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Candidate Climatic Tipping Element State Shift Main Impact Pathways

Atmosphereςocean circulation

Atlantic meridional overturning
circulation

Major reduction in strength Regional temperature and precipitation; 
global temperature; regional sea level

El NiñoςSouthern Oscillation Increase in amplitude Regional temperature and precipitation

Equatorial atmospheric superrotation Initiation Cloud cover;climate sensitivity

Regional North Atlantic Ocean convection Major reduction in strength Regional temperature and precipitation

Cryosphere

AntarcticIce Sheet Major decrease in ice volume Sea level; albedo; freshwater forcing on 
ocean circulation

Arctic sea ice Major decrease in summertime and/or 
perennial area

Regional temperature and precipitation; 
albedo

Greenland Ice Sheet Major decrease in ice volume Sea level; albedo; freshwater forcing on 
ocean circulation

Carbon cycle

Methane hydrates Massive release of carbon Greenhouse gas emissions

Permafrost carbon Massive release of carbon Greenhouse gas emissions

Ecosystem

Amazon rainforest Dieback, transition to grasslands Greenhouse gas emissions; biodiversity

Boreal forest Dieback, transition to grasslands Greenhouse gas emissions; albedo; 
biodiversity

Coral reefs Die-off Biodiversity

https://scie
nce2017.glo
balchange.g
ov/chapter/
15/



Antarctic Ice Sheets





Ice Melt, Sea Level Rise and Superstorms: Evidence from Paleoclimate Data, Climate
Modeling, and Modern Observations that 2°C Global Warming is Dangerous, preprint 
2016



Fig. 1: Rates of grounding-line migration between 2010 and 2016 
along the Antarctic grounding line8 derived from CryoSat-2 and 
bedrock topography24observations.

Between 2010 and 2016, 22%, 
3% and 10% of surveyed 
grounding lines in West 
Antarctica, East Antarctica and at 
the Antarctic Peninsula retreated 
at rates faster than 
нр Ƴ ȅǊҍм(the typical pace since 
the Last Glacial Maximum) and 
the continent has lost 
мΣпсо ƪƳ2 ± тфм ƪƳ2 of 
grounded-ice area.
Nature Geoscience(2018)

02 April 2018

Net retreat of Antarctic glacier grounding lines



Observed changes in annual, winter, and summer temperature (°F). Changes are the 
difference between the average for present-day (1986ς2016) and the average for the 
first half of the last century (1901ς1960 for the contiguous United States, 1925ς1960 
ŦƻǊ !ƭŀǎƪŀ ŀƴŘ IŀǿŀƛΨƛύΦ Estimates are derived from the nClimDivdataset., (Figure source: NOAA/NCEI).



Megadrought Risk:  Ault et al.,
Sci. Adv. 2016;2: e1600873 5 October 2016



http://nca2014.globalchange.gov/report/regions/southwest

http://nca2014.globalchange.gov/report/regions/southwest
http://nca2014.globalchange.gov/report/regions/southwest
http://nca2014.globalchange.gov/report/regions/southwest


The projected 
increase in heat 
waves in Southwest 
cities increases the 
chances that a chain 
of escalating effects 
could lead to serious 
increases in illness 
and death due to 
heat stress. The top 
of the figure provides 
some of the links in 
that chain, while the 
bottom of the figure 
provides adaptation 
and improved 
governance options 
that can reduce this 
vulnerability and 
improve the 
resilience of urban 
infrastructure and 
community residents.

nca2014.globalchang
e.gov/report/regions
/southwest



Future climate projections

How does the 
climate depend on 
atmospheric CO2 
concentrations?

Possible scenariosfor 
global GHG 

emissions up to year 
2100

Climate impacts:
ÅGlobal surface temp.
ÅSea surface temp.
ÅSea level rise, sea ice 

extent
ÅOcean pH
ÅPrecipitation
ÅRegional climate 

change



Some consequences of greenhouse gas emissions: 

?
Human diseases increase

Clean water shortages
Food scarcity 

Major economic disruptions
Population displacements

Wars

Littoral flooding
Long term droughts
Agricultural disruption
Extreme weather events
Species extinction

Climate impacts:
Å Global surface temp.
ÅSea surface temp.
ÅSea level rise, sea ice 

extent
ÅOcean pH
ÅPrecipitation

ÅRegional climate change



Source: Munich Re Geo Risks Research 2016

Extreme Weather Events



U.S. Global Change Research 
Program Climate Science 
Special Report 2017





Most places will continue to get warmer, especially at 

night and in winter. The temperaturechange will benefit 

some regions while harming others τfor example, patterns of 

tourism will shift. The warmer winters will improve 
health and agriculture in some areas, but globally, 
food supplies will be endangered due to more frequent 

and extreme summer heat waves and other effects. Regions not 
directly harmed will suffer indirectly from higher food prices 
and a press of refugees from afflicted regions.

