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Which statement best represents 
your opinion?
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A. Climate  change is not a significant issue 

B. Climate  change is a modest-level issue  

C. Climate change is a major issue     

D. Climate change is major, but not practical to address

This Pre-Talk Survey which will be followed by a Post-Talk Survey
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Summary of Global Direct Temperature Measurements

https://www.ncdc.noaa.gov/cag/global/time-series/globe/land_ocean/12/12/1880-2018
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Summary of Global Direct Temperature Measurements

https://www.ncdc.noaa.gov/cag/global/time-series/globe/land_ocean/12/12/1880-2018

Last 5 years are 
hottest in modern 
times.             

Link to source on most pages  



5https://www.nasa.gov/press-release/2018-fourth-warmest-year-in-continued-warming-trend-according-to-nasa-noaa

The Earth has a fever!

• “Earth's global surface temperatures in 2018 were the fourth warmest 
since 1880, according to independent analyses by NASA and the National 
Oceanic and Atmospheric Administration (NOAA).

• Global temperatures in 2018 were 1.5 degrees Fahrenheit (0.83 degrees 
Celsius) warmer than the 1951 to 1980 mean, according to scientists at 
NASA’s Goddard Institute for Space Studies (GISS) in New York. Globally, 
2018's temperatures rank behind those of 2016, 2017 and 2015. The past 
five years are, collectively, the warmest years in the modern record….

• “This warming has been driven in large part by increased emissions into 
the atmosphere of carbon dioxide and other greenhouse gases caused by 
human activities, according to Schmidt.”

•



6http://data.giss.nasa.gov/gistemp/maps/Source: NASA GISS Surface Temperature Analysis: 



What does this mean for humans, 
that is, what are the consequences?
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And in Australia…

• Their drought has lasted for several years

• This season crops are expected to be 20% lower 
than average.  
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 This 
is 121 oF.

https://twitter.com/BOM_au?ref_src=twsrc%5Etfw%7Ctwcamp%5Etweetembed%7Ctwterm%5E1085354246369882114&ref_url=https%
3A%2F%2Fedition.cnn.com%2F2019%2F01%2F18%2Faustralia%2Faustralia-heat-wave-peak-intl%2Findex.html



Do you like ticks and mosquitoes?
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Then you will love the future!

https://www.nytimes.com/2018/05/01/health/ticks-mosquitoes-
diseases.html?emc=edit_na_20180501&nl=breaking-news&nlid=68834884ing-news&ref=cta



10https://www.cnn.com/2018/11/09/us/wildfires-why-they-spread-so-quickly-wcx/index.html



11https://droughtmonitor.unl.edu/CurrentMap/StateDroughtMonitor.aspx?CA



In Addition to Life and Property Losses
In California, There are Broader Consequences
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*California is the largest dairy state

*It grows 1/3rd of all US vegetables

*It grows 2/3rds of all US fruits & nuts

Climate is a major factor for food production.
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https://nsidc.org/arcticseaicenews/



New York Times, Thursday, June 13, 2018

14https://www.nytimes.com/2018/06/13/climate/antarctica-ice-melting-faster.html

“Between 60 and 90 percent of the world’s fresh water is frozen in the ice sheets of 
Antarctica, a continent roughly the size of the United States and Mexico combined. If all 
that ice melted, it would be enough to raise the world’s sea levels by roughly 200 feet.
While that won’t happen overnight, Antarctica is indeed melting, and a study published 
Wednesday in the journal Nature shows that the melting is speeding up.”

The rate at which Antarctica is losing ice has tripled since 2007, according to the 

latest available data. The continent is now melting so fast, scientists say, that it will 

contribute six inches (15 centimeters) to sea-level rise by 2100. That is at the upper 

end of what the Intergovernmental Panel on Climate Change has estimated 

Antarctica alone could contribute to sea level rise this century.

https://www.nature.com/articles/s41586-018-0179-y


• “Earth’s climate is now changing faster than at any point in the history of 

modern civilization, primarily as a result of human activities. 

