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A Biosphere Shaped by Humanity 



Tipping the Scales towards a stable future 

basis for humanity 

A1F1  mean average 

temperature increase of 4.2 – 5.0 

C by 2100 (range 3.5 – 6.2  C 





”The Quadruple  

Squeeze” 

Climate change 
560/450/350 

dilemma 

 
 

Human Pressure 
20/80 dilemma 
 

Ecosystem decline 
60 % loss dilemma 

 

 
Surprise 
99/1 dilemma 

 





2013-04-19 Johan Rockström and Carl Folke, 

Stockholm Resilience Centre 

Humanity has reached a 
planetary saturation 

point 
 

The Human ability to do has 
vastly outstripped our 

ability to understand 
 

A resilient biosphere the 
basis for humen 

development 
 

Fierce urgency of now 
 

A great transformation to 
global sustainability 

necessary, possible, and 
desirable 



Future Earth  

research for global sustainability 
 

photos: www.dawide.com 

http://www.unesco.org/new/en/unesco/


 

”When reality is changing 

faster than theory suggests it 

should, a certain amount of 

nervousness is a reasonable 

response” 

The Economist 





Regime shifts, Human prosperity 

and Global sustainability  



Critical transitions or regime shifts 
Regime shifts are substantial, persistent, reorganizations 

in ecosystem structure and processes 

 Diverse Coral 

dominated 

Algae 

Dominated Reef 
Parkland 

Savanna Bush steppe 



Three features of resilience 

1. PERSISTENCE in the face of 
change, buffer capacity, withstand 
shocks 
 

2. ADAPTABILITY the capacity of 
people in a social-ecological 
system to manage resilience e.g. 
through collective action 
 

3. TRANSFORMABILITY the capacity 
of people in a social-ecological 
system to create a new system 
when ecological, political, social 
or economic conditions make the 
existing system untenable 





 



Indicates Greenland contributed ~2 m to 

sea level rise compared to observed 4-8 

m at Eemian peak (+8 C)  

Is Greenland more resilient than 

previously thought? 
 





www.regimeshifts.org 



Marine regime shifts 

Hughes et al. 2005. TREE 



Interactions between global 

environmental change, eutrophication, 

and loss of biodiversity 





• Successful seabird 
breeding depends on 
access to one third of 
the world's fish 

• Global consistency 
between access to fish 
and seabird breeding 
success. 

• A threshold exist below 
which the numerical 
breeding response 
declines strongly as 
food abundance 
decreases 

Source: Philippe M. Cury, Henrik Österblom, and others. 2011. Science. 

Map of the distribution of seabird and prey species. 

”Save a third for the birds” 



Risk of 

Tipping 

Point in the 

Amazon 

Rainforest 
 

Interactions between 

climate and land use 

change 





 

Peter Snyder et al. 



Rainfall dependent on moisture feedback 
from functioning forest landscapes 

 





Folke et al. 2011. Ambio, Walker et al. 2009. Science 

Invonvenient Feedbacks in a hyper-connected World 



Regime shifts 
in Social 
Systems – can 
we learn from 
the biosphere? 

Robert May, Nature 1977. Thresholds and 

Breakpoints in ecosytems with a multiplicity of 

stable states... 



Averting Regime 
Shifts: 
 
Defining Critical 
Indicator Levels 
 
Rather than 
 
Detecting changes 
in Regime shift 
indicators 



Unexpected Social-ecological Wammies  



 Out of the Emerging Infectious Disease (EID) events, 

60 % are zoonotic.  

 

 70 % of these zoonotic EID events are caused by 
pathogens with a wildlife origin, and often with 
livestock as bridge to humans,  for example SARS 
and the emergence of Nipah virus  

 
Courtesy: Ulf Magnusson, SLU 

Global Environmental Change and Zoonoses 



Economic impact of EIDs 

Figures are estimates and are presented as relative size. 

1996 1997 1998 1999 2000 2001 2002 2003 1994 1995 2004 2005 2006 
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BSE UK,  

$10-13bn Foot & Mouth 

Taiwan, $5-8bn 

Foot & Mouth 

UK 

$25–30bn 

 Avian Flu Asia, 

$5–10bn 

BSE U.S.,  

$3.5bn 

BSE Canada 

$1.5bn 

Avian Flu, NL 

$500m 

SARS 

China, Hong Kong, 

Singapore, Canada 

$30-50bn 

Nipah, Malaysia 

$350-400m 

Classical 

Swine 

Fever, 

Netherlands 

$2.3bn 

BSE 

Japan 

$1.5bn 
HPAI, Italy 

$400m 

ulf.magnusson@slu.se 

Courtesy: Ulf Magnusson, SLU 



The Great Acceleration:  
facing the risk that we have only reached 

 Humanity’s Double Apperitif 

Putting in the 

Social High Gear 

Earth system starting 

its Engine of positive 

feedbacks 



Earth Resilience in the Anthropocene 



+ 



 



… 

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

Global fresh- 

water use 

Transgressing safe 

boundaries 



1. Earth System and sustainability science 
(Understanding Earth System processes; ICSU, 

IGBP, ESSP, IPCC, MEA, evolution of 

sustainability science…) 

 

2. Scale of human action in relation to the 

capacity of the planet to sustain it 
(Kenneth Boulding Spaceship Earth, Herman 

Daly, Club of Rome, Ecological Economics 

reserach agenda, Ecological Footprint...) 

 

3. Shocks and Abrupt change in Social-

Ecological systems from local to global 

scales  

 (Resilience, tipping elements, guardrails...) 

