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1. Understand how and why increased levels of 
CO2 and other gases increases the temperature 
of the atmosphere, land, and oceans.

2. Realize the consistency of international data 
sets that show global temperatures are 
increasing.

3. Acknowledge the variety of human reactions to 
anthropogenic climate change.

4. Compare and contrast mitigation and 
adaptation measures.



Part 1 – Anthropogenic Climate Change Overview

This session will start with a brief overview of
anthropogenic climate change (ACC) - the Greenhouse
effect, definition of terms, breakdown of atmospheric
greenhouse gases, verifiable data, and historic trends,
followed by a review of recent events. Then we’ll look at
some of the sociological and cultural underpinnings of the
various perspectives of climate change, and how they
influence perceptions of the problem. We’ll discuss
actions at the global, national, and local levels that relate
to climate change. Then we’ll begin to quantify the
influence of various materials and activities and other
sources of greenhouse gases.
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 1 Climate Action for Engineers: 

Anthropogenic Climate Change Overview

1. What we know and what we don’t

2. Cultural perspectives

3. Current trends and market shifts

4. Carbon pricing – cost vs. benefits

5. Summary





Some Terms
Climate Change

Anthropogenic Climate Change (ACC)

Global Warming

Anthropogenic Global Warming

Global Warming Potential (GWP) Gases

Carbon Dioxide Equivalent (CO2eq)

Global Weirding

Climate Science



Solar radiation

in the form of 

lightwaves

passes through the

atmosphere



Most of this radiation 

is absorbed by the

Earth and warms it



Some energy is radiated back

into space by the Earth in

the form of infrared waves

Most of this radiation 

is absorbed by the

Earth and warms it



Some energy is radiated back

into space by the Earth in

the form of infrared waves

Some of this outgoing 

infrared radiation is 
trapped by the Earth’s 

atmosphere 

and warms it

Most of this radiation 

is absorbed by the

Earth and warms it
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Composition of the Atmosphere

Nitrogen, 
78.08%

Oxygen, 
20.95%

Argon, 0.93% CO2, 0.04%
Other, 0.01%

Nitrogen

Oxygen

Argon

CO2

Other



CO2 Increase Since 1800’s

66%      270 PPM

34%  
+140 PPM

Prior to 1880

Added 1880-2014

270 ppm to 410 ppm = 52% increase in CO2

Prior to 1800’s

Added 1800’s-2018



Global Carbon Emissions 
from Fossil Fuels

Source: U.S. Department of Energy/CDIAC
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© Steve Cole/Photodisc/Getty Images

110 Million Tons of global warming gases 

emitted by human activities every day…



© 2008 EPA/Everett Kennedy Brown/Landov



http://planetforlife.com/images/keeling2.gif





▪ The Four Major Independent Records
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Source: Compilation—NASA Earth Observatory. Data Sources: NASA GISS, NOAA National Climatic Data Center, Met Office 
Hadley Centre/Climatic Research Unit, and the Japanese Meteorological Agency

NASA Goddard Institute for Space Studies

Met Office/Hadley Centre (U.K.)

NOAA National Climatic Data Center

Japanese Meteorological Agency

Global Surface Temperatures



2000 Years of CO2 and Global Temperature

Source: (Temperature) Thompson, et al., Abrupt Tropical Climate Change: Past and Present, Proc. Natl. Acad. Sci. USA, vol. 103, no. 28 

(CO2) Australian Academy of Science; Etheridge, et al. (2006), Law Dome CO2, CH4 and N2O ice core records extended to 2000 years BP, Geophysical Research Letters 33
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800,000 Years of CO2 and Global Temperature



https://www.bloomberg.com/graphics/2015-whats-warming-the-world/



http://www.easterbrook.ca/steve/wp-

content/Pop-vs-emissions-sm1-300x204.jpg

http://www.easterbrook.ca/steve/wp-

content/Pop-vs-emissions.pdf

Emissions increase ~ 2X 

rate of population growth





Carbon Dioxide CO2 1 GWP over a 100 year period
84% of US GWP gases emitted by humans, complex global cycle

Methane CH4 21 GWP over a 100 year period
9% of US GWP gases emitted by humans
Over 60% in atmosphere is emitted by human activities, globally

Nitrous Oxide N2O 310 GWP over a 100 year period
5% of US GWP gases emitted by humans,
Over 40% in atmosphere is emitted by human activities, globally

Fluorinated Gases 140-24,000 GWP over 100 year period
Hydrofluorocarbons (HFC), Perfluorocarbons (PFC), Sulfur 
Hexafluoride (SF6)
100% emitted by human activities

The Impact of CO2e Gases



https://archive.epa.gov/climatechange/ 
kids/basics/today/greenhouse-gases.html





Reagan National Airport, 
Washington, D.C.

July 6, 2012

© 2012 Phillip Dugaw



https://www.climate.gov/news-

features/understanding-climate/climate-

change-global-temperature

https://www.climate.gov/news-features/understanding-

climate/climate-change-global-temperature



Farmingdale, Illinois

July 16, 2012

© 2012 AP Photo/Seth Perlman

“It’s like farming in Hell.”

