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”When reality is 
changing faster 
than theory
suggests it should, 
a certain amount of 
nervousness is a 
reasonable
response”
The Economist



(Meinsheuzen et al., in prep)





Atmospheric CO2 concentration

Etheridge et al. Geophys Res 101: 4115-4128

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004



Northern hemisphere average surface 
temperature

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

Mann et al Geophys Res Lett 26(6): 759-762



Atmospheric N2O concentration

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

Machida et al Geophys Res Lett 22:2921-2925



Atmospheric CH4 concentration

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

Blunier et al J Geophy Res 20: 2219-2222



Ozone depletion

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

JD Shanklin British Antarctic Survey



Natural climactic disasters 

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004



Ocean ecosystems

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

FAOSTAT 2002 Statistical database



Coastal zone nitrogen flux

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

Mackenzie et al 2002.



Tropical rainforest and 
woodland loss 

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

Richards, the Earth as transformed by human action, Cambridge University Press



Domesticated land

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

Klein Goldewijk and Batties



Species extinctions

IGBP synthesis: Global Change and the Earth System, Steffen et al 2004

Wilson, the Diversity of Life.



The Planetary
Response to the 
drivers of the 
Anthropocene

”the great 
acceleration of the 
human entreprise”,
Professor Will Steffen

1900 1950             2000

CO2, N2O, CH4
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Critical transitions or regime shifts



1

2

• overfishing, coastal
eutrophication

• phosphorous accum-
ulation in soil and mud

• fire prevention

3

state shift

• disease,
hurricane

• flooding, warming,
overexploitation
of predators

• good rains, continu-
ous heavy grazing

coral dominance

clear water

grassland

4

algal dominance

turbid water

shrub-bushland

Valuable Ecosystem Services           Loss of ecosys tem services
(Desirable) (Undesirable)



Regime shifts 
in all systems

• Sub-system specific 
indices of ecosystem 
development (PC1 from 
PCA)

• Regimes identified 
using STARS on PC1s 
(red lines)

• Almost synchronous 
regime shifts in all sub-
systems
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Torsten Bleckner et al., 2009

A. Sorteberg, University of 
Bergen, Norway", data from Snow 
& Ice Data Center, Boulder CO, 
USA



Photo: CC Jason Auch / Azote



Photo: S Zeff / Azote





(www.kidsgeo.com)



The Resilience of the Earth System



(EPICA Dome C, Antarctica, 
Adapted from Lüthi et al. 2008)



Humanity’s 10,000 years of grace



(Hansen and Sato, 2011)



From: 
”Limits to growth”
”Carrying capacity”
”Guardrails”
”Tipping Elements”

To: 
”Planetary Boundaries”



Climate Change
< 350 ppm CO2 < 1W m2

(350 – 500 ppm CO2 ; 
1-1.5 W m2)

Ocean acidification
Aragonite saturation 

ratio > 80 % above pre-
industrial levels

(> 80% - > 70 %)

Ozone depletion
< 5 % of Pre-Industrial 290 DU

(5 - 10%)

Global Freshwater Use
<4000 km3/yr

(4000 – 6000 km3/yr) 

Rate of 
Biodiversity Loss

< 10 E/MSY
(< 10 - < 1000 

E/MSY)

Biogeochemical
loading: Global 

N & P Cycles
Limit industrial 

fixation of N2 to 35 
Tg N yr-1(25 % of 
natural fixation)

(25%-35%)
P < 10× natural

weathering inflow to 
Oceans

(10× – 100×)

Atmospheric
Aerosol Loading
To be determined

Land System 
Change

� 15 % of land 
under crops

(15-20%)

Chemical Pollution 
Plastics, Endocrine Desruptors, 
Nuclear Waste Emitted globally

To be determined

Planetary
Boundaries



…

Rockström et al. 2009 Nature, 461 (24): 472-475

Global fresh-
water use

Transgressing safe
boundaries