Planetary 

Boundaries 

concept 

PB concept rests on three branches  

of Scientific inquiry 



Two different types of 

planetary boundary processes  

2. No known global threshold effect 1. Critical continental to global threshold  



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 



Planetary ”Must Haves” by 2020 
In partnership with WBCSD 

Planetary 
Boundary 

2020 ”Must 
Have” 

Key Links Key Business Tools 

Climate 
Boundary 
 

Bend Global Emission 
curve of CO2 by 2020 
5-6 %/yr decline 
thereafter 
80-100 % global reduction 
by 2050 

Land, Water, 
Nutrients, Ocean 
Acidification 

Footprint analysis 
LCA 
Target setting 

Land Boundary 
 

Sustaining remaining 
Rainforests on Earth 
Keep > 70 % forest stand 

Water, Climate, 
Nutrients, 
Biodiversity 

Sustainable Agric and Forest 
strategy 

Water Boundary 
 

Ensure > 30 % river flow 
 

Climate, Land, 
Biodiversity, N&P 

Water productivity indicator 
Sustainable intensification of 
production systems 
Product labelling 

Nitrogen & 
Phosphorus 
Boundary 
 

>50 % reduction of P 
leakages in soils  
> 50 % reduction in N 
leakage in soils 

Land, Water, 
Climate, 
Biodiversity 

Monitor N and P flows in entire 
value chain 
Sustainable Agriculture 

Biodiversity 
Boundary 
 

Absolute global halt of 
habitat loss 
Safeguard Critical Biomes 
(Forests, Marine systems, 
Polar ecosystems) 

Land, Water; 
Climate 

Restoring ”hot-spots” 
Protect critical biomes 
Economic value of ecosystem 
services (TEEB) 





Global Freshwater Use 
Avoid water induced environmental change at regional 

scale   

• Humans now alter global runoff 
flows, through withdrawals of blue 
water, and changes in green 
water flows, affecting water 
partitioning and moisture 
feedback 

• Physical water scarcity when 
withdrawals exceed 5000 – 6000 
km3 yr-1 

• Final availability of runoff 
determined by consumptive use 
of green and blue water flows 

• Consumptive use of blue water an 
aggregate control variable with 
boundary set at < 4000 km3 yr-1 

 



Agricultural Modification of ‘Green’ (ET) water flows 

Irrigation + 1800-2500 km3/yr 

Deforestation - 3000 km3/yr 

Gordon et al. 2005, 2008 

Total ET roughly 67000 km3/yr 

Monsoon collapse 

Savannisation 

Dry savanna – wet 

savanna 



Water Stressed 
River Basins in 
the World  
(Smakhtin et al., 2007) 

Thresholds for 
Environmental 
Water Flow 
(Smakhtin et al., 2007) 



Risk of Water Induced Tipping Points 



Earth System 
Process 

Control 
Variable(s) 

Thresholds Planetary 
Boundary 

(zone of 
uncertainty) 

Current 
Value of 
Control 

Variable(s) 

State of Knowledge 

Land system 
change 

Global: area of 
forested land  

Biome: area of 
forested land  

Tropical: Amount of land clearing 
beyond which self-reinforcing 
feedbacks lead to land-cover 
change across a much larger area, 
with atmospheric circulation 
teleconnections: 

Temperate: No  known 
thresholds.  

Boreal: Possible threshold related 
to albedo changes associated with 
land clearing 

Global: 75% of 
early Holocene 
(pre-agric)  forest 
cover 

Biome: 

Tropical: 85% of 
original forest 
cover 

Temperate: 50%  

Boreal: 85%  

Threshold for tropical 
forests best understood 
for Amazon, but complex 
with significant 
uncertainties. Albedo 
effect for boreal forest 
well understood but 
position of any possible 
threshold is not known 

Biodiversity 
loss 

Genetic 
diversity 
(library of life): 
Extinction rate 

Functional 
diversity: 

Mean species 
abundance 
(MSA) 

 “Soft threshold” proposed 
somewhere around 50% drop in 
MSA, beyond which rapid and 
much larger loss of biodiversity. 
Threshold known at ecosystem 
level and proposed for global 
level 

Genetic: no more 
than 10x 
background 
extinction rate but 
aspirational goal 
of no loss of 
genetic diversity. 

Functional: 
Maintain MSA at 
70% or above 
(uncertainty 
range of 70-30%) 

Genetic: 
Current 
extinction 
rate is 100-
1000x 
background 

Functional: 
Global MSA is 
currently 
estimated to 
be ca. 67% 

Aspirational genetic 
boundary based on first 
principles. Growing body 
of evidence for threshold 
of functional biodiversity 
loss at multiple levels 

(ecosystem to global) 



Planetary Stewardship: 

Transitions to Global 

Sustainability 



Reshaping global development paradigm 









• Planetary Boundaries 

• Planetary Opportunities 

• Planetary Stewardship 

 

 

• Part of the biosphere – 
environment not a sector 

• Not about saving the 
environment – about us 

• Not just climate but global 
change 

 



Sources of Social-Ecological 

Resilience 





WINDOW OF 

OPPORTUNITY 

Preparing the system for 

change 
Navigating the transition 

Building resilience of the 

new direction  

Australia’s Great Barrier Reef Sweden’s urban landscapes Latin America’s agricultural 

revolution 

Turning crisis into opportunity 
A shift in mindset for transformation 



Science in support of a Dual Track 

for a world transition to global 

sustainability 

Resource Efficiency 

Beyond GDP 

Productivity/Innovation 

Economic value of Ecosystem services 

”Working within the 500 MEAs” 

Systemic changes towards Earth 

Stewardship 

Circular Economy 

Growth to Prosperity 

Values, Ethics 

Reconnecting to Biosphere 



Growth Without Limits 

Growth within Limits 

Limits to Growth 


