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The continued release of CO2 to the 
atmosphere from burning fossil fuels would 
“almost certainly cause significant changes” and 
“could be deleterious from the point of view of 
human beings […] and marked changes in 
climate, not controllable through local or even 
national efforts.

U.S. President's Science Advisory to 
President Lyndon B. Johnson 1966
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The IPCC et al
• Intergovernmental Panel on Climate Change (http://www.ipcc.ch/)

– Established 1985 by UNEP and WMO
– Provides review of science on causes of  climate change (WG1), impacts of 

climate change (WG2), options of adaptation and mitigation (WG3)
– Entirely volunteer run, with nomination process, support from UN trust fund
– Assessment report ever ~4 yrs since 1990, a conservative estimate of state 

of science, in details and summary for policymakers
• Supports efforts of global climate change harm reduction under U.N. 

Framework Convention on Climate Change (UNFCCC), adopted 1992
– Conference of Parties (165 signatories, 197 ratifiers) meets annual to 

update plans and form protocols for emissions reduction: Kyoto Protocol 
(1997, effective 2008-2012/2013-2020) and Paris Agreement (2015, 
effective 2016-)

• Has spurred many national and regional efforts on climate change 
assessment (National Academies, DOD, World Bank, WICCI), 
regulations (Clean Power Plan, Regional Greenhouse Gas Initiative, 
state level energy mandates), and industries (Tesla, BP carbon 
capture)





https://www.ipcc.ch/report/ar5/





http://nca2014.globalchange.gov/
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http://cci-reanalyzer.org/



http://cci-reanalyzer.org/



Three things about climate

• Climate is the average of weather
• Climate changes naturally



Mann et al., 2003, EOS
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Three things about climate

• Climate is the average of weather
• Climate changes naturally
• The study of climate change is well-

established. We know how climate 
changes and what’s is mostly causing 
current change



• Planetary (inc. Earth) temperature is determined 
by interaction of sunlight warming Earth’s 
surface, and “greenhouse” gases that absorb 
infrared radiation (Fourier 1824, Tyndall 1861)

• CO2 is a greenhouse warming gas and emitted 
from coal, oil, gas (Arrhenius 1896)

• Oceans can only take up a fraction of CO2
produced by combustion (Revelle 1957)



Trenberth et al., 2009





Forcings



Other evidence: decreasing radiocarbon content of atmosphere, acidification of 
ocean, increased water use efficiency of plants, concentrations tracks emissions 



• Atmospheric CO2 increasing ~ 2 ppm/yr from 
fossil fuel combustion, with 50% going into land 
and ocean sinks (Keeling 1960, Tans 1990)

• Short and long term observed warming 
patterns are linked to greenhouse gases 
(Callendar 1938, Mann 1999)

• Significant warming in the 20th century is 
mostly explained by atmospheric CO2 (Manabe
1967, Hansen 1984)



Mauna Loa Carbon Dioxide RecordAtmospheric CO2 records

Trend expected 
from fossil-fuel 
burning



Knutti et al, 2017
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• US per capita fossil fuel emissions exceed 
most of the world (DOE, GCP). China total 
emissions now exceeds the US (IEA).

• Climate projections show a 3 C +/- 1.5 C 
response to doubling of CO2 by 2100 with the 
primary uncertainty in range of emissions 
(IPCC 1990, 1995, 2001, 2007, 2013)

• Modest warming (0-2 C) creates both winners 
and losers; warming above 2C or 550 ppm, 
losers > winners; warming above 4C, mostly 
losers (WMO, ExxonMobil, Stern Review, 
World Bank, NCA, WICCI, DOD 1979-present)



Top fossil fuel emitters (per capita)

Countries have a broad range of per capita emissions reflecting their national circumstances China’s	
per	capita	emissions	have	passed	the	EU28	and	are	43%	above	the	global	average

Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015



Observed emissions and emissions scenarios

The emission pledges submitted to the Paris climate summit avoid the worst effects of climate 
change (red), most studies suggest a likely temperature increase of about  3°C (brown) 

Over	1000	scenarios	from	the	IPCC	Fifth	Assessment	Report	are	shown
Source:	Fuss	et	al	2014; CDIAC;	Global	Carbon	Budget	2015
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What Are The Options?
• Adaptation

• Mitigation
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– Economic/political (relocation, tech transfer, 
payments for damages, reduce poverty, educate) 

– Technological (resilient tech, seawalls, genetic 
hybrids, cure malaria, colonize new planet)

• Mitigation









What Are The Options?
• Adaptation

– Economic/political (relocation, tech transfer, 
payments for damages, reduce poverty, educate) 

– Technological (resilient tech, seawalls, genetic 
hybrids, cure malaria, colonize new planet)

• Mitigation
– Economic (taxes, cap and trade, R&D)
– Regulatory (treaties, bans, compacts, fuel/energy 

standards, public transit, voluntary agreements)
– Societal (sustainable development, education)
– Technological (CO2 capture, geoengineering, 

green tech, alternative energy, energy efficiency)



Carbon	quota	for	a	66%	chance	to	keep	below	2°C	

The	total	remaining	emissions	from	2017	to	keep	global	average	temperature	below	2°C	
(800GtCO2)	will	be	used	in	around	20	years	at	current	emission	rates

Grey:	Total	CO2-only	quota	for	2°C	with	66%	chance.	Green:	Removed	from	CO2 only	quota.	Blue:	Remaining	
CO2 quota.

