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Global Energy and Paris Agreement Outline
• Extreme weather
• Other GHG: methane and refrigerants
• Kaya identity
• International Efforts on Climate Change and Energy Policy: 

UNFCCC and IPCC
• The Paris Agreement COP-21
• Nationally Determined Contributions
• Green Climate Fund
• More COPs
• Climate strike
• Summary
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GHG: green house gasUNFCCC: United Nations Framework Convention on Climate ChangeIPCC: Intergovernmental Panel on Climate ChangeCOP: Conference of the Parties



Extreme Weather



Extreme Weather Events in 2018
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From BAMS, September 2019, State of the Climate in 2018 Fig. 1.1. Geographical distribution of selected notable climate anomalies and events in 2018



Selected Extreme Weather Events in 2018
• Alaska 2nd warmest year
• Arctic sea ice extent 2nd smallest maximum
• United States 3rd highest precipitation
• Hurricane Michael 4th strongest to make U.S. landfall
• Argentina warmest year since 1961
• Pacific hurricane above average
• Algeria city of Ouargla experiences 51.3°C
• Pakistan city of Nawavsha experiences 50.2°C
• Australia 3rd warmest year on record
• Pacific typhoon above average
• Antarctica sea ice 4th smallest maximum



Map of Extreme Weather Events in 2018
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BBC Weather January 31, 2020
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Other Greenhouse Gases
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Global Greenhouse Gas Concentrations
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CO2 versus CO2eq

Presenter
Presentation Notes
From JRC Fossil CO2 and GHG emissions of all world countries report, 2019 p. 33In 2015 CO2eq is 35% greater than CO2



Methane (Natural Gas)



August 29, 2019
E.P.A. to Roll Back Regulations on 

Methane, a Potent Greenhouse Gas



Aerial Footage of Aliso Canyon Natural Gas Leak
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Aerial footage filmed Dec. 17, 2015, shows potent, climate-damaging methane gases escaping from a massive natural gas leak at a storage facility in California’s Aliso Canyon, with the San Fernando valley pictured in the background. The giant methane plumes were made visible by a specialized infrared camera operated by an Earthworks ITC-certified thermographer.






Methane Leak 1
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Methane Leak 2
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Methane Leak 3
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Natural Gas Flaring
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Nature 249(1974)810

Mario J. Molina & F. S. Rowland

Stratospheric sink for chlorofluoromethanes: 
chlorine atom catalyzed destruction of ozone



Nobel Prize in Chemistry 1995

Paul J. Crutzen                       Mario J. Molina              F. Sherwood Rowland  

"for their work in atmospheric chemistry, particularly 
concerning the formation and decomposition of ozone".
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NASA Goddard Space Flight Center 
Ozone Hole Watch September, 2019
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The Montreal Protocol



Timeline of Montreal Protocol and 
Amendments at selected meetings

• 1987 Montreal Protocol on Substances that Deplete the Ozone 
Layer signed by 24 countries, eventually all countries sign

• Reduce certain CFC use 50% by 1999
• 10 year grace period for developing countries
• International fund to support developing countries efforts

• 1990 London
• Eliminate CFCs, certain halons, CCl4 by 2000

• 1992 Copenhagen
• Eliminate CFCs by 1995, halons by 1993, CCl4 by 1995, HCFC by 2029

• 1999 Beijing
• Freeze HCFC production by 2003

• 2007 Montreal 
• Phase out use of HCFC in developed countries by 2020
• Set schedule for phase out of HFCF in developing countries

• 2016 Kigali
• Set schedule for reduction of HFC use with goal of 80% by 2050
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Adapted from http://www.ozone-hole.org.uk/17.phpMontreal 1987 CFC 11, 12, 113, 114, 115 London 1989 CFC 13, 111, 112 211, 212, 213, 214, 215, 216, 2,17 eliminate by 2000. Halos 1211, 1301, 2402 eliminate by 2000 CCl4 eliminate by 2000Copenhagen 1990  eliminate CFC by 1995, halons by 1993, CCl4 by 1995, HCFC by 2029, see http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/27596Beijing 1999 freeze HCHC production by 2003Montreal 2007 http://ozone.unep.org/en/handbook-montreal-protocol-substances-deplete-ozone-layer/27607Kigali 2016 https://sdg.iisd.org/news/kigali-amendment-enters-into-force-bringing-promise-of-reduced-global-warming/ 



President Reagan Announcing Support of 
Montreal Protocol
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Ronald Reagan Statements on Signing the 
Montreal Protocol (1988)

• “I am pleased to sign the instrument of ratification for 
the Montreal protocol on substances that deplete the 
ozone layer.”

• “I believe the Montreal protocol, negotiated under 
the auspices of the United Nations Environment 
Program, is an extremely important environmental 
agreement.”