• “The impacts of global climate change are already being felt in the United 

States and are projected to intensify in the future—but the severity of future 

impacts will depend largely on actions taken to reduce greenhouse gas 

emissions and to adapt to the changes that will occur.

15
https://nca2018.globalchange.gov/chapter/1/

November, 2018
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https://nca2018.globalchange.gov/chapter/1/

50 Inches of Rain Fell on Houston During Hurricane Harvey



17https://nca2018.globalchange.gov/chapter/1/



Evidence of Recent Climate Change
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https://nca2018.globalchange.gov/chapter/1/



19

Why is Earth’s temperature changing?
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https://www.ipcc.ch/publications_and_data/ar4/wg1/en/faq-1-3.html



Let’s look at the primary chemical 
behind the Greenhouse Effect, CO2



IPCC Climate Change 2007:  Synthesis Report
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This data is from a time when humans were not a factor.



How high are recent values?
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A. 292

B. 345  

C. 390 

D. 411

E. 435
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http://www.esrl.noaa.gov/gmd/ccgg/trends/index.html

New Record
But Broken Recently:
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What do you think is the largest 
source of GHG’s in the world?

27

A. Transportation (cars, planes, trains, trucks)

B. Industry 

C. Residential & commercial buildings

D. Electricity and heat production 

E. Agriculture, Forestry, Land Use
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Figure SPM.2. Total anthropogenic GHG emissions (GtCO2eq/yr) by economic sectors. Inner circle shows direct GHG emission shares (in % of total 
anthropogenic GHG emissions) of five economic sectors in 2010. Pull-out shows how indirect CO2 emission shares (in % of total anthropogenic GHG 
emissions) from electricity and heat production are attributed to sectors of final energy use. “Other Energy” refers to all GHG emission sources in the 
energy sector as defined in Annex II other than electricity and heat production [A.II.9.1]. The emissions data from Agriculture, Forestry and Other
Land Use (AFOLU) includes land-based CO2 emissions from forest fires, peat fires and peat decay that approximate to net CO2 flux from the Forestry and 
Other Land Use (FOLU) sub-sector as described in Chapter 11 of this report. Emissions are converted into CO2-equivalents based on GWP100 6 from the 
IPCC Second Assessment Report. Sector definitions are provided in Annex II.9. [Figure 1.3a, Figure TS.3 a/b] [Subject to final quality check and copy edit.]



Source: Global Climate Budget https://www.icos-cp.eu/GCP/2017

Emissions from fossil fuel use and industry

November, 2017

https://www.icos-cp.eu/GCP/2017


Source: Global Climate Budget https://www.icos-cp.eu/GCP/2017 https://www.icos-cp.eu/GCP/2018

Emissions from fossil fuel use and industry

November, 2017

https://www.icos-cp.eu/GCP/2017


What Country has the Highest Total 
Emissions?

31

A. China

B. United States 

C. India

D. Germany

E. Saudia Arabia



What Country has the Second Highest 
Total Emissions?
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A. China

B. United States 

C. India

D. Germany

E. Saudia Arabia



Top emitters: Fossil CO2 emissions

The top four emitters in 2017 covered 58% of global emissions
China (27%), United States (15%), EU28 (10%), India (7%)

Bunker fuels, used for international transport, are 3.2% of global emissions.

Statistical differences between the global estimates and sum of national totals are 0.7% of global emissions.

Source: CDIAC; Le Quéré et al 2018; Global Carbon Budget 2018

http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/
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https://www.icos-cp.eu/GCP/2017


What do you think was the average 
emission level for the US?
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A. 6.1 

B. 8.4  

C. 10.6   

D. 14.8

E. 16.2
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Top emitters: Fossil CO2 Emissions per capita

Countries have a broad range of per capita emissions reflecting their national circumstances

Source: CDIAC; Le Quéré et al 2018; Global Carbon Budget 2018

http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/


US Summary in Recent Years

https://rhg.com/research/preliminary-us-emissions-estimates-for-2018/



US Summary in Recent Years

https://rhg.com/research/preliminary-us-emissions-estimates-for-2018/
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https://www.nytimes.com/2019/01/08/climate/greenhouse-gas-emissions-increase.html



The US population is 4.4% of the world. What percent of 
major emissions since 1870 came from the US?

