The Earth System, the Anthropocene
and Planetary Boundaries
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Our planet

is a single system — the Earth System




Human Development

and

the Earth System

Beginning
of
agriculture

Evolution of fully
modern
humans in Africa

Hunter-gatherer
societies only

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




Human Development and
Earth System Dynamics
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Source: J. Rockstrom and N. Nakicenovic
Data from Petit et al. 1999 and Oppenheimer 2004



The Holocene and Human Development

* The Holocene is a warm, relatively stable state of the Earth
System that has lasted about 11,700 years, following the most
recent ice age (the Pleistocene)

 The Holocene is the only state of the Earth System that we know,
for certain, can support contemporary human civilisation

 Without human interference, the Holocene is expected to last
for another 20,000 or 30,000 years



The Human
Enterprise

Population
Economic Growth
Freshwater use
Energy use
Urbanization
Globalization
Transport
Communication

Socio-economic trends
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Global Impact

Greenhouse gases
Ozone depletion
Climate

Marine ecosystems
Coastal zone
Nitrogen cycle
Tropical forests
Land systems
Biosphere integrity

Earth system trends
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IGBP Newsletter 41: May 2000

The “Anthropocene”
by Paul J. Crutzen and Eugene F. Stoermer
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Thename Holocene (“Recent Whole”)for  panied e.g. by a growth in cattle popu-  groves. Finally, mechanized human

the post-glacial geological epoch of the  lation to 1400 million (6) (about one cow dati n (“fisheries”) removes more 1
past ten to twelve thousand years seems  per average size family). Urbanisation of the primary production of
to have been proposed fc or the first time  has even increased tenfold in the e past oceans in the upwelling regions and 3
by Sir Charles Lyell in 1833, and adopted cx.ntur\ In a few generations mankind  in the temperate continental shelf
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PJ Crutzen, “The Geology of Manklnd” Nature 4000

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



Climate Change

Global Average Temperature Anomaly, 1880-2017
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An Earth System Perspective

Temperature rise:
Beyond the envelope of natural variability!
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Summerhayes 2015



Rates of Change

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.

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

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

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



xtreme Weather
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The

Anthropocene
chicken

J. Zalasewicz 2015
Richard Thomas i Q‘
[ \!0
- A
’




Terrestrial vertebrate biomass

Vertebrate
wildlife
< 3%
Humans
ca 32%

Domesticated animals
ca 65%

Smil 2002



Mass extinction plausible within
two to three human lifetimes

IUCN Status (O Threatened

Mammals
Birds
Rentiles

Current extinction rates are 10s to 100s
higher than the background level.
Ceballos et al. 2015

" Conifers
Sharks
Crabs/Lobsters

Big 5 Mass
Extinctions

0% 25% 50% 75%  100%

Source: A Barnosky




The climate system, the biosphere...

What about humans and our systems?
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Evolution of Income Equality

MW Share of Total Income going to the Top 1%, 1900-2010 — by Max Roser

The evolution of inequality in English The evolution of inequality in continental Europe
speaking countries followed a U-shape and Japan followed a L-shape

English-speaking . || Europe and Japan
countries
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Health and Social Problems are Worse in More Unequal Countries

Worse -

Index of:
Life expectancy

Math & Literacy
Infant mortality
Homicides
Imprisonment
Teenage births
Trust

Obesity

Mental illness — incl.

drug & alcohol
addiction

Social mobility

Denmark

Belgium
¢ Finland

Index of health and social problems

Better

Low High
Income Inequality

Source: Wilkinson & Pickett, The Spirit Level (2009) vevaw.equalitytrust.org.uk » Equality Trust

Pickett and Wilkinson 2015
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Capitalism drives
inequality in wealth

Capitalism drives
climate disruption

Extreme wealth
corrupts political
systems



1A V)
“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.”




Fritjof Capra and Pier Luigi Luisi

The Systems View |
of Life SNy .
...0Our 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.
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System Incompatibilities?
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An Earth System Perspective

Temperature rise:
Beyond the envelope of natural variability!
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Summerhayes 2015



IPCC temperature projections
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Earth System moves to a new
state? Severe challenge to

contemporary civilisation. — > .
Possible collapse? IPCC Projections
2100 AD
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Tipping Elements in the Earth System
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Tipping Cascades

Tipping elements atrisk:
1°C-3°C
3°C-5°C

© >5°C Greenland
Ice Sheet Arctic winter
sea-ice _

Arctic summer

Boreal Jet Stream sedrice

glaciers

» Themmohaline
El Nifno Southern circulation

Oscillation Indian summer
monsoon

Amazon
rainforest

West Antarctic Ny~ EastAntarctic
Ice Sheet Ice Sheet

Source: J. Donges and R. Winkelmann
in Steffen et al. 2018



Earth System Trajectories

Glacial—jnter lacial
limit cycle
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Is ‘Hothouse Earth’ inhabitable?

Most of the tropics and subtropics will be too
hot for human habitation.

Changing temperature & rainfall patterns will likely
make current large agricultural zones unproductive.

Sea-level rise of 20-40 m ultimately likely, drowning
coastal cities, agricultural areas and infrastructure.

Maximum carrying capacity of ~1 billion humans
(today’s population is 7.5 billion)



Planetary Boundaries:

Exploring the safe operating space for
humanity in the Anthropocene
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Planetary
Boundaries:

a potentially valuable
framework for guiding
policy directed at
achieving sustainable
development

OECD Environmental Outlook
2012

Global Energy Assessment
2012

UNEP 2012

UN High-level Panel on Global
Sustainability (GSP) 2012

UN Sustainable Development
Solutions Network

World Economic Forum 2013
World Economic Forum 2015



Common Home
of Humanity

A blueprint for global
governance

What if we thought
of the Earth as an immense
condominium?




The CHH Architecture

Legal Accounting
Framework Framework

Legally Earth
Recognised System
Safe Operating Accounting

Space Framework

. d | ) (ESAF)
Scientific (S0S) (ESAF)

Framework . . . Governance
. — [ Framework

Planetary
Boundarles

ind: Condominium
(PBs) E UN Framework

SOS (COND)
Governance
Body

Sclentific
Commission
(SC)

Quantifying
Body