• “A mechanism for adjustment of the protocol is 
established to allow for changes based upon the 
review process. The wisdom of this unique provision is 
already being realized.“

• “The Montreal protocol is a model of cooperation.”
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November 3, 2019
More Evidence Points to China as Source 

of Ozone-Depleting Gas
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CFC-11 Emissions from Satellite Measurements
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Increase in CFC-11 emissions from eastern China based on atmospheric observations, M. Rigby et al., Nature_569(2019)546



Kaya Identity

Country and Regional Energy Consumption 
and Emissions Comparisons
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Kaya, Y., 1990: Impact of carbon dioxide emission control on GNP growth: Interpretation of proposed scenarios. Paper presented to the IPCC Energy and Industry Subgroup, Response Strategies Working Group, Paris dioxide emission control on GNP growth: Interpretation of proposed scenarios. Paper presented to the IPCC Energy and Industry Subgroup, Response Strategies Working Group, Paris



Kaya Identity
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Arguably an identity with content.  Each factor is interesting.  First factor is emission intensity per energy demand.  Second factor is energy demand per economic output.  Third factor is economic output per capita.  Last factor is population.From  Kaya, Y. Impact of Carbon Dioxide Emission Control on GNP Growth: Interpretation of Proposed Scenarios (IPCC Energy and Industry Subgroup, Response Strategies Working Group, 1990).
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2CO emissions
energy consumption

energy consumption
product

product
population

This ratio is about the fuel

This ratio is about efficiency

This ratio is about the level of development
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Kaya Identity Example - World
From BP Statistical Analysis 2019 (2018 data) and World Bank 2018

Global CO2 emissions: 33.9 Gt CO2
Global energy consumption 549.3 quads
Global domestic product: $85.9 trillion (2018 US$)
Global population 7,632 million

2
2 9

61.7 6,400 $11,260 7,632
10 $

tCO BTUCO emissions million persons
BTU person

=

2
2

CO Energy GDPCO Population
Energy GDP capita

=

CO2 intensity of energy supply

energy intensity of economic output

economic output per capita
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39.62 MMBTU per person = 11,610 kWh per person = 31.8 kWh per person per day.  2.44 tCO2 per personFrom BP table on CO2 emissions:“The carbon emissions above reflect only those through consumption of oil, gas and coal for combustion related activities, and are based on ‘Default CO2 Emissions Factors forCombustion’ listed by the IPCC in its Guidelines for National Greenhouse Gas Inventories (2006). This does not allow for any carbon that is sequestered, for other sources of carbon emissions,or for emissions of other greenhouse gases. Our data is therefore not comparable to official national emissions data”



Kaya Identity Example – U.S.
From EIA International Energy Outlook 2016 (2012 data) and World Bank 2013

U.S. CO2 emissions: 5.1 Gt CO2
U.S. energy consumption 91.2 quads
U.S. domestic product: $20.5 trillion (2018 US$)
U.S. population 326 million

2
2

CO Energy GDPCO Population
Energy GDP capita

=

2
2 9

56.4 4,440 $62,900 326
10 $

tCO BTUCO emissions million persons
BTU person

=

CO2 intensity of energy supply

energy intensity of economic output

economic output per capita
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280 MMBTU per person. = 82,040 kWh per person = 225 kWh per day per person  15.6 tCO2 per personFrom BP table on CO2 emissions:“The carbon emissions above reflect only those through consumption of oil, gas and coal for combustion related activities, and are based on ‘Default CO2 Emissions Factors forCombustion’ listed by the IPCC in its Guidelines for National Greenhouse Gas Inventories (2006). This does not allow for any carbon that is sequestered, for other sources of carbon emissions,or for emissions of other greenhouse gases. Our data is therefore not comparable to official national emissions data”



28 Members of OECD Europe
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From http://www.oecd.org/sdd/oecdmaineconomicindicators-countriescovered.htmOECD-Europe (all European members of OECD)�Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, the Netherlands, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden,  Switzerland, Turkey and United Kingdom     



28 Members of European Union
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EU 28 Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, United KingdomMap from https://www.bbc.com/news/world-middle-east-24367705



Kaya Identity Example – OECD
From BP Statistical Analysis 2019 (2018 data) and World Bank 2018

OECD  CO2 emissions: 12.4 Gt CO2
OECD energy consumption 224.8 quads
OECD domestic product: $52.7 trillion (2018 US$)
OECD  population 1,299 million
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CO Energy GDPCO Population
Energy GDP capita

=

2
2 9

55.2 4,270 $40,5501,299
10 $

tCO BTUCO emissions million persons
BTU person

=

CO2 intensity of energy supply

energy intensity of economic output

economic output per capita
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173 MMBTU per person = 50,700 kWh per person = 139 kWh per day per person.   9.55 tCO2 per personFrom BP table on CO2 emissions:“The carbon emissions above reflect only those through consumption of oil, gas and coal for combustion related activities, and are based on ‘Default CO2 Emissions Factors forCombustion’ listed by the IPCC in its Guidelines for National Greenhouse Gas Inventories (2006). This does not allow for any carbon that is sequestered, for other sources of carbon emissions,or for emissions of other greenhouse gases. Our data is therefore not comparable to official national emissions data”



