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Earth as a System

Adapted from Steffen et al. 2004; ice core data from Petit et al. 1999



Human Development and 
Earth System Dynamics

Evolution of fully modern  
humans in Africa

Hunter-gatherer societies only

Beginning 
of 

agriculture

Adapted from Steffen et al. 2004; ice core data from Petit et al. 1999



Human Development and 
Earth System Dynamics

Source: Data from Petit et al. 1999, labeled as in Young and Steffen 2009.

Source: J. Rockström and N. Nakicenovic 
Data from Petit et al. 1999 and Oppenheimer 2004



The Human 
Enterprise 

• Population 
• Economic Growth 
• Freshwater use 
• Energy use 
• Urbanization 
• Globalization 
• Transport 
• Communication 

Steffen et al. 2015



• Greenhouse gases 
• Ozone depletion 
• Climate 
• Marine ecosystems 
• Coastal zone 
• Nitrogen cycle 
• Tropical forests 
• Land systems 
• Biosphere integrity 

Global Impact

Steffen et al. 2015



IGBP Newsletter 41: May 2000

P.J. Crutzen, “The Geology of Mankind”, Nature 2002 

Explicitly proposed the Anthropocene as a new 
geological epoch. 

Suggested that the start date be set at the beginning 
of the Industrial Revolution, late 1700s, or beginning 
of the Great Acceleration, ca. 1950



It is not correct to consider “mankind” or “humankind” in general 

The fossil fuel-driven, consumption oriented, globalised economy 
was not created by humankind in general. 

“Intra-species inequalities are part ….of the current ecological  
crisis and cannot be ignored in attempts to understand it.



Equity Issues 

• Population 
• Economic growth 
• Fertilizer use 
• Urbanization 
• Globalization 
• Transport  
• Communication 

Steffen et al. 2015



Equity and the Great Acceleration

    18% of the global population (the OECD countries) are 
    responsible for 74% of the world’s consumption – and 
    therefore impact on the Earth System. 

       Steffen et al. 2015 



Source: Moran et al., Ecological Economics, 64, 470-474, 2008

The dilemma of the Anthropocene

Human well-being
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Capitalism drives 
inequality in wealth

Capitalism drives 
climate disruption

Extreme wealth 
corrupts political  
systems 



“The astonishing force of consumer culture 
has swamped traditional customs, values, 
and aspirations, replacing them with a 
devotion to money, materialism and branded 
identities that has left tradition a smoking 
rubble.”



…Our world today is dominated by a global 
economic system with disastrous social and 

environmental impacts – “predatory 
capitalism”.... We are the only species on 

Earth who destroys its own habitat, threatening 
countless other species with extinction in the  

process. 



System Incompatibilties?







Photo: O.Henriksson/Azote



The 21st Century:
A bright future of continued growth? Or…

 …sailing towards a global collapse?



Image: NASA

The Earth: Patterns of a Complex System



Sources: Petit et al. 1999; Scheffer 2009

The Earth as a Complex System

Glacial state Interglacial (warm) state 



Sources: Petit et al. 1999; Scheffer 2009

The Earth as a Complex System

Limit Cycles

CO2 

Temperature 

CH4



Temperature rise:  
Beyond the envelope of natural variability?

Summerhayes 2015



Implications of accelerating climate changeIPCC temperature projections

IPCC 2013
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IPCC Projections 
2100 AD

Earth System moves to a new, much 
hotter state? Severe challenge to 
contemporary civilisation.  
Possible collapse?

Summerhayes 2015

Committed



Return towards a 
Holocene-like state?

Tipping Point?

Transition to a new, much 
hotter state of the 

Earth System?

Implications of the Anthropocene



Tipping Elements in the Earth System

Huber, Lenton, and Schellnhuber, in Richardson et al. 2011

10 years of C storage
lost in 2005 and 2010
droughts

50 to 250 Gt C lost by 2100
from thawing permafrost



Rates of Change

Rate of increase in ocean acidification is unparalleled for 
at least the last 300 million years. 