The	remaining	quotas	are	indicative	and	vary	depending	on	definition	and	methodology
Source:	Peters	et	al	2015;	Global	Carbon	Budget	2016



KAYA IDENTITY

http://climatemodels.uchicago.edu/kaya/











http://globalchange.mit.edu/focus-areas/uncertainty/gamble



Chipperfeld et al., 2017



Global Treaties

• There is no international rules making 
body!

• Treaties are a game of incentives and 
disincentives to sign and to comply

• Individual countries weigh costs and 
benefits

• Compliance and monitoring are 
contentious issues



Global Environmental Policy
• 1963, 67, 70, 77 U.S. Clean Air Act
• 1972 UNEP formed
• 1979 WMO conference
• 1979 UNCLRTAP
• 1985 Vienna Convention for O3
• 1987 Montreal protocol for O3 signed
• 1989 Montreal in force
• 1990 IPCC First Assessment Report 

(FAR)
• 1990 US Clean Air Act revision - Cap 

and Trade
• 1992 Rio Earth Summit - UNFCCC

• 1995 IPCC 2nd report
• 1997 Kyoto signed, ratified in 2004
• 2001 IPCC 3rd report
• 2005 Kyoto in force
• 2007 IPCC 4th report
• Dec 2007 – Bali
• 2008-2012 First commitment period for 

Kyoto
• 2013 IPCC 5th report
• Dec 2009-2015 (COP 15-21) –

Copenhagen, Cancun, Durban, Doha, 
Warsaw, Lima, Paris

• 2012-2020 Second period for Kyoto
• Summer 2016 Paris in force
• Dec 2016 – Marrakech
• 2020 – Paris in force



Kyoto Protocol
• Signed 1997 in Kyoto,Japan, into force in Feb 2005, first 

commitment, 2008-2012, amended in Doha to go to 2020
• Targets for developed countries (Annex B) for emissions below 

a “baseline” (1990)
• Market mechanisms:

– Emissions trading
– Clean Development Mechanism
– Joint Implementation

• Also: compliance, monitoring, adaptation fund, registry/reporting 
requirements



Paris
• Refocuses goal on temperature below 2 C 

limit (global emissions will need to peak in 
<20 years, sources must balance sinks by 
2050)

• Lets countries determines their contribution
• $100 billion fund for developing countries
• Is set to be in force, now that > 55% of 

emissions included in ratified countries*
• Compliance and monitoring will be a key 

challenge



Signed and Ratified

Signed with intent to Ratify

Signed with no intent to Ratify

Non-
Signatory

UNFCCC and Kyoto Protocol and the Paris Agreement



Commitments
• China: carbon intensity in 2020 40% below 2005 

(emissions still rise), peak carbon emissions 2030
• U.S.: 2025 26-28% emissions below 2005 (double 

earlier pace), 2050 83% below 
• South Korea: 30% below business as usual by 2020 

(emissions doubled 1990-2005)
• Russia: 25%
• Brazil: 38-42% below 2020 projection, half by 

deforestation reduction (REDD)
• Australia: 5-20% below 2000 by 2020
• India: carbon intensity 20% lower by 2020



The	emission	pledges	(INDCs)	of	the	top-4	emitters

The	emission	pledges	from	the	US,	EU,	China,	and	India	leave	no	room	for	other	countries	to	
emit	in	a	2°C	emission	budget	(66%	chance)

Source:	Peters	et	al	2015;	Global	Carbon	Budget	2016



Major flows from production to consumption

Flows from location of generation of emissions to location of 
consumption of goods and services

Values for 2011. EU is treated as one region. Units: MtCO2
Source: Peters et al 2012



Major flows from extraction to consumption

Flows from location of fossil fuel extraction to location of 
consumption of goods and services

Values for 2011. EU is treated as one region. Units: MtCO2
Source: Andrew et al 2013
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The future?
• Climate scientists will continue to refine projections of 

future change and impacts in response to emissions 
and/or policy

• Global treaty progress will likely be slow, but there 
are successes in deforestation reduction, developing 
country support, and renewal energy infrastructure

• Bi- or Multi- lateral agreements (e.g., US-China) and 
within country “energy arms race” may end up having 
the biggest bang for buck

• Fossil fuel reserves are getting scarcer, but not 
running out anytime soon. Given lags in climate 
response, some level of adaptation is inevitable

• The current US federal administration just threw a 
really big monkey-wrench into the whole thing