Kaya Identity Example – EU
From BP Statistical Analysis 2019 (2018 data) and World Bank 2018

EU  CO2 emissions: 3.48 Gt CO2
EU  energy consumption 66.9 quads
EU  domestic product: $18.8 trillion (2018 US$)
EU  population 509 million
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2

CO Energy GDPCO Population
Energy GDP capita

=

2
2 9

52.0 3,570 $36,900 509
10 $

tCO BTUCO emissions million persons
BTU person

=

CO2 intensity of energy supply

energy intensity of economic output

economic output per capita
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131 MMBTU per person = 38,500 kWh per person = 106 kWh per day per person.   6.88 tCO2 per personFrom BP table on CO2 emissions:“The carbon emissions above reflect only those through consumption of oil, gas and coal for combustion related activities, and are based on ‘Default CO2 Emissions Factors forCombustion’ listed by the IPCC in its Guidelines for National Greenhouse Gas Inventories (2006). This does not allow for any carbon that is sequestered, for other sources of carbon emissions,or for emissions of other greenhouse gases. Our data is therefore not comparable to official national emissions data”



Kaya Identity Example – China
From BP Statistical Analysis 2019 (2018 data) and World Bank 2018

China CO2 emissions: 9.5 Gt CO2
China energy consumption 130 quads
China domestic product: $13.61 trillion (2012 US$)
China population 1,413 million

2
2

CO Energy GDPCO Population
Energy GDP capita

=

2
2 9

72.6 9,540 $9,6301,413
10 $

tCO BTUCO emissions million persons
BTU person

=

CO2 intensity of energy supply

energy intensity of economic output

economic output per capita
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83.3 MMBTU per person 24,400 kWh = 66.8 kWh per day per person.  6.08 tCO2 per person.From BP table on CO2 emissions:“The carbon emissions above reflect only those through consumption of oil, gas and coal for combustion related activities, and are based on ‘Default CO2 Emissions Factors forCombustion’ listed by the IPCC in its Guidelines for National Greenhouse Gas Inventories (2006). This does not allow for any carbon that is sequestered, for other sources of carbon emissions,or for emissions of other greenhouse gases. Our data is therefore not comparable to official national emissions data”



Kaya Identity Example – India
From BP Statistical Analysis 2019 (2018 data) and World Bank 2018

India CO2 emissions: 2.5 Gt CO2
India energy consumption 32.1 quads
India domestic product: $2.872 trillion (2012 US$)
India population 1,354 million

2
2

CO Energy GDPCO Population
Energy GDP capita

=

2
2 9

77.3 11,800 $2,0081,343
10 $

tCO BTUCO emissions million persons
BTU person

=

CO2 intensity of energy supply

energy intensity of economic output

economic output per capita
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23.7 MMBTU per person. = 6,950 kWh = 19.0 kWh per day per person  1.85 tCO2 per personFrom BP table on CO2 emissions:“The carbon emissions above reflect only those through consumption of oil, gas and coal for combustion related activities, and are based on ‘Default CO2 Emissions Factors forCombustion’ listed by the IPCC in its Guidelines for National Greenhouse Gas Inventories (2006). This does not allow for any carbon that is sequestered, for other sources of carbon emissions,or for emissions of other greenhouse gases. Our data is therefore not comparable to official national emissions data”
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Global Emissions and Emissions Intensity 
1990-2015
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From Robert B. Jackson, et al., Nature Climate Change,_December 2015.Using IEA Key World Energy Statistics, 2015 to calculate CO2 / GDP (PPP) 2005US$ World 0.373, OECD 0.300, U.S. 0.354, China, 0.633.



Kaya Take Away Thoughts, I

• China, U.S. and Europe are major emitters of CO2

• China and India population twice or three times that 
of U.S. and Europe

• U.S. and Europe are major economies, China is 
growing

• U.S. and Europe GDP per capita much greater than 
that of China 



Kaya Take Away Thoughts, II

• U.S., Europe, and China energy consumption roughly 
equal, but China will grow

• U.S. energy consumption and emissions per capita twice 
that of Europe

• All regions have similar emissions per unit of energy 
consumption, since all use fossil fuels

• China and India energy consumption and emissions per 
unit of economic output twice that of U.S. and Europe



International Efforts on Climate Change 
and Energy Policy



United Nations Framework 
Convention on Climate Change (UNFCCC)

Article 2



United Nations Framework Convention 
on Climate Change

• Negotiated in 1992 at Rio Conference “The Earth Summit”
• Ratified by all 197 members of U.N.
• Annual meetings since 1995: Conferences of the Parties [COP]
• 1997 Kyoto Protocol emission reductions agreement (COP-3) 
• 2009 Copenhagen 2°C temperature rise limit goal agreement 

(COP-15)
• 2013 Warsaw (COP-19) Warsaw International Mechanism
• 2015 Paris (COP-21) November 30 – December 12, 2015
• 2016 Marrakech (COP-22) November 7 – 18, 201
• 2017 Bonn (COP-23) November 6 – 17, 2017
• 2018 Katowice (COP-24) December 3 – 14, 2018 
• 2019 Madrid (COP-25) December 2 – 13, 2019 
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Rio declaration “stabilisation of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system.”



