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A biosphere shaped by humans
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Trajectories of the Earth System in the Anthropocene
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Climate Crisis

Health Crisis Ecosystem Crisis
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Are We Leaving the

arden of Eden?
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Looming Risks: Tipping Elements in the Earth System
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Climate tipping points —
toorisky to bet against

Timothy M. Lenton, Johan Rockstrom, Owen Gaffney, Stefan Rahmstorf, Katherine
Richardson, Will Steffen & Hans Joachim Schellnhuber

Greenland ice sheet

Ice loss accelerating Arctlc sea ice
Reduction in area

Permafrost
Thawing

Boreal forest

Fires and pests

changing O Atlantic circulation
In slowdown since 1950s
Amazon rainforest
Frequent droughts

Coralreefs
Large-scale die-offs
Tipping points

== (Connectivity

RAISING THEALARM Wilkes Basin,

Evidence that tipping points East Antarctica
are under way has mounted in Ice loss accelerating

the past decade. Domino
effects have also been West Antarctic ice sheet
proposed. I Ice loss accelerating

TOO CLOSE FOR COMFORT

Abrupt and irreversible changes in the climate
system have become a higher risk at lower
global average temperatures.

6 Level of risk
M Very high
H High
5 M Moderate
Low

Undetectable

s

Global average
temperature:

~1°C above
pre-industrial
levels

Global mean surface temperature (°C)
[#%]

1 1 1 1
2001 2007 2013 2018
Year of IPCC report

Nature, 28 November, 2019




Change over time of the science-based risk assessments of IPCC's Reasons for Concern
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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

Rockstrom et al., Nature 2009
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Definition of Planetary Boundaries 1.0
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Response variable

The Concept of Planetary Boundaries

Process X

Globally mixed, with continental/global threshold

Planetary
boundary
Global

feedbacks
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Response variable
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The Water Planetary Boundary and Related Earth System
Components and Functions
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Freshwater use is one of the current planetary boundaries, yet affecting
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See details in:

Rockstrom et al., (2009), E&S
Gerten et al., (2013),

Steffen et al., (2015), Science

Current freshwater use planetary
boundary only considers streamflow
impacts on aquatic biodiversity.

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.

Gleeson et al., (2020), One Earth



Planetary Boundaries:
A New Scientific Agenda
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Anthropocene new Geological Epoch
But
NOT (yet) a new State



Are We Heading Towards a Pliocene or Even Miocene Future...?
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We have never exceeded 2 C in the last Three Million Years
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Introducing a new definition of Sustainable Development

Prosperity and Equity within
Planetary Boundaries
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THE FOOD SYSTEM TRANSGRESSES PLANETARY BOUNDARIES

Biosphere integrity Greenhouse gas
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Feeding 10 bn people within planetary boundaries is possible

Biosphere integrity

Land-system change

Freshwater use [

Nitrogen flows

Gerten et al.,
Nature Sust. 2020
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w

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

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

EMBARGOED UNTIL 2:00 PM US ET THURSDAY, 23 MARCH 2017
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A roadmap for rapid
decarbonization
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A Roadmap for Rapid Decarbonization
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Rockstrom, Gaffney, Rogelj, Meinshausen, Nakicenovic, Schellnhuber. Science 24 March 2017
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Six Transformations to achieve the Sustainable
Development Goals

Jeffrey D. Sachs’, Guido Schmidt-Traub ©2*, Mariana Mazzucato?, Dirk Messner?,
Nebojsa Nakicenovic® and Johan Rockstrom®
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Planetary Boundaries and Social Justice

climate change

Possibilities within the safe and just space:
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A Safe Operating Space for Humanity

Climate
change
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