the atmosphere is coming
from combustion reactions, thereby consuming some atmospheric oxygen in the process.

Combustion reactions:
CH4 + 2 O2     → CO2 + 2 H2O + heat

2 C8H18 + 25 O2 → 16 CO2 + 18 H2O + heat
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Carbon Tech On The Hill

• Erin Burns, Carbon180 https://carbon180.org
• Dr. Marcius Extavour, NRG COSIA Carbon XPRIZE https://carbon.xprize.org/prizes/carbon
• Roxanne Brown, United Steelworkers https://m.usw.org/union/leaders/international-executive-board/roxanne-brown
• John Litynski, Advanced Fossil Technology Systems, Department of Energy https://www.netl.doe.gov/coal/carbon-capture

https://carbon180.org/
https://carbon.xprize.org/prizes/carbon
https://m.usw.org/union/leaders/international-executive-board/roxanne-brown
https://www.netl.doe.gov/coal/carbon-capture
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Carbon 180

https://carbon180.org

https://carbon180.org/
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Carbon XPRIZE

https://carbon.xprize.org/prizes/carbon

https://carbon.xprize.org/prizes/carbon
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Carbon XPRIZE

https://carbon.xprize.org/prizes/carbon

https://carbon.xprize.org/prizes/carbon
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Petra Nova

http://www.nrg.com/generation/projects/petra-nova

Petra Nova Project near Houston Texas, jointly developed by Mitsubishi Heavy 
Industries, Ltd. (MHI), the Kansai Electric Power Co., and NRG Energy, Inc

uses a solvent for CO2 capture coupled to a 240 MW coal power plant

Cost : $ 1 billion ; DOE support: $190 million
https://www.eenews.net/stories/1060053094

http://bsos.umd.edu/
http://www.nrg.com/generation/projects/petra-nova
https://www.eenews.net/stories/1060053094
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Petra Nova

http://www.nrg.com/generation/projects/petra-nova

http://bsos.umd.edu/
http://www.nrg.com/generation/projects/petra-nova
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Petra Nova

http://www.nrg.com/generation/projects/petra-nova

http://bsos.umd.edu/
http://www.nrg.com/generation/projects/petra-nova
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Petra Nova

http://www.nrg.com/generation/projects/petra-nova

http://bsos.umd.edu/
http://www.nrg.com/generation/projects/petra-nova
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45Q

https://carboncapturecoalition.org/45q-legislation/

http://bsos.umd.edu/
https://carboncapturecoalition.org/45q-legislation/
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Congressman David Schweikert (R-Arizona) (since 2011)

https://schweikert.house.gov

http://bsos.umd.edu/
https://schweikert.house.gov/
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Congressman David Schweikert (R-Arizona) (since 2011)

https://gop-waysandmeans.house.gov/republicans-look-to-american-innovation-to-combat-global-climate-change/

https://schweikert.house.gov/media-center/press-releases/congressman-schweikert-urges-treasury-department-provide-guidance-carbon

http://bsos.umd.edu/
https://gop-waysandmeans.house.gov/republicans-look-to-american-innovation-to-combat-global-climate-change/
https://schweikert.house.gov/media-center/press-releases/congressman-schweikert-urges-treasury-department-provide-guidance-carbon


1



What happens to the ocean?
Where in the ocean?

• Water warms up in the 
Pacific Ocean, off the east 
coast of South America

• Occurs every 3-5 years
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• Droughts
• Floods
• Less nutrients rises near the 

ocean’s surface

https://climate.nasa.gov/news/2489/el-nino-a-key-player-in-severe-indonesia-fires/
https://www.telesurtv.net/__export/1451188758426/sites/telesur/img/news/2015/12/26/flooding_0111.jpg
https://time.com/4494839/ocean-extinction-fishing-oceans-confrence/
https://www.npr.org/sections/goatsandsoda/2016/01/22/463595760/el-ni-o-does-bring-floods-and-drought-but-theres-a-silver-lining
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https://climate.nasa.gov/news/2489/el-nino-a-key-player-in-severe-indonesia-fires/
https://www.telesurtv.net/__export/1451188758426/sites/telesur/img/news/2015/12/26/flooding_0111.jpg
https://time.com/4494839/ocean-extinction-fishing-oceans-confrence/
https://www.npr.org/sections/goatsandsoda/2016/01/22/463595760/el-ni-o-does-bring-floods-and-drought-but-theres-a-silver-lining
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My Thoughts: 
• Very important to achieving accurate projections of climate change
• Adding feedback can drastically change temperature predictions

• Cloud feedback more than doubles the rise in global surface 
temperature

• The climate system is complex, so complex models that account 
for feedbacks are needed

14



• Predictions are 
compared to 
observations of the 
climate 

• Predictions are 
compared to 
concentration of 
chemical tracers

• Valid when predictions 
are consistent with 
observations
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Solar and Volcanic Forcings
(Model Inputs)



GHGs, Aerosols, & O3 Forcings
(Model Inputs)



All Forcings
(Model Inputs)
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Thermohaline Circulation

https://upload.wikimedia.org/wikipedia/commons/4/4c/Thermohaline_Circulation_2.png

https://upload.wikimedia.org/wikipedia/commons/4/4c/Thermohaline_Circulation_2.png
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Thermohaline Circulation

http://www.whoi.edu/cms/images/oceanus/2006/11/nao-en_33957.jpg

http://www.whoi.edu/cms/images/oceanus/2006/11/nao-en_33957.jpg
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Climate Science 101

Fig 1.4, Paris Climate Agreement: Beacon of Hope
∆RF due to GHGs is extremely well known whereas, 
∆RF due to aerosols (suspended particulate matter)

is not well known.