Kyoto Protocol
Article 3

The Parties included in Annex I shall, individually or jointly, 
ensure that their aggregate anthropogenic carbon dioxide 
equivalent emissions of the greenhouse gases listed in Annex A 
do not exceed their assigned amounts, calculated pursuant to 
their quantified emission limitation and reduction 
commitments inscribed in Annex B and in accordance with the 
provisions of this Article, with a view to reducing their overall 
emissions of such gases by at least 5 per cent below 1990 
levels in the commitment period 2008 to 2012.
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From http://unfccc.int/resource/docs/convkp/kpeng.pdf



International Monetary Fund 
Advanced Economies
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Presentation Notes
See IMF, World Economic Outlook, October 2015, and https://en.wikipedia.org/wiki/Developed_country.  Criteria for advanced economy are GDP per capita, diversification of exports, and integration into world economy.  37 listed in 2015.  Countries listed in Kyoto Protocol Annex 1 are Advanced Economies.From IMF October 2019 report:1 Advanced economies are AUT, BEL, CAN, CHE, CZE, DEU, DNK, ESP, EST, FIN, FRA, GBR, GRC, HKG, IRL, ISR, ITA, JPN, KOR, LTU, LUX, LVA, NLD, NOR, PRT, SGP, SVK, SVN, SWE, TWN, USA.2 Emerging market and developing economies are BGR, BRA, CHL, CHN, COL, HUN, IDN, IND, MEX, MYS, PER, PHL, POL, ROU, RUS, THA, TUR, ZAF.



Kyoto Protocol Timeline
• U.S. Senate adopts Byrd-Hagel Resolution on July 7, 1997
• Adopted at COP-3 in Kyoto on December 11, 1997
• One year signature period opened on March 16, 1998
• 82 countries and European Community sign in one year
• U.S. signs on November 17, 1998
• Clinton administration does not submit Protocol to Senate
• Ratification opened on September 17, 1998
• 55% clause satisfied on November 18, 2004
• Protocol in force February 16, 2005
• Canada withdraws effective December 15, 2011 
• By May, 2013 192 countries have ratified the Protocol
• U.S. signed, but did not ratify.  Canada signed, ratified and 

withdrew.



President George W. Bush letter to 
Senators Hagel, Helms, Craig and Roberts 

March 13, 2001

“As you know, I oppose the Kyoto Protocol because it exempts 
80 percent of the world, including major population centers 
such as China and India, from compliance, and would cause 
serious harm to the U.S. economy. The Senate’s vote, 95-0, 
shows that there is a clear consensus that the Kyoto Protocol is 
an unfair and ineffective means of addressing global climate 
change concerns.”
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http://www.tyndall.ac.uk/sites/default/files/wp12.pdf
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See https://www.youtube.com/watch?v=ot2DMZaHb_4Bush proposes an 18% reduction of carbon intensity from 183 tCO2/M$GDP (2002) to 151 tCO2/M$GDP (2012), https://www.newscientist.com/article/dn1932-bush-unveils-us-alternative-to-kyoto-protocol/



President Bush Kyoto Protocol
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At NOAA Silver Springs, MD, February 15, 2012






EU GHG Emissions History and Projections
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https://www.eea.europa.eu/data-and-maps/indicators/greenhouse-gas-emission-trends-6/assessment-3



Copenhagen Climate Conference

Presenter
Presentation Notes
From The Guardian, November 12, 2009



Copenhagen

• Goal was successor agreement to Kyoto
• Highly contentious meeting

• Legally binding controversy
• Financial responsibility of developed nations
• Commitment of developing nations, especially China 

and India
• Concerns of poorest nations

• Accord drafted by only a small circle of countries
• Some positive basis for future conferences: Green 

Climate Fund



Progression of Intergovernmental Panel on 
Climate Change [IPCC] Summary Statements

• FAR: “The unequivocal detection of the enhanced 
greenhouse effect…is not likely for a decade or more.”

• SAR: “The balance of evidence suggests that there is a 
discernible human influence on global climate.”

• TAR: “most of the observed warming over the last 50 years 
is likely to have been due to the increase in greenhouse gas 
concentrations.”

• AR4: “Most of the observed increase in global average 
temperatures since the mid-20th century is very likely due 
to the observed increase in anthropogenic greenhouse gas 
concentrations.”

• AR5: “It is extremely likely that human influence has been 
the dominant cause of the observed warming since the mid-
20th century.”