Fred Below
Plant biologist, University of Illinois in Urbana
July 2012



Source: Oak Ridge National Laboratory, National Center for Computational Sciences

As temperatures increase, the oceans 
evaporate more moisture into the sky



Montana

July 28, 2010

© 2010 Sean R. Heavey



Increase in Heavy Precipitation Days
Worldwide

Source: Alexander, L. V., et al., Global observed changes in daily climate extremes of temperature and precipitation, J. Geophys. Res., 111, D05109, 
doi:10.1029/2005JD006290, 2006 © 2006 American Geophysical Union. Reproduced by permission of American Geophysical Union.
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Hurricane Sandy

October 29, 2012

© 2012 NASA Photo via Getty Images



Atlantic City, New Jersey

▪ October 29, 2012

© 2012 Reuters/Tom Mihalek



Manhattan, New York

October 29, 2012

© 2012 Christos Pathiakis/Getty Images



© 2005 Getty Images/David Portnoy



© 2012 Reuters/Keith Bedford

The Rockaways, Queens, New York
October 30, 2012



• Tropical Storm Irene 
August 2011

• Tropical Storm Lee 
September 2011

• Hurricane Sandy 
October 2012

• THREE Nor’easters in 
March 2018



The same extra heat that evaporates water from the ocean pulls moisture 
even more quickly from the soil

An Inconvenient Truth © 2006 by Paramount Classics, a Division of Paramount Pictures. All Rights Reserved.



www.climatecentral.org

November 2011 – July 2012



www.climatecentral.org



West Fork Complex Fire, Colorado

June 20, 2013

© 2013 Reuters/The Pike Hotshots/U.S. Forest Service



CO2 at 310 ppm, compared to historical 270
1.8 degree F rise in temperatures since 1880
7-inch rise in sea level over past 100 years
Increase in severe drought events
Increase in severe rain events
Decrease in Arctic ice thickness

▪ Further increase in temperatures, further rise in 
sea levels, more climate instability

▪ Further increase in sea levels
▪ Increase in societal stresses



Sea level rise of several feet

Destabilization of oceanic balances

Cessation of ocean currents

Severe climate destabilization, especially 
northern Europe

Widespread extinctions

Severe societal stresses





Climate Scientists and ACC
“97 – 98% of the climate researchers most actively 
publishing in the field support the tenets of ACC 
(anthropogenic climate change) outlined by the 
IPCC.”

Anderegg, et al., 

Proceedings of the National Academy of Sciences

June 21, 2010

Jim – tell them the analogy of the doctor!



Every National Academy of Science of Every Major Country 
in the World Confirms Anthropogenic Global Warming

African Academy 
of Science
Australia

Belgium

Brazil

Cameroon

Canada

The Caribbean

China

France

Ghana

Germany

Indonesia

Ireland

Italy

India

Japan

Kenya

Madagascar

Malaysia

Mexico

Nigeria

New Zealand

Russia

Senegal

South Africa

Sudan

Sweden

Tanzania

Turkey

Uganda

United Kingdom

United States

Zambia

Zimbabwe



National Academies Rejecting the Science of 
Anthropogenic Global Warming

None



American Academy of Pediatrics

American Association for the Advancement of Science

American Association of Wildlife Veterinarians

American Chemical Society

American College of Preventive Medicine

American Geophysical Union

American Medical Association

American Meteorological Society

American Public Health Association

American Physical Society

American Quaternary Association

American Society for Microbiology

Australian Coral Reef Society

Australian Institute of Physics

Australian Medical Association



|

0%

A 30-year-old one-year 
term life insurance 

policyholder will die within 
that one year

A hospital will 
experience its 
design-level 

earthquake during 
its service life

Global warming is 
caused or exacerbated 

by human activities

|
100%

|
50%

?

…and at what point do we take action?



Six Different Americas
regarding climate change opinions

16%

29%

26%

8%

13%

8%
Alarmed - 16%

Concerned - 29%

Cautious - 26%

Disengaged - 8%

Doubtful - 13%

Dismissive - 8%

Source: Anthony Leiserowitz - Director of the Yale Project on 
Climate Change Communication and a Research Scientist at the 
School of Forestry and Environmental Studies at Yale University

http://environment.yale.edu/climate


Source: NOVA https://www.pbs.org/wgbh/nova/article/depoliticizing-climate-change/



Where are YOU on Climate Change?

… it’s too 
late to 
stop it.

Climate change may 
be happening, but 
it’s not caused by 

humans.

The earth is 
not getting 

warmer.

Climate change 
isn’t a bad thing, 
so not to worry.

I don’t know –
I’ve heard lots 

of different 
opinions.

… government 
programs aren’t 

the answer.
… a solution 
will present 

itself in time.

Climate change may be a problem, but…

… I don’t even 
want to think 

about it.

Climate change is a serious problem and we need to do all that we 
can right now – politically, professionally, and personally.

… we’re moving in the right 
direction – no need to take 
drastic action. There’s time.

… the problem is oil & gas companies / 
overpopulation / China / our government 

/ the other party / etc. 

