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Ice Sheets critical for Humanity’s 
Future on Earth

Hansen & Sato 2010



Hansen & Sato 2010



Hansen & Sato 2010



Building Resilience  
in the Arctic 







2 degree scenario (RCP 2.6) 4 degree scenario (RCP 8.5) 



Transformation to Global 
Sustainability for World 

Development







The Earth Statement
8 Essential Elements for a success in Paris



“Human-induced climate 
change is a scientific reality, 
and its effective control is a 
moral imperative for humanity.” 



Start of a new revolution 



Welcome to the 
Anthropocene





From a small world on a large planet 
… 



To a large world on a small planet … 



Rising social-ecological 
turbulence



Syria drought and the civil war 

















El Nino hitting S-E Asia, causing worst 
ever Forest Fires, according to NASA. 
Environmental Disaster as smoke blankets six 
countries 

Equivalent to > 600 
Million tons  
CO2eq
Or > Germany 
Annual Emissions



Earth Resilience













Greenland 
ice!

Arctic sea 
ice!

Arctic 
Benthos 

Borealisation!

Coniferous to 
deciduous 

boreal forest!

Fisheries 
collapse!

Kelp 
Transitions!

Marine food 
webs!

Peatland!

Arctic marine 
primary 

productivity !

River 
channels!

Salt marshes! Thermohaline 
circulation!

Thermokarst 
lake !

Tundra to 
boreal!

Salmon 
collapse!

Inuit societal 
transition!

16 potential Arctic regime shifts!

Stockholm Resilience Centre Regime Shifts Database!Stockholm Resilience Centre!



Ocean acidification 
Challenge to marine biodiversity and ability of oceans to 
function as sink of CO2 

Southern Ocean and 
Arctic ocean projected 
to become corrosive to 
aragonite by 
2030-2060 

Turley et al 2006



Ocean Acidification 1850 

Aragonite saturation 



Ocean Acidification in 2100 (4°C scenario) 

Aragonite saturation 



Are we leaving Edens 
Garden? 



Humanity’s 10,000 years of grace 



-









Global Temperature Since last Ice Age 

Adapted by Stefan Rahmstorf



Tipping Points Related to 2°C-Guardrail 

Schellnhuber et al., under review.  



2100 – 4°C average temperature rise scenario 
(IPCC projections RCP8.5 – no mitigation) 

Gulf 
Stream 
shutdow
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Sea 
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Greenland  
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al  

forest 



Sea-level rise due to polar ice-sheet mass loss during past warm periods (Science 2015) 



Anthropocene 
+ 

Tipping Points 
+ 

Eden 
=  

Planetary Boundaries 



Human Prosperity 
within Safe Operating 
Space of Planetary 

Boundaries 





Planetary Boundaries 
A safe operating space for humanity 

Steffen et al Science 16 January 2015 



Becoming Planetary 
Stewards 



Global CO2 Emissions & Distribution (GtC) 
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Functions and status of earth’s biomes that 
regulate planetary resilience Photos: World Wildlife Fund, breakingenergy.com, 

saguidedtours.com,  
Sierra Club Pennsylvania, Projectaware.com, Duncan Greene/Wired 

UK.  

The polar regions regulate 
global temperature, 
regional climate systems 
and ocean circulation. 
Melting faster than 
anticipated.  

The World’s rainforests 
act as carbon sinks, 
provide moisture 
feedback, are banks for 
genetic diversity and 
generate oxygen. In rapid 
decline but the rate has 
declined somewhat. 

The ocean’s marine 
systems act as a heat 
conveyer, carbon sink, a 
bank for genetic diversity 
and generates oxygen. In 
rapid decline 

The world’s temperate 
organic systems (such as 
permafrost) act as carbon & 
methane sinks and generate 
oxygen. Faster than 
anticipated thawing of 
permafrost & methane 
release 

Temperate forests act as 
carbon sinks, regulate rainfall 
patterns & generate oxygen. 
Relatively stable but concern 
over rate of deforestation in 
Russia and severe warming 
impacts on disease.  

Tropical savannah systems 
play a role in moisture 
feedback , regional rainfall 
patterns and act as carbon 
sinks. They remain relatively 
stable. 



RESILIENCE 
Resilience is the capacity of a system to 
continually change and adapt yet 
remain within critical thresholds. 



Tipping points –  
critical transitions 



Maintain diversity & redundancy 

7 PRINCIPLES OF RESILIENCE THINKING 

Manage connectivity 

Manage slow variables and feedbacks 

Foster complex adaptive systems thinking 

Encourage learning 

Broaden participation 

Promote polycentric governance systems 



Arctic change cascades 
across the Planet 

affecting other regions, 
nations and economies 



3. Arctic change will will be transmitted to other 
parts of the world through social and 

ecological connections!

•  Migratory species, resource 
extraction, migration, climate 
connect Arctic to world!

•  Arctic regime shifts can increase the 
likelihood of regime shifts outside 
the Arctic.!

•  Particularly through feedbacks on 
the climate system!

•  There are potential cascading 
effects of regime shifts in the Arctic!

Source: UK Met Office!



ALL ARCTIC FOSSIL FUEL 
RESOURCES SHOULD BE 

CLASSIFIED AS UNBURNABLE 



“Globally, a THIRD OF OIL 
RESERVES and over 80% of 

current coal reserves should remain 
unused to meet the target of  

2°C”  
“Development of resources in 

the Arctic…[is]…
incommensurate with efforts to 
limit average global warming 

to 2 °C” 





A new direction: People and Planet 
Setting the agenda on Sustainable Development Goals  



A safe and just future for 
humanity on Earth 



Preserving the Remaining Beauty on 
Earth 



Growth Without Limits 

Limits to Growth 

Growth within Limits 

Thriving within Planetary Boundaries 