Presenter
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FAR quote SPM p. xii.  In FAR climate sensitivity of 1.5°C-4.5°C with best estimate of 2.5°C temperature rise from doubling of GHG.  Later IPCC reports have a similar value with emphasis on the probabilistic range.SAR quote: SAR Full Report p. 4.TAR quote: TAR WGI SPM p. 31.  Possibility of tripling of pre-industrial CO2 concentrations considered. AR4 quote: AR4 WGI SPM p. 10.AR5 quote: AR5 WGI SPM p. 17.



HFCCC COP Meetings to COP-21



RIO 1992

IPCC First Report 1990

IPCC Second Report 1995

IPCC Third Report 2001

IPCC Fourth Report 2007

IPCC Fifth Report 2014

HFCCC COP Meetings and IPCC Reports



RIO 1992

IPCC First Report 1990

IPCC Second Report 1995

IPCC Third Report 2001

IPCC Fourth Report 2007

IPCC Fifth Report 2014

UNFCCC History and Keeling Curve
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CO2 concentration from Mauna Loa observatory 1990 – 2015 scaled arbitrarily.  CO2 concentration increases by approximately 40 ppm over this time period to 400 ppm. Graph http://www.smithenvironment.com/2015/02/.



UNFCCC History and Global Temperature

RIO 1992

IPCC First Report 1990

IPCC Second Report 1995

IPCC Third Report 2001

IPCC Fourth Report 2007

IPCC Fifth Report 2014
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Global land-sea temperature from NASA, NOAA, and Met Office.  See https://www.wmo.int/media/content/wmo-2015-likely-be-warmest-record-2011-2015-warmest-five-year-period.  Note that a longer time series shows temperature trend better.  Insert shows 1990 – 2015 with temperature rise of roughly 0.5°C.  Last datum is October, 2015.
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Kyoto Protocol was “legally binding.”  Copenhagen meeting dissolved over the demand for “legally binding.”  Paris Agreement is not “legally binding.”



Voluntary versus legally binding agreement

• Agreements entered into by sovereign  states
• Sovereign state must execute some domestic actions
• Sovereign state must consent to enforcement
• No climate agreement has had enforcement 

mechanisms similar to WTO
• Sovereign states act for political reasons: self-

interest, public pressure, reputation, bargain 
position 

Presenter
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See Columbia Earth Institute blog posting by Hannah Chang of February 23, 2010, A “Legally Binding” Climate Agreement: What Does it Mean? Why Does it Matter?



Christiana Figueres:
Why are they doing this [agreeing to their 
pledges]?  Frankly, none of them are doing 
it to save the planet.  Let me be very clear.  
They’re doing it for what I think is a much 
more powerful political driving force, which 
is for the benefit of their own economy.

Why Are They Doing This?

Presenter
Presentation Notes
Christiana Figueres, executive secretary of UNFCCC.  Interview with CNN on December 2, 2015. 



Paris Conference (COP-21)



November 12, 2014
U.S. and China Reach Climate Accord 

After Months of Talks

Presenter
Presentation Notes
President Obama and President Xi Jinping of China, with their delegations, met inside the Great Hall of the People in Beijing on Wednesday. Credit Mandel Ngan/Agence France-Presse — Getty Images



U. S. - China Announcement November 12, 2014
Carbon dioxide

Presenter
Presentation Notes
From New York Times November 12, 2014.  U.S. achieve goal by continued curtailment of coal, new fuel efficiency standards.



Paris Agreement: Key Points

• 165 countries declare specific emission plans 
(Intended Nationally Determined Contributions) 
through 2020 and beyond

• Emission plans will be reviewed every five years 
starting in 2018

• Reporting on emissions required every two years 
subject to technical review

• Green Climate Fund of $100 billion by 2020 and 
then $100 billion annually to 2025

Presenter
Presentation Notes
For INDC see http://www4.unfccc.int/Submissions/INDC/Submission%20Pages/submissions.aspxFor Green Climate Fund see https://www.greenclimate.fund/documents/20182/24868/Status_of_Pledges.pdf/eef538d3-2987-4659-8c7c-5566ed6afd19



January 20, 2017
With Trump in Charge, Climate Change 

References Purged From Website



January 22, 2017
Trump Administration Aims to Reverse 

Obama’s Climate Agenda 



January 17, 2017
China makes it clear they are ready to lead on 

climate if Donald Trump won’t

“The Paris agreement is a hard-won achievement… all 
signatories should stick to it rather than walk away,”
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Chinese president Xi Jingping at World Economic Forum in Davos, Switzerland on Tuesday, January 17. 



