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A biosphere shaped by humans

Anthropocene

Scale, Speed, Inter-connections

http://upload.wikimedia.org/wikipedia/commons/9/9f/KatrinaNewOrleansFlooded.jpg


Stability landscape showing the pathway of the Earth System out of the Holocene

Proceedings of the National Academy of Sciences of the United States of America, 2018



Climate Crisis

Ecosystem CrisisHealth Crisis





Welcome to the

Anthropocene



The Great Acceleration

Steffen, Broadgate, Deutsch, Gaffney, Ludwig Anthr. Review 2015. Image: Globaia



Are We Leaving the

Garden of Eden?
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Tipping Points

are Real



Looming Risks: Tipping Elements in the Earth System

PIK 2017



Nature, 28 November, 2019





Two Questions Guide the Planetary Boundaries Framework:

1. Which are the biophysical systems and 
processes that regulate the state of the
Earth System?

2. What are the quantitative boundaries for
each of these systems/processes that define
a safe operating space of a stable Earth System?



Planetary Boundaries 2009

Rockström et al., Nature 2009



Steffen, Rockström, Cornell et al 2015 Science
Image: Globaia



The Big Three The Slow Variables Earth Aliens

Definition of Planetary Boundaries 1.0



Steffen et al, Science 2015

The Concept of Planetary Boundaries



The Water Planetary Boundary and Related Earth System 
Components and Functions

Freshwater use is one of the current planetary boundaries, yet affecting 
only a small component of the hydrosphere, which includes numerous 
stores of water. Since we focus on the near-surface hydrosphere, we 
consider land (part of the lithosphere) and ocean (part of the hydrosphere) 
as important related Earth System components.



Planetary Boundaries:
A New Scientific Agenda

Ein transdisziplinäres Beispiel am PIK:



Anthropocene new Geological Epoch
But

NOT (yet) a new State



Are We Heading Towards a Pliocene or Even Miocene Future...?



Willeit et al., Science Advances 2019

Results of model simulations: Observations shown in black, model results in colour. 

We have never exceeded 2 C in the last Three Million Years



Introducing a new definition of Sustainable Development

Prosperity and Equity within 

Planetary Boundaries



A good life 
for all 
within 

planetary 
boundaries

O’Neill, D., et al. (2018). A good life for all 
within planetary boundaries. 
Nature Sustainability, 1, pp. 88-95. 
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Conceptual Framework EAT-Lancet Commission



THE FOOD SYSTEM TRANSGRESSES PLANETARY BOUNDARIES 

Rockström et al., Nature Food, 2020



Gerten et al., 
Nature Sust. 2020

% increase in kcal supply (above today)
through sustainable transformations

Feeding 10 bn people within planetary boundaries is possible

• Half of current food production depends on 
planetary boundary transgressions

• An u-turn towards sustainable food production 
and consumption would enable enough food for 
~10 bn people – within the boundaries

• However this requires radical co-transformations 
across sectors



THE CARBON LAW



A Roadmap for Rapid Decarbonization

Rockström, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017 









Planetary Boundaries and Social Justice

Raworth 2012, nach Rockström et al., Nature 2009 Leach, Raworth and Rockström, WSSR 2012



Earth Targets for our global commons



Year2030 20502040

The World In 2050

Radical transformative 
pathways to meet the 
SDGs within planetary 
boundaries

Planetary 
Boundaries

Degree of 
Global 

Sustainable 
Develpment



A Safe Operating Space for Humanity 



Thank You!