Sea levelswill continue to rise for many 
centuries. The last time the planetwas 3°C warmer than 

now, the sea level was at least 6 meters (20 feet) 
higher.(23)That submerged coastlines where hundreds of 
millions of people now live, including cities from New York to 
Shanghai. The rise will probably be so gradual that later 
generations can simply abandon their parents' homes, but a 
ruinously swift rise cannot be entirely ruled out. Meanwhile 
storm surges will cause emergencies.

Weatherpatterns will keep changingtoward an 

intensified water cycle with stronger floods and droughts. Most 
regions now subject to droughts will probably get drier 
(because of warmth as well as less precipitation), and most wet 
regions will get wetter. Extreme weather events will become 
more frequent and worse. In particular, storms with more 
intense rainfall are liable to bring worse floods. Some places 
will get more snowstorms, but most mountain glaciers and 
winter snowpack will shrink, jeopardizing important water 
supply systems. Each of these things has already begun to 
happen insome regions.

Ecosystems will be stressed, although some managed 

agricultural and forestry systems might benefit in the first decades 

of warming. Uncounted valuable species, especiallyin the Arctic, 

mountain areas, and tropical seas, must shift their ranges. Many 
that cannot will face extinction. A variety of pests and tropical 
diseases are expected to spread to warmed regions. These 
problems have already been observed in numerous places.

Increased carbondioxide levels will affect biological 
systems independent of climate change. Some crops will be 

fertilized, as will some invasive weeds (the balance of benefit vs. 
harm is uncertain). The oceans will continue to become markedly 
more acidic, gravely endangering coral reefs, and probably 
harming fisheries and other marine life.

http://history.aip.org/climate/impacts.htm#N_23_


10 APRIL 2014 | VOL 508 | NATURE | 173

Econometric Forecasts



The Global Commons

The seas and the atmosphere belong 

to all of humanity .





DŜǘǘƛƴƎ ǘƻ ά¸9{έ- Paris COP21  December 2015
Paris Agreement (+ Annex)

197 countries
18 years since first Kyotoagreement
Voluntary emissions reductions
Phased in over several years- not specified
LƴŎƭǳŘŜǎ ǇŜǊƛƻŘƛŎ ΨǎǘƻŎƪ-ǘŀƪƛƴƎΩ ǿƛǘƘ Ŧǳƭƭ ǘǊŀƴǎǇŀǊŜƴŎȅ όǎǘŀǊǘǎ ƛƴ нлноύ
άŎƻƳƳƻƴ ōǳǘ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ǊŜǎǇƻƴǎƛōƛƭƛǘȅέ όƴƻǘ ΨƭƛŀōƛƭƛǘȅΩύ

Strong voice for developing countries
Strong voice for small island nations

Inclusion of sustainable development context for actions
Includes need for initial payments to developing countries- $100 Billion

[ŜƎŀƭƭȅ ōƛƴŘƛƴƎ ǇŀǊǘǎ ŀƴŘ ΨŘŜŎƛǎƛƻƴǎΩ όŀƳōƛǘƛƻƴǎ ŀƴŘ Ǝƻŀƭǎύ
Opened for signature in April 2016 



Paris Agreement Status: 

Å175 countries (out of 197) have ratified
Å9ƴǘŜǊŜŘ ΨŦƻǊŎŜΩ bƻǾŜƳōŜǊ нлмс όǊŀǘƛŦƛŜŘ ōȅ 

countries accounting for 55% of global 
CO2 emissions)

http://unfccc.int/paris_agreement/items/9444.php

http://unfccc.int/paris_agreement/items/9444.php


Country
CO2 emissions (kt) in 

2014[2]

Emission per capita (t) in 
2014[3]

World 35,669,000 5.0

China 10,540,000 7.6

United States 5,334,000 16.5

European Union 3,415,000 6.7

India 2,341,000 1.8

Russia 1,766,000 12.4

Japan 1,278,000 10.1

Germany 767,000 9.3

International Shipping 624,000 τ

Iran 618,000 7.9

South Korea 610,000 12.3

Canada 565,000 15.9

Brazil 501,000 2.5

Saudi Arabia 494,000 16.8

International Aviation 492,000 τ

https://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions

https://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions#cite_note-EDGAR-2
https://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions#cite_note-EDGAR2-3
https://en.wikipedia.org/wiki/China
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/European_Union
https://en.wikipedia.org/wiki/India
https://en.wikipedia.org/wiki/Russia
https://en.wikipedia.org/wiki/Japan
https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/Iran
https://en.wikipedia.org/wiki/South_Korea
https://en.wikipedia.org/wiki/Canada
https://en.wikipedia.org/wiki/Brazil
https://en.wikipedia.org/wiki/Saudi_Arabia
https://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions


Mitigation: reducing emissions

Governments agreed :

Ålong - term goal global average temperature to well below 2 ° C above pre -
industrial levels ;

ÅAim to limit the increase to 1 .5 ° C

Åglobal emissions to peak as soon as possible , recognizing that this
will take longer for developing countries ;

Årapid reductions thereafter

Å National climate action plans These are not yet enough to keep global
warming below 2° C, but the agreement traces the way to achieving this
target .