June 1, 2017 President Trump Announces that 
United State Will Withdraw from Paris Agreement

Presenter
Presentation Notes
https://en.wikipedia.org/wiki/File:President_Trump_Makes_a_Statement_Regarding_the_Paris_Accord.webm



President Trump Paris Agreement

Presenter
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At White House June 1, 2017






Paris Agreement: Key Phrases

• “Well below 2°C”
• “Achieve a balance” between sources and sinks
• “Every 5 years”
• “Technology development”
• “Mobilizing climate finance”
• “Enhanced transparency”
• “Loss and damage”
• “55%”

Presenter
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Adopted from Science_350(2015)1451, “Inside the Paris Climate Deal.”
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Paris Agreement Status



Paris Agreement Status March, 2019



Two Degree Limit



Two Degree Limit
William D. Nordhaus

“Can We Control Carbon Dioxide?” 1975

‘‘As a first approximation, it seems reasonable to argue that the 
climatic effects of carbon dioxide should be kept within the 
normal range of long-term climatic variation.  According to 
most sources the range of variation between distinct climatic 
regimes is in the order of ± 0.5°C, and at the present time the 
global climate is at the high end of this range. If there were 
global temperatures more than 2 or 3°C above the current 
average temperature, this would take the climate outside of the 
range of observations which have been made over the last 
several hundred thousand years.”

Presenter
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William D. Nordhaus, “Can we control carbon dioxide?” International Institute for Applied Systems Analysis (IIASA) WP-75-063, 1975



Two Degree Limit
William D. Nordhaus

The Efficient Use of Energy Resources 1975

420 ppm

560 ppm

840 ppm

Presenter
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“The Efficient Use of Energy Resources,” William Nordhaus, Cowles Foundation for Research in Economics at Yale University, Monograph 26, 1979, figure 8.6



Total Emissions and Temperature

NB 2000-2010
2% per year!

Presenter
Presentation Notes
IPCC AR5 Figure SPM.10 “Global mean surface temperature increase as a function of cumulative total global CO2 emissions from various lines of evidence. Multimodel results from a hierarchy of climate-carbon cycle models for each RCP until 2100 are shown with colored lines and decadal means (dots). Some decadal means are labeled for clarity (e.g., 2050 indicating the decade 2040−2049). Model results over the historical period (1860 to 2010) are indicated in black. The colored plume illustrates the multi-model spread over the four RCP scenarios and fades with the decreasing  number of available models in RCP8.5. The multi-model mean and range simulated by CMIP5 models, forced by a CO2 increase of 1% per year (1% yr–1 CO2 simulations), is given by the thin black line and grey area. For a specific amount of cumulative CO2 emissions, the 1% per year CO2 simulations exhibit lower warming than those driven by RCPs, which include additional non-CO2 forcings. Temperature values are given relative to the 1861−1880 base period, emissions relative to 1870. Decadal averages are connected by straight lines. For further technical details see the Technical Summary Supplementary Material. {Figure 12.45; TS TFE.8, Figure 1}”



1.5 °C versus 2.0 °C



Global Warming of 1.5 °C
October 6, 2018
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See https://www.youtube.com/watch?v=rVjp3TO_juI



Global Warming of 1.5 °C
October 6, 2018
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See https://www.youtube.com/watch?v=rVjp3TO_juI



1.5 °C versus 2.0 °C

Presenter
Presentation Notes
From Vox October 7, 2018 using analysis of Carbon Brief.  See https://interactive.carbonbrief.org/impacts-climate-change-one-point-five-degrees-two-degrees/?utm_source=web&utm_campaign=Redirect



NDCs
Nationally Determined Contributions



Current NDC Submission Status
May, 2019
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From https://cait.wri.org/indc/Last submission May, 2019



NDC Type
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From https://cait.wri.org/indc/



Paris Agreement Emission Targets (2015)

• China
• Emissions to peak by 2030
• 20% renewables by 2030
• Reduce carbon intensity by 60-65% of 2005 levels by 2030

• U.S. reduce emission by 26-28% of 2005 levels by 2025
• EU reduce emission by at least 40% of 1990 levels by 2030
• India

• Reduce carbon intensity by 33-35% of 2005 levels by 2030
• 40% renewables by 2030
• Sequester 2.5-3.0 GtCO2e by 2030

• Brazil
• Reduce emission (including LULUCF) by 37% of 2005 by 2025
• 45% renewables by 2030

• Russia reduce emissions by 25-30% of 1990 levels by 2030
• Japan reduce emissions by 26% of 2013 levels by 2030

Presenter
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See analysis by http://climateactiontracker.org http://climateactiontracker.org/countries/china.htmlhttp://climateactiontracker.org/countries/usa.htmlhttp://climateactiontracker.org/countries/eu.htmlhttp://climateactiontracker.org/countries/india.htmlhttp://climateactiontracker.org/countries/russianfederation.htmlhttp://climateactiontracker.org/countries/japan.html





Climate Action Tracker Ratings
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From http://climateactiontracker.org/countries.html



Presenter
Presentation Notes
https://climateactiontracker.org/global/cat-thermometer/



Presenter
Presentation Notes
https://climateactiontracker.org/countries/Last update December, 2019



Global NDC Adequacy
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Climate Action Tracker
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https://climateactiontracker.org/countries/cat-graphs/