41

A. 2.2% 

B. 4.4% 

C. 6.6%

D. 13%

E. 25%



Historical cumulative fossil CO2 emissions by country

Cumulative fossil CO2 emissions were distributed (1870–2017):

USA 25%, EU28 22%, China 13%, Russia 7%, Japan 4% and India 3%

Cumulative emissions (1990–2017) were distributed China 20%, USA 20%, EU28 14%, Russia 6%, India 5%, 
Japan 4%

‘All others’ includes all other countries along with bunker fuels and statistical differences
Source: CDIAC; Le Quéré et al 2018; Global Carbon Budget 2018

http://cdiac.ornl.gov/trends/emis/meth_reg.html
https://doi.org/10.5194/essd-10-2141-2018
http://www.globalcarbonproject.org/carbonbudget/


Top emitters: fossil fuels and industry (per dollar)

Emissions per unit economic output (emissions intensities) generally decline over time

China’s intensity is declining rapidly, but is still much higher than the world average

GDP are measured in purchasing power parity (PPP) terms in 2005 dollars.

Source: CDIAC; IEA 2015 GDP to 2013, IMF 2016 growth rates to 2015; Le Quéré et al 2016; Global 

Carbon Budget 2016

Some Good News: 
we are getting 
more efficient –
less emissions per 
output.

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.iea.org/publications/freepublications/publication/co2-emissions-from-fuel-combustion-highlights-2015.html
http://www.imf.org/external/ns/cs.aspx?id=29
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


31%
11.6 GtCO2/yr

Fate of anthropogenic CO2 emissions (2006-2015)

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2016; Global Carbon Budget 2016

26%
9.7 GtCO2/yr

34.1 GtCO2/yr

91%

9%
3.5 GtCO2/yr

16.4 GtCO2/yr

44%

Sources = Sinks

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essd-8-605-2016
http://www.globalcarbonproject.org/carbonbudget/


Non-symmetric Impact of Climate Change
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Bangladesh: 166 million people

>10  million people in danger of being displaced by rising seas.

Google Map

In summer of 2017, half the country was flooded.

Their emissions are less than 0.5 tons per person.



So what?  It has been warmer before, 
so why should we be concerned?

• The population of the world was not 7.3 billion

– Millions live in low-lying areas near the ocean

• Agriculture & animal cycles have developed with this 
climate

– Example – Many Pine Bark Beetles are surviving the winter

• The present change is very rapid
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A Prediction from 100 Years Ago

47Source: Climate Change PAC



Facts About Climate Change
In Past 100+ Years

• The average temperature of the earth has 
increased, with 2016 highest directly measured

• CO2 concentrations have increased by >40% 

• Sea level has increased, though modestly (<1 ft)

– But the rate of increase is 3x historical rate

• Glaciers, Greenland, Arctic and Antarctic ice 
have generally decreased in volume
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Now we consider projections.

What are the projections for CO2

concentrations in 2100?
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800,000 Year Record of CO2 Concentration

50
Global Climate Change Impacts in the United States, 2009



Consider the Future

51https://nca2018.globalchange.gov/chapter/2/



Consider the Future

52https://nca2018.globalchange.gov/chapter/2/



Updates from the UN’s IPCC in October, 2018:

Highlights

• To prevent 1.50C (2.7oF) need to reduce greenhouse 
gases by 45% from 2010 by 2030 & 100% by 2050

• Need to put a high price on carbon emissions

• Damage at 20C (3.6oF) projected at $69 trillion

– Residents of the Tropics would leave ignoring 
country borders and becoming climate refugees

53

http://www.ipcc.ch/report/sr15/
and summary at: https://www.nytimes.com/2018/10/07/climate/ipcc-climate-report-2040.html

http://www.ipcc.ch/report/sr15/
https://www.nytimes.com/2018/10/07/climate/ipcc-climate-report-2040.html


What do we do about this problem?
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Mitigation Strategies
Term refers to reducing the problem.

