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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
Great

Acceleration

The Human 
Enterprise

ÅPopulation
ÅEconomic Growth
ÅFreshwater use
ÅEnergy use
ÅUrbanization
ÅGlobalization
ÅTransport
ÅCommunication

Steffen et al. 2015



ÅGreenhouse gases
ÅOzone depletion
Å Climate
ÅMarine ecosystems
Å Coastal zone
Å Nitrogen cycle
Å Tropical forests
Å Land systems
Å Biosphere integrity

Global Impact

Steffen et al. 2015

The

Great 

Acceleration



I = P x A x T

Visualising the Great Acceleration

I   - impact

P  - population

A  - affluence

T  - technology

Holdren and Ehrlich 1974; National Geographic 2011



IGBP Newsletter 41: May 2000



Climate Change 

NASA 2018

Global Average Temperature Anomaly, 1880-2017

Baseline is 1951-1980



Source: Le Quere et al. 2018
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This is What Climate Change Looks Like

Hughes et al. 2019; Climate Council of Australia
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Climate Change as a Threat Multiplier

IPCC AR5 WG1 Report 2013

The patterns of where and when we can

produce food will be massively disrupted

in a +2oC world. Millions of humans will be

affected. Starvation, migration, conflict are

the likely outcomes.

The Syrian Crisis

Å Iraqi refugees

ÅWeak government

ÅWorst drought in recorded history -

A million flood into cities 

The Security Risk:



Human Transformation of

the Biosphere



Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services, 2019

Natureôs Dangerous Decline

Nature is declining globally at rates unprecedented

In human history

Around 1 million animal and plant species are now 

threatenedwith extinction, many within decades.

The web of life on Earth is getting smaller 

and increasingly frayed.



Terrestrial vertebrate biomass 

Domesticated animals
ca 65%

Humans
ca 32%

Vertebrate
wildlife
< 3%

Smil 2002



Stratigraphic Definition of the Anthropocene

Have humans changed the Earth System such that

geological deposits forming now and in the recent 

past include a fingerprint distinct from that of the

Holocene Epoch?

If so, when has the change become recognizable 

worldwide?

Source: C.N. Waters et al., Science, 2016, (synthesis paper by the 

Anthropocene Working Group) 



Formalization of the Anthropocene:

Current Status

Should the Anthropocene be formalised in the Geological Time

Scale?

Should the base of the Anthropocene (start date) be placed 

around the mid-20th century?.

AWG Newsletteer, May 2019

Jan Zalasiewicz, Convenor

Anthropocene Working Group (AWG)

University of Leicester, UK

óYESô won the formal vote by 29 to 4

Waters et al. 2016



The climate system, the biosphereé

What about humans and our systems?



It is not correct to consider ñmankindò or ñhumankindò in general

The fossil fuel-driven, consumption oriented, globalised economy

was not created by humankind in general.

ñIntra-species inequalities are part é.of the current ecological 

crisis and cannot be ignored in attempts to understand it.



Equity Issues

ÅPopulation

ÅEconomic growth

ÅFertilizer use

ÅUrbanization

ÅGlobalization

ÅTransport 

ÅCommunication

Steffen et al. 2015





Evolution of Income Equality

Source: S. van der Leeuw

Europe and JapanEnglish-speaking

countries



Pickett and Wilkinson 2015



System Incompatibilities?

Photo: W. 

Steffen

Photo: W. Steffen

Springer-Verlag







Photo: O.Henriksson/Azote



éthe Earth System 

Our planet is a single systemé 



Climate Change 

NASA 2018

Global Average Temperature Anomaly, 1880-2017

Baseline is 1951-1980



Temperature rise: 
Beyond the envelope of natural variability!

Summerhayes 2015

Human influence

An Earth System Perspective



Implications of accelerating climate change
IPCC temperature projections

IPCC 2013
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Earth System moves to a new 
state? Severe challenge to
contemporary civilisation . 
Possible collapse?

Summerhayes 2015

Committed

Tipping Points?



Tipping Elements in the Earth System

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

Over 10 years of C storage

lost in 2005, 2010 and

2015/2016 droughts

50 to 250 Gt C lost by 2100

from thawing permafrost



Tipping Cascades

Source: J. Donges and R. Winkelmann

in Steffen et al. 2018



Earth System Trajectories

Steffen et al. 2018