Global share in 2018  29.7%
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https://climateactiontracker.org/countries/china/JRC Science Policy Report: Fossil CO2 and GHG emissions of all world countries, 2019 Table 1 29.7%
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Global share in 2018  13.9%
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U.S. Emissions 2005 - 2019
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Inside Climate News January 7, 2020 U.S. Emissions Dropped in 2019: Here's Why in 6 ChartsSource Rhodium GroupFrom 2005 at 6,600 to 2019 at 5,800 is a reduction of 12%
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Global share in 2018  9.1%
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https://climateactiontracker.org/countries/eu/JRC Science Policy Report: Fossil CO2 and GHG emissions of all world countries, 2019 Table 1  9.1%
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EU GHG Emissions History and Projections
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Global share in 2018  6.9%
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What Happens to Coal?



Coal Plant Status, 2019
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Global Coal Capacity by Country
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UCS Coal Plant Status, 2016



China Coal Plant Map
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China Coal Plant Construction 2010-2019
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India Coal Plant Map
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India Coal Plant Construction 2012-2019
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https://www.downtoearth.org.in/blog/energy/renewable-capacity-additions-exceed-new-coal-in-india-67269.  Thermal capacity shown.Note decline in coal additions in FY2018.See also https://en.wikipedia.org/wiki/List_of_power_stations_in_India



Green Climate Fund

Paris Agreement: Green Climate 
Fund of $100 billion by 2020 and 

then $100 billion annually to 2025



September 8, 2018
Rich Nations Vowed Billions for Climate 

Change. Poor Countries Are Waiting.
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Activists demonstrating in front of the United Nations building on Friday in Bangkok, where a climate change conference was being held. CreditJewel Samad/Agence France-Presse — Getty Images



Green Climate Fund Pledges as of April 2019
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Green Climate Fund pledge tracker April, 2019https://www.greenclimate.fund/how-we-work/resource-mobilization
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Green Climate Fund Contributions  as of 
November, 2018
(millions of US$)

Presenter
Presentation Notes
Congressional Research Service, November, 2018$9,599,500,000  has been pledged; $6,756,800,000  has been contributed.  The U.S. pledge of $3,000,000,000 was canceled by the Trump administration.  $1,000,000,000 had already been contributed.Update available to April, 2019 at which time $10,240,000,000 pledged.  See https://www.greenclimate.fund/how-we-work/resource-mobilization



Locations of Green Climate Fund Projects 
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https://www.carbonbrief.org/mapped-where-multilateral-climate-funds-spend-their-money



COP-21
Paris, France

November 30, 2015 – December 12, 2015



More COPs





COP-22
Marrakesh, Morocco

November 7 – 18, 2016





COP-22 Outcome
• Paris Agreement affirmed by Marrakesh Action 

Proclamation
• 100 G$ Green Climate Fund goal by 2020 affirmed
• NDC evaluation rulebook debate continued
• Loss and damage discussion continued
• Deadline for updated NDCs May, 2017
• 2050 Pathway Platform signed on by 22 countries, 15 

cities, and 196 businesses
• 47 poor nations sign on to 100% renewables as soon as 

possible

Presenter
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NB Trump election victory on November 7, 2016 with his well known announcement of intention to withdraw from Paris Agreement



COP-23 Bonn 
November 6 – 17, 2017



COP-23 Bonn November 6 – 17, 2017

Presenter
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From Carbon Brief November 19, 2017

https://www.carbonbrief.org/wp-content/uploads/2017/11/Polar-bears-COP23-1.jpg
https://www.carbonbrief.org/wp-content/uploads/2017/11/Polar-bears-COP23-1.jpg


What Happened (and Didn’t) at the 
Bonn Climate Talks

November 18, 2017

• “…another year of saving the process, if not the planet…”
• No new Paris agreement individual pledges
• No new Green Climate fund contributions
• Rulebook to verify Paris pledges by COP24 in 2018
• Loss and damage debated



COP-24
Kotowice, Poland

December 3 – 14, 2018



Display Promoting Coal at COP-24
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NYT_12142018 An installation promoting coal at the conference.  Credit Karolina Jonderko for The New York Times



COP-24 Delegates Celebrate
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International delegates celebrate during the last day of COP24 in December. [Photo: MAC_Europa/Twitter]From https://www.euractiv.com/section/climate-environment/news/post-cop24-stocktake-praises-katowice-rulebook-canetes-baby/



COP-24 Outcomes

• Nationally Determined Contributions (NDC) remain 
vehicle for emissions reductions

• NDCs remain voluntary
• NDCs must use standardized methodology and must be 

submitted biannually
• NDCs reporting requirements recognize three classes of 

nations: industrialized, developing, LDC/SIDS
• Market mechanisms for meeting NDCs are under 

negotiation
• Loss and damage payments and climate adaptation 

financing have not been addressed



COP-25
Madrid, Spain

December 2 – 13, 2019





December 15, 2020

U.N. Climate Talks End Without Meeting Goals

Presenter
Presentation Notes
A member of the U.S. delegation at the U.N. Climate Change Conference in Madrid on Friday. Photo: Susana vera/Reuters 



