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ESDN Quarterly Report 30 ς October 2013 

 

Planetary Boundaries for SD 

From a conceptual perspective to national applications  

by 

Umberto Pisano and Gerald Berger 

 

This ESDN Quarterly Report (QR) provides an overview of the planetary boundaries concept and 

related framework. In addition, it seeks to reflect on possible links between planetary boundaries 

with sustainable development as well as on chances and opportunities for its approach to be 

considered by the policy-making world in the context of international governance for sustainable 

development, but also at the national and regional level. 

In the first chapterΣ ǿŜ ǇǊƻǾƛŘŜ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ΨǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΩΦ 

Firstly, we look at how the concept has been developed. Secondly, we describe the scientific basis in 

a very concise way and with the help of several visual and descriptive tools. Finally, we briefly 

consider the topic in light of the sustainable development discourse, also looking at it from a social 

and equity perspective.  

The second chapter provides an overview on the responses that the planetary boundaries 

framework has received, especially with an eye on the policy-making world. We look at different 

angles, from the global sphere (such as the United Nations), the supra-national perspective of the 

European Union, and also the national viewpoints from eight European countries (i.e. Belgium, 

Finland, France, Germany, Italy, Switzerland, The Netherlands, United Kingdom), always keeping in 

mind the sustainable development context. In so doing, we explore whether chances and 

opportunities can be found, particularly in terms of application and implementation, of the planetary 

boundaries framework. With this intention, we summarise and present a research study 

commissioned by the Swedish Environmental Protection Agency (SEPA), which represents the first 

attempt to comprehend the feasibility of using planetary boundaries as a framework for 

understanding national contributions to the transgression of the planetary boundaries.  

Finally, the concluding chapter presents the main arguments explored in the report and provides 

several reflections that we consider interesting and potentially stimulating for furthering the 

planetary boundaries frameworkΩǎ uptake, especially in the policy-making world. 

 

  

http://www.sustainability.eu/?k=team&u=pisano
http://www.sustainability.eu/?k=team&u=berger
http://www.sustainability.eu/?k=team&u=berger
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1 ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ΨǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΩ 

In this chapter of the Quarterly Report, we provide a comprehensive overview of the concept of 
ΨǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΩΦ CƛǊǎǘƭȅΣ ǿŜ ǿƛƭƭ ƭƻƻƪ ŀǘ Ƙƻǿ ǘƘŜ ŎƻƴŎŜǇǘ Ƙŀǎ ōŜŜƴ ŘŜǾŜƭƻǇŜŘΦ {ŜŎƻƴŘƭȅΣ 
we describe the scientific basis in a very concise way and with the help of several visual and 
descriptive tools. Finally, we briefly consider the topic in light of the sustainable development 
discourse, also looking at it from a social and equity perspective. 

1.1 Brief history of the concept 

From Earth-

system dynamics 

to planetary 

boundaries 

 

 

 

 

A safe space for 

humanity 

In 2008, an interdisciplinary group of scientists started the discussions about 

ΨǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΩ in a workshop convened by the Stockholm Resilience Centre, 

the Stockholm Environment Institute and the Tällberg Foundation1. They were 

looking for insights into Earth-system dynamics to characterise the conditions 

needed for our planet to continue in a state, such as the Holocene. For the past ten 

thousand years (ca.), this state of the Earth has been supportive of the human 

civilization progresses providing humans with a stable climate.  

In 2009, one year after this workshop, a group of 29 internationally renowned 

scientists identified and quantified a set of nine planetary boundaries within which 

humanity can continue to develop and thrive for generations to come2 - the so-

ŎŀƭƭŜŘ Ψsafe space for humanityΩ. They believed that transgressing these boundaries 

could generate abrupt or irreversible environmental changes. On the contrary, 

respecting them would instead reduce the risks of human activities from causing 

unacceptable and undesirable environmental change (Rockström et al., 2009a; 

Rockström et al. 2009b).  

Inter alia, researchers involved in the study stressed that the approach does not 

offer a complete roadmap for sustainable development but also that the 

identification of critical planetary boundaries could provide one important 

element that can inform society´s decisions about sustainability.  

!ŦǘŜǊ нллфΣ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ΨǇƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎΩ Ƙŀǎ ƎŀƛƴŜŘ strong interest not 

only throughout the scientific community but also within the world of policy-making 

(e.g. UN Secretary-General Ban Ki-moon has often referred to this concept3) and civil 

society (e.g. OXFAM on social and equity issues and the planetary boundaries). 