Reducing CO2 and other GHG Emissions by

 Improved efficiency: homes, cars, manufacturing

 Changing to alternate fuels or nuclear fuel

 Reducing destruction of plants and trees

 Replacing coal with natural gas gives 50% more 
energy per unit of carbon dioxide

 Personal actions….

55



Amount of CO2 Produced in 1 Hour
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How many aluminum cans can be recycled for the 
same amount of energy as one new can?
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A. 2

B. 4 

C. 7

D. 12

E. 19



Recycling Aluminum Cans
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Producing each new aluminum 
can generates 25 gallons of CO2



Which of these foods produces the most greenhouse 
gases per pound to get to your table?

59

A. Pork

B. Canned tuna

C. Rice

D. Beef

E. Chicken
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http://static.ewg.org/reports/2011/meateaters/pdf/methodology_ewg_meat_eaters_guide_to_health_and_climate_2011.pdf

But most important 
is to not waste food!



Reduce …..
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Gasoline Prices Do Not Encourage Conservation.
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• Gasoline Tax:

– Federal:  18.4 cents/gallon

• Unchanged for 25 years

–Ohio: 28.01 cents/gallon

• Will go up by 10.5 cents, diesel 
by 19 cents in July



Recent Trip East Coast
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Recent Trip East Coast
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Change your …..
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Use Renewable Energy - Wind
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By © Hans Hillewaert, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=6361901



Local News onSolar
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http://www.firstsolar.com/en/PV-Plants/Utility-Scale

http://www.toledoblade.com/Energy/2018/06/08/First-Solar-breaks-ground-on-400-million-plant-in-Wood-County.html



“Lazard’s latest annual Levelized Cost of Energy Analysis (LCOE 
12.0) shows a continued decline in the cost of generating 
electricity from alternative energy technologies, especially utility-
scale solar and wind. In some scenarios, alternative energy costs 
have decreased to the point that they are now at or below the 
marginal cost of conventional generation.”

68https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/



From the Lazard Study in November, 2018

69https://www.lazard.com/perspective/levelized-cost-of-energy-and-levelized-cost-of-storage-2018/
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Proposal for a 
Carbon Tax from 
GOP Leaders

https://www.clcouncil.org/wp-
content/uploads/2017/02/TheConse
rvativeCaseforCarbonDividends.pdf
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https://www.nytimes.com/2018/10/08/business/economic-science-nobel-prize.html



Best Possible First Step….
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Don’t Waste!!!!



Which statement best represents 
your opinion?

74

A. Climate  change is not a significant issue  

B. Climate  change is a modest-level issue 

C. Climate change is a major issue   

D. Climate change is major, but it is not practical to 
address 



Opinions on Climate Change
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0% 20% 40% 60% 80% 100%

CC Major, Not Practical

CC is Major

CC is Modest

CC is Not Significant Initial Opinion

108 Presentations:   N=5,248 



Opinions on Climate Change
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0% 20% 40% 60% 80% 100%

CC Major, Not Practical

CC is Major

CC is Modest

CC is Not Significant

Final Opinion
Initial Opinion

108 Presentations:   N=5,248   N=5,082

743 increase
+16.7%



Are you willing to reduce your 
emissions by conserving, recycling, 

changing eating habits, etc?
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A. I will modestly reduce my emissions 

B. I will significantly reduce my emissions

C. It would be difficult to reduce emissions

D. I see no need to reduce my emissions



78

Are You Willing to Reduce Your Emissions?

0% 10% 20% 30% 40% 50% 60%

No Need

Would be Difficult

Significantly

Modestly

N=5,500

About 75% 
committed 
to make a 
change in 
their lives –
so over 4,000



Some “Good News” About Climate Change

• Conservation saves money – and perhaps as much as 
33%  of goals can be reached this way

• The “fuel” for solar and wind is always free

• Green jobs can be a boon to the economy

79



What Else Can You Do?
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Tell your friends and family members!

The next generations need us to respond.



Web Resource on Climate Change
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*http://camelclimatechange.org/index.html
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Save the Data!
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