COP-25 Summary
• Exit of United States from Paris Agreement on 

November 4, 2020.  
• Fail to strengthen emission reduction targets
• Fail to create a carbon trading system
• Financing for poor and developing countries remains 

in adequate
• Loss and damage remains contentious
• EU commits to net-zero emissions by 2050
• Some corporate and investment efforts outside of 

Paris Agreement



COP Process Will Continue

Presenter
Presentation Notes
Perspectives climate group presentation by Axel Michaelowa, December 19, 2018, “The Paris Rulebook: missing pages after the Katowice Decisions



A Few Initiatives
• United States – “We Are Still In” declaration from over 3,500 

governmental and civic leaders.  “Green New Deal.”  100% 
renewable energy.

• China – Five-year plan targets for limiting coal use and 
deploying solar power, wind power, nuclear power, natural 
gas, and energy efficiency in the industrial and power 
sectors

• Germany – government announces exit from coal by 2038
• United Kingdom – phase out of coal, carbon tax
• Globally 51 carbon tax and exchange trading systems 
• International Civil Aviation Organization (ICAO) and 

International Maritime Organization (IMO) emission 
reduction goals

• Not all initiatives are positive: Australia, Brazil, France, etc.

Presenter
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U.S. https://www.wearestillin.com/China Columbia Center on Global Energy Policy, July 2018, Guide to Chinese Climate Policy 2018Germany https://www.reuters.com/article/us-energy-coal-germany/germany-to-move-ahead-quickly-on-implementing-coal-exit-idUSKCN1PL001https://www.nytimes.com/interactive/2019/02/13/climate/cut-us-emissions-with-policies-from-other-countries.html 



September 25, 2019
More Than 60 
Countries Say 

They’ll 
Zero Out Carbon 

Emissions.



January 16, 2020
How Hard Is It to Quit Coal? For Germany, 18 

Years and $44 Billion

Presenter
Presentation Notes
An open-pit coal mine and power plant in Schophoven, Germany, this week.Credit...Federico Gambarini/DPA/Agence France-Presse — Getty Images



September 21, 2019

Protesting Climate Change, Young People 
Take to Streets in a Global Strike 



Swedish Parliament Building
August, 2018



Hamburg, Germany
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NYT September 21, 2019 A group gathered at the Jungfernstieg, a main boulevard in Hamburg, Germany. CreditAxel Heimken/DPA, via Agence France-Presse — Getty Images



Oslo, Norway
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NYT September 21, 2019 Students protested at Norway’s Parliament in Oslo. CreditBerit Roald/Agence France-Presse — Getty Images



Lahore, Pakistan
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NYT September 21, 2019 A group protesting in Lahore, Pakistan. CreditArif Ali/Agence France-Presse — Getty Images



Stockholm, Sweden
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Brussels, Belgium
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Foley Square, Manhattan
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NYT September 21, 2019 Foley Square in Manhattan. CreditMark Abramson for The New York Times



St. Petersburg, Florida
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NYT September 21, 2019 Photo not captioned, but St. Petersburg mentioned in next paragraph.

https://www.nytimes.com/2019/09/20/nyregion/climate-strike-nyc.html?action=click&module=RelatedLinks&pgtype=Article
https://www.nytimes.com/2019/09/20/nyregion/climate-strike-nyc.html?action=click&module=RelatedLinks&pgtype=Article


Zagreb, Croatia
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NYT September 21, 2019 Bronic/Reuters Zagreb, Croatia. CreditAntonio 



New Delhi, India
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NYT September 21, 2019 rally in New Delhi. CreditAnushree Fadnavis/Reuters



Sydney, Australia
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NYT September 21, 2019 Protestors in Sydney, Australia. CreditSteven Saphore/EPA, via Shutterstoc



Brisbane, Australia

Presenter
Presentation Notes
NYT September 21, 2019 One of the day’s first protests, in Brisbane, Australia. CreditGlenn Hunt/Getty Images



Tirana, Albania
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Rio de Janeiro, Brazil
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Washington D.C.
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Berlin, Germany
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Wakiso, Uganda
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Karachi, Pakistan
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San Francisco, California
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Bucharest, Romania
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Johannesburg, South Africa
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Guilin, China
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Greta Thunberg at World Economic Forum
Davos January 25, 2020
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Take Away Thoughts Global Energy 
Considerations and Update to Paris Agreement

• Climate change caused extreme weather is global
• Other GHG contribute to climate change
• Emissions follow population, primary energy source, and 

stage of development
• International efforts to address emissions are progressing 

slowly with key issues unresolved even after decades
• Some local, regional and national efforts promising
• Climate change awareness among young



The Bill
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