Copyright © 2019 University of Maryland. 
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 22

Climate Science 101

Fig 1.4, Paris Climate Agreement: Beacon of Hope
∆RF due to GHGs is extremely well known whereas, 
∆RF due to aerosols (suspended particulate matter)

is not well known.
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Three Futures

RCP: Representative Concentration Pathway
Number represents W m−2 RF of climate at end of century

Fig 2.1, update
Paris Climate Agreement: Beacon of Hope
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Simple Climate Model
ΔT = λBB (1 + Feedback) × (ΔRFGHGs + ΔRFAerosols)

where
λBB= 0.3 K / W m−2

ΔRFGHGs = Rise in RF of climate due to all GHGs 
ΔRFAerosols = Decline in RF of climate due to human aerosols
Feedback  = Net Effect of Changes Due to Water, Lapse Rate, Clouds,

Surface Reflectivity, Ocean Circulation, etc.

Fig 1.4, Salawitch et al., Paris Climate Agreement: Beacon of Hope, 2017.
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Greta Thunberg
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Uncertainty in RF due to aerosols is a huge complication

RF due to all GHGs

Fig 1.10,
Paris Climate Agreement: Beacon of Hope
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Uncertainty in RF due to aerosols is a huge complication

27

Fig 1.10 modified,
Paris Climate Agreement: Beacon of Hope

RF due to all GHGs minus
RF due to Aerosols,

for curve with −0.4 W m−2

in year 2011
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Uncertainty in RF due to aerosols is a huge complication

RF due to all GHGs minus
RF due to Aerosols,

for curve with −0.9 W m−2

in year 2011

Fig 1.10 modified,
Paris Climate Agreement: Beacon of Hope



Copyright © 2019 University of Maryland. 
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch. 29

Uncertainty in RF due to aerosols is a huge complication

29

Fig 1.10 modified,
Paris Climate Agreement: Beacon of Hope

RF due to all GHGs minus
RF due to Aerosols,

for curve with −1.5 W m−2

in year 2011
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Empirical Model of Global Climate (EM-GC)

Canty et al., ACP, 2013 https://www.atmos-chem-phys.net/13/3997/2013/acp-13-3997-2013.html
updated by Austin Hope & Laura McBride

f TOTAL = 0.67 = 1.41

https://www.atmos-chem-phys.net/13/3997/2013/acp-13-3997-2013.html
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EM-GC Forecast for RCP 4.5 GHG scenario

We assume that whatever value of climate feedback is inferred from the climate record will persist into the future.
For Aerosol RF in 2011 of −1.5 W m−2 & assuming best estimate for H2O and Lapse Rate feedback is correct, 

this simulation implies sum of other feedbacks (clouds, surface albedo) must be strongly positive.

After Figure 2.9

Paris Upper Limit

Paris Goal

f TOTAL = 1.25
χ2 = 1.41

Aerosol RF in 2011 = −1.5 W m−2
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EM-GC Forecast for RCP 4.5 GHG scenario

After Figure 2.9

Paris Upper Limit

Paris Goal

We assume that whatever value of climate feedback is inferred from the climate record will persist into the future.
For Aerosol RF in 2011 of −0.9 W m−2 & assuming best estimate for H2O and Lapse Rate feedback is correct,

this simulation implies sum of other feedbacks (clouds, surface albedo) must be slightly positive.

γ = 0.6
χ2 = 1.03

Aerosol RF in 2011 = −0.9 W m−2

f TOTAL = 0.67
χ2 = 1.41
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EM-GC Forecast for RCP 4.5 GHG scenario

After Figure 2.9

Paris Upper Limit

Paris Goal

We assume that whatever value of climate feedback is inferred from the climate record will persist into the future.
For Aerosol RF in 2011 of −0.4 W m−2 & assuming best estimate for H2O and Lapse Rate feedback is correct,

this simulation implies sum of other feedbacks (clouds, surface albedo) must be negative.

γ = 0.3
χ2 = 0.88

Aerosol RF in 2011 = −0.4 W m−2

f TOTAL = 0.3
χ2 = 1.41
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Uncertainty in RF due to aerosols is a complication
that places a fundamental uncertainty on how well

future global warming can be forecast

FBΣ units W m−2 °C−1 on EM-GC description slide

∆T is rise in GMST (Global Mean Surface Temperature) relative to pre-industrial

Fig 2.15 (updated)
Paris Climate
Agreement: 
Beacon of Hope
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