Now

IPCCTemperature Goals

2.0 C

1.5 C



http://www.ipcc.ch/report/graphics/index.php?t=Assessment%20Report
s&r=AR5%20-%20WG1

4 ft.

1.6 ft.
Now

Projected Sea 
Level Rise

Figure SPM.9 | Projections of global mean sea level rise over the 21st century relative to 1986ς2005 from the 
combination of the CMIP5 ensemble with process-based models, for RCP2.6 and RCP8.5. The assessed likely range is 
shown as a shaded band. The assessed likely ranges for the mean over the period 2081ς2100 for all RCP scenarios 
are given as colouredvertical bars, with the corresponding median value given as a horizontal line. For further 
technical details see the Technical Summary Supplementary Material {Table 13.5, Figures 13.10 and 13.11; Figures 
TS.21 and TS.22}

http://www.ipcc.ch/report/graphics/index.php?t=Assessment Reports&r=AR5 - WG1


COP21
December 2015

¢ƘŜ tŀǊƛǎ ά.ǳōōƭŜέ

Ψ¢ŀǊƎŜǘǎΩ 
ƻǊ ΨDƻŀƭǎΩ

or Aspirations 
(or hopes)?



Paris.άShameless preplanned back-slapping accompanied a Paris 
climate accord that guaranteed nothing except continued high fossil fuel 
emissions. Low oil and gas prices afforded a golden opportunity to 
introduce a rising carbon fee, the only practical way to achieve honest 
pricing of fossil fuels. However, such a simple honest approach without 
any giveaways to special interests was dismissed as being too complex to 
be considered. Instead continued low fossil fuel prices will spur 
construction of more fossil fuel infrastructure with lock-in of high future 
ŜƳƛǎǎƛƻƴǎΦέ

James Hansen 29 December 2015

Scientist/Activist comment on 
Paris Agreement:





Bioenergy to the rescue?



The trouble with negative emissions
By Kevin Anderson and Glen Peters 14 OCTOBER 2016  VOL 354 ISSUE 6309 page 182sciencemag.org SCIENCE



Goal:  keep global warming to 2 Cby 2100
ά!Ƴōƛǘƛƻƴέ ǘƻ ƪŜŜǇ ōŜƭƻǿ 1.5 C

How to get to the goal?

The implicit scenario by the Agreement:  deep and rapid 
decarbonization(coal, oil, gas reductions) and, by 2050, BECCS
(biomass energy carbon capture and storage) with negative CO2 
emissionsthereafter.

Science and technology done by
politicians, bureaucrats, and diplomats (!)

wŜŀƭƛǎǘƛŎ ōǳǘ ŎƘŀƭƭŜƴƎƛƴƎ ǎŎŜƴŀǊƛƻΥ  άearly reductions in energy demand 
with rapid substitution of fossil fuels by zero-carbon alternatives 
frames a 2 °/ ŀƎŜƴŘŀ ǘƘŀǘ ŘƻŜǎ ƴƻǘ ǊŜƭȅ ƻƴ ƴŜƎŀǘƛǾŜ ŜƳƛǎǎƛƻƴǎΦέ 
(Kevin Anderson)

?

!



ÅCanada, Mexico and a coalition of 15 US State 
Governors signed a Joint Declaration to jointly 
strengthen climate action. California, Washington, 
New York, Oregon and Virginia are among the US state 
signatories. A new North American Climate 
Leadership Dialogueto address topics such as clean 
transportation, carbon pricing initiatives and reducing 
short-lived climate pollutants.

ÅThe EU, China and California announced on 14 
November they will step up cooperation on carbon 
markets.

ÅA further 25 national and subnational jurisdictions 
have signed on to the ¦Y ŀƴŘ /ŀƴŀŘŀΩǎ alliance to 
phase-out coal in their energy systems.



Now







Key climate scienceuncertainties
in future estimates:

Å Role of low and high altitude clouds in warming and cooling
Å Effects of aerosols on warming or cooling the atmosphere
Å Heat dynamics of the oceans and their currents
Å Ice shelf feeding sea level rise and weather patterns: 

Antarctica and Greenland
Å άClimate SensitivityέΥ  ǿŀǊƳƛƴƎ ƛƴŘǳŎŜŘ by

a doubling of the CO2 levels



Climate science 
uncertainties

Global CO2 emissions by 2050 +?
Technological innovation in energy and mitigation?

Energy and climate policies of nation states?



http://www.eia.gov/todayinenergy/detail.php?id=26252

Developing World



+ Carbon Dioxide emissions





Since the start of this course 4 weeks ago, we have added 
1 gigatonof carbon into our atmosphere.

2,000,000,000,000  pounds.



Approx. 10,000 coal-related 
deaths PER DAY worldwide 