                                                             
1
 http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/background.html 

2
 http://www.stockholmresilience.org/planetary-boundaries 

3
 See for instance: http://www.un .org/apps/news/story.asp?NewsID=39627#.Ulu4YlBmiSo 

http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/about-the-research/the-nine-planetary-boundaries.html
http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/background.html
http://www.stockholmresilience.org/planetary-boundaries
http://www.un.org/apps/news/story.asp?NewsID=39627#.Ulu4YlBmiSo
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1.2 Welcome to the Anthropocene 

A new 

geological era 

Although not formally recognized yet4, a large number of scientists are convinced5 

that the Earth ς including the human population ς has entered a new geological 

ŜǇƻŎƘΣ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ŘŜŦƛƴŜŘ ōȅ bƻōŜƭ ǇǊƛȊŜ ǿƛƴƴŜǊ tŀǳƭ WΦ /ǊǳǘȊŜƴ ŀǎ Ψthe 

AnthropoceneΩ ό/ǊǳǘȊŜƴΣ нллнύΦ Already recognised in 1873 by the Italian geologist 

Antonio Stoppani, who saw in humanity ŀ άƴŜǿ ǘŜƭƭǳǊƛŎ ŦƻǊŎŜ ǿƘƛŎƘ ƛƴ ǇƻǿŜǊ ŀƴŘ 

universality may be compared ǘƻ ǘƘŜ ƎǊŜŀǘŜǊ ŦƻǊŎŜǎ ƻŦ ŜŀǊǘƘέΣ ǘƘŜ !ƴǘƘǊƻǇƻŎŜƴŜ ŘŀǘŜǎ 

ōŀŎƪ ǘƻ ǘƘŜ LƴŘǳǎǘǊƛŀƭ wŜǾƻƭǳǘƛƻƴ ŀǊƻǳƴŘ мулл όƛōƛŘΦύΣ ŜǎǇŜŎƛŀƭƭȅ ǿƛǘƘ ǘƘŜ άŜƴƻǊƳƻǳǎ 

ŜȄǇŀƴǎƛƻƴ ƛƴ ǘƘŜ ǳǎŜ ƻŦ Ŧƻǎǎƛƭ ŦǳŜƭǎέ ό{ǘŜŦŦŜƴ Ŝǘ ŀƭΦ нллтύΦ Lƴ ŦŀŎǘΣ /ǊǳǘȊŜƴ ŘŜŦƛƴŜŘ ǘƘŜ 

Anthropocene as such, considering the escalation of the effects on the global 

environment provoked by humanity; furthermore he pointed out that because of the 

άanthropogenic emissions of carbon dioxide, global climate may depart significantly 

from natural behaviour for mŀƴȅ ƳƛƭƭŜƴƴƛŀ ǘƻ ŎƻƳŜέ ό/ǊǳǘȊŜƴΣ нллнύΦ 

The Holocene In contrast, the precedent era - ǘƘŜ ΨIƻƭƻŎŜƴŜΩ - has permitted human civilizations to 

thrive, especially because it guaranteed a stable warm period (for 10,000 years ca.) 

without dramatic variations, ǿƘƛŎƘ ƛǎ ƴƻǘ ǳǎǳŀƭ ƛƴ ǘƘŜ ƘƛǎǘƻǊȅ ƻŦ ƘǳƳŀƴǎΩ ŀǇǇŜŀǊŀƴŎŜ 

on the Earth (Rockström et al., 2009a; Rockström et al. 2009b; Steffen et al., 2011a). 

¢ƘŜ IƻƭƻŎŜƴŜ Ƙŀǎ ōŜŜƴ ǘƘŜ ƻƴƭȅ ǎǘŀōƭŜ ŀŎŎƻƳƳƻŘŀǘƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǘƘŜ άƻƴƭȅ 

ǎǘŀǘŜ ƻŦ ǘƘŜ 9ŀǊǘƘ {ȅǎǘŜƳ ǘƘŀǘ ǿŜ ƪƴƻǿ ŦƻǊ ǎǳǊŜ Ŏŀƴ ǎǳǇǇƻǊǘ ŎƻƴǘŜƳǇƻǊŀǊȅ ǎƻŎƛŜǘȅέ 

(Steffen et al. 2011a, p.739): for instance, it allowed the development of agriculture 

and the creation of complex civilizations (Graph 1.1). 

 

Graph 1.1   The Holocene 

 
       Source: Rockström et al. 2009b 

 
The 

Anthropocene 

As very well defined by Steffen et al. 2011b, the Anthropocene is revealed by two 

main features: 

1. Earth is now moving out of its current geological epoch (the Holocene); and, 

                