Rate of atmospheric CO2 increase over the past two 
decades is about 100 times the maximum rate during 
the last deglaciation. 

Since 1970 the global average temperature has risen at 
a rate about 170 times the background rate over the  
past 7,000 years of the Holocene, and in the opposite 
direction.

De Vos et al. 2014; Wolff 2011; Marcott et al. 2013; NOAA 2016; Canfield et al. 2010



M. Scheffer 2016, unpublished 

Governed Earth



Climate Change is just the “tip of 
the iceberg”Towards Global Solutions



Frameworks and 
Roadmaps

Guidance 
Systems



Planetary Boundaries

Rockström et al. 2009 



Adapted from Steffen et al. 2015



The ‘Doughnut’: a safe and just space 
for humanity

Kate Raworth, Oxford Univ.





This is the biggest 
opportunity for 
humanity – It is 
also the biggest 
puzzle…  
How do we 
achieve it?

The UN Sustainable Development Goals



The World in 2050



Rockström et al. 2017



Rockström et al. 2017

Roadmap for Rapid Decarbonization



Rates of Change

Rockström et al. 2017



Rockström et al. 2017



Towards New Guidance Systems

Steffen et al. 2017, in preparation

• Slow or reverse human population growth 

• Change consumption behaviour; build a circular  
    economy 

• Build Earth System governance systems to manage the 
    system in an equitable way 

• Establish stewardship of the Earth System as a core 
    societal value 

• Shift management and governance from incremental 
    change and predictability to complexity and uncertainty



Towards New Guidance Systems

Steffen et al. 2017, in preparation

• Slow or reverse human population growth 

• Change consumption behaviour; build a circular  
    economy 

• Build Earth System governance systems to manage the 
    system in an equitable way 

• Establish stewardship of the Earth System as a core 
    societal value 

• Shift management and governance from incremental 
    change and predictability to complexity and uncertainty



constant rate 3.2 mm/year

Evolution and the Anthropocene

Source: Katherine Richardson, Copenhagen University

Darwin’s insights about the origin of 
humans - that we are apes, a part  
of nature (not above it)  - challenged  
deeply held beliefs about the human- 
environment relationship.

Will the Anthropocene evoke a similar level of deep emotion  
in the public? Can humanity really affect the functioning of its own 
life support system at the planetary scale? What are the 
implications of this for our definition of “progress”, our way of life  
and our future?



There are no precursors to the concept of the Anthropcene (e.g., 
“th age of man”; “the face of the Earth”. The Anthropcene cannot 

be equated to impact on the (global) environment. 

“The Anthropocene represents a radical rupture with all 
evolutionary ideas in human and Earth history.” 

Dispels the notion of a progressive and linear evolutionary 
advance of human societies to a higher stage 



Triple Bottom Line Hierarchy of Goals



Prof Dipash Chakrabarty 
University of Chicago

Homo-centric v. Zoe-centric 
(human-centric v. life-centric)

   Contemporary society is based on a homo-centric 
   approach, but the Anthropocene demands a 
   zoe-centric approach. 

   “epochal consciousness” v. “departmental thinking”

Tanner Lectures in Human Values, Yale University, 2015



Prof Carl Folke 
Stockholm Resilience Centre 

and 
Beijer Institute of Ecological Economics

On humanity’s challenge in the 21st century: 

“Reconnect to the biosphere”



We're only here for a short amount of time to do what we've  
been put here to do, which is to look after the country.   
We're only a tool in the cycle of things.  …(we) go out into  
the world and help keep the balance of nature. It's a big  
cycle of living with the land, and then eventually going back  
to it.... 
   Vilma Webb, Noongar People, Australian  
   Aborigines, from: 'Elders: Wisdom from  
   Australia's Indigenous Leaders’