Climate change is a serious problem but…

… we can’t 
risk damage 

to our 
institutions.





Emerging

Economies

https://pbs.twimg.com/media/CR8A5TgUAAA87AI.png



India

http://www.wri.org/sites/default/files/uploads/India_Energy_Map_v4-03.png



UK:  CO2 emissions fell by 5.8% in 2016, down 
36% below 1990 levels.  Focus: Coal

https://www.carbonbrief.org/analysis-uk-cuts-carbon-record-coal-drop





Population   

US:        325,000,000

China: 1,382,000,000

India:  1,344,000,000





https://www.connect4climate.or

g/sites/default/files/images/ifg/

COP21_wrapup-WRI.jpg























Money Spent

Money Saved

The Cost of Reducing Greenhouse Gases

CO2e Abatement Potential (Gt CO2e/year)
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Source: McKinsey & Company, Pathways to a Low-Carbon Economy: 
Version 2.1 of the Global Greenhouse Gas Abatement Cost Curve, 2010

Residential lighting (switch to LED)

Electronic device efficiency

Insulation Retrofit 
(residential)

Residential appliances

2nd generation biofuels

Full hybrid cars

New building efficiency

Waste recycling

Nuclear

Restoring degraded land

Reducing slash & burn 
agriculture

Grassland management
Coal plant CCS retrofit

Gas plant CCS retrofit

Plug-in hybrid cars

Industrial efficiency improvements

Residential HVAC retrofits

Small hydro

Geothermal

New coal plants w/CCS

Reforestation

Low-penetration wind

Solar PV
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Solar CSP
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• EFFECTIVE – will reduce CO2 emissions by 40% in first 12 years

• GOOD FOR PEOPLE – increased health, more $ for lower income

• GOOD FOR THE ECONOMY – 2.1 million new jobs, increased GDP

• BIPARTISAN – Cosponsored by Republicans and Democrats

• REVENUE NEUTRAL – No $ kept or spent by the government

https://citizensclimatelobby.org/energy-innovation-and-carbon-
dividend-act/



Volunteer lobbyists advocating CO2 reduction

Carbon Fee and Dividend

Places a steadily rising fee on the 
CO2 content of fossil fuels.

Gives all of the revenue from the carbon fee 
back to households.

Border adjustments will discourage 
businesses from relocating.

It's good for the economy AND even better 
for the climate

www.citizensclimatelobby.org

http://www.citizensclimatelobby.org/




The Environmental, Economic and Health Impact 

of Carbon Fee and Dividend

In 2013, CCE commissioned Regional Economic Models, Inc. (REMI) to study the 

effect of a revenue-neutral carbon price on the American economy. Chosen for its 

track record of providing analysis to both governmental bodies and the fossil fuel 

corporations, REMI’s analysis concluded that such a system would have strong 

positive economic effects on the nation’s health and prosperity alike.

REMI’s analysis concluded that, during the first 20 years alone, a CF&D policy 

would lead to:

• A 50% reduction of carbon emissions below 1990 levels

• The addition of 2.8 million jobs above baseline, driven by the steady economic 

stimulus of the energy dividend

• The avoidance of 230,000 premature deaths due to reduction in air pollutants 

that often accompany carbon emissions

https://www.dropbox.com/s/22lrokkdaf4a8fh/The-Economic-Climate-Fiscal-Power-and-Demographic-Impact-of-a-National-Fee-and-Dividend-Carbon-Tax-6.9.14.pdf?dl=0






(Source: 2014 NCA via NOAA NCDC / CICS-NC)



“For the first time all the countries of the world are 
together on the path to save the planet … we fought for a 
long time and today we’ve reached a solid agreement. It is 
a historic turning point.”

German Environment Minister Barbara Hendricks, COP21 
Paris Climate Accord



“Today’s agreement demonstrates without question that it 
is possible for us to come together in common cause to 
address the greatest challenges we face, preventing 
tragedy for the many millions of people vulnerable to the 
effects of climate change and securing the economic 
prosperity of the world in the 21st century.

Paul Polman, CEO, Unilever,

COP21 Paris Climate Accord



“We welcome the historic agreement that has just been 
reached in Paris. The world has come together to forge a 
deal that finally reflects the aspiration, and the 
seriousness, to preserve our planet for future 
generations”

World Bank Group President Jim Yong Kim,

COP21 Paris Climate Accord



1. The climate is changing
1. 1.8-degree F rise in temperatures since 1880
2. 7-inch rise in sea level over past 100 years
3. Increase in severe drought events
4. Increase in severe rain events
5. Decrease in Arctic ice thickness

2. Earth’s atmosphere is changing
1. Humans emit over 100 millions tons GHG/day
2. CO2 at 310 ppm, compared to historical 270
3. CH4, NO2 and HFC’s have also increased
4. No other climatic forcing can account for T rise

3. Reducing emissions now will reduce future effects
4. A refundable carbon tax will reduce carbon emissions, 

improve health, and be good for the economy.



Thank you!

If not us, who? If not now, when?
- paraphrased from Hillel the Elder, approx. 50 BCE
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