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Planetary Boundaries: A Safe Operating Space for Humanity

We are already 
exceeding global 

sustainability limits for 
climate change, 

nitrogen and 
phosphorus cycling, 

land use change, and 
biodiversity loss.Source: Steffen et al.  2015



Nine planetary boundaries have been proposed

(Table 1) which, if respected, would likely ensure that the
Earth System remains in a Holocene-like state. Pre-

liminary analyses (Rockström et al. 2009a, b) estimated

quantitative boundaries for seven of the Earth System
processes or elements—climate change, stratospheric

ozone, ocean acidification, the nitrogen and phosphorus

cycles, biodiversity loss, land-use change and freshwater
use. For some of these it is a first attempt at quantifying

boundaries of any kind, that is, quantifying the supply of
some of the regulating and supporting Earth System ser-

vices. There is insufficient knowledge to suggest quanti-

tative boundaries for two of the processes—aerosol
loading and chemical pollution. Rockström and colleagues

estimate that three of the boundaries—those for climate

change, the nitrogen cycle and biodiversity loss—have

already been transgressed while we are approaching sev-

eral others (Fig. 9).
Even if a scientific consensus around boundary defini-

tions could be achieved, much more is required to achieve

successful and effective global governance and stewardship
(Richardson et al. 2011). Focusing on climate change, the

outcomes of the COP15 meeting in Copenhagen in 2009

showed that (i) climate change has now been raised to an
issue of high political priority internationally, and (ii) the

road to achieving a legally binding international climate
agreement, based on burden- or cost-sharing in the context

of a global commons, is a long and complex one, with

further steps beyond COP15 required to deliver such an
agreement (Falkner et al. 2010; Richardson et al. 2011).

Recently, however, Ostrom (2010) has suggested that the

traditional approach of collective action to climate change

Fig. 9 The inner green shading represents the proposed safe oper-
ating space for nine planetary systems. The red wedges represent an
estimate of the current position for each variable. The boundaries in

three systems (rate of biodiversity loss, climate change and human
interference with the nitrogen cycle) have already been exceeded
(Rockström et al. 2009a)
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As of 2009, we were 
already exceeding 

global sustainability 
limits for climate 
change, nitrogen 

cycling, and 
biodiversity loss.

Source: Rockstrom et al, Nature, 2009



FFood plays a major role in 
environmental sustainability:

By far, the 
largest source 
of nitrogen 
pollution is 
fertilizer.

50% of US 
land is used 
for 
agriculture.

70% of freshwater 
use is for agriculture.

14-18% of global 
greenhouse gases derive 
from livestock alone. 
(U.N.)

Biodiversity loss is driven primarily by 
habitat loss, climate change, and 
pollution.

Antibiotic resistance is rising.

Chemical pollution



Can we feed 10 billion people healthy diets within  
the planetary boundaries?

Food  systems link health and environmental sustainability.    

Willett et al. 2019.
Food Planet Health.
Healthy diets from
sustainable food 
systems.



For each food group, a health-based target 
was set
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How does the global 
average diet compare to 
the health boundaries?
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How does the Sub-Saharan Africa average 
diet compare to the health boundaries?
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Avg. North American diet

Avg. South  Asian diet
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Each row is a scenario. Variations in production, waste, and diet are modeled for sustainability.

Production Waste Diet
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Sustainability of scenarios 
shown in different color wedges
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Some varieties of chocolate are currently  
threatened by climate change!

Why buy Fair Trade?

Environmental Sustainability

Justice for farmers



What do the circles 
look like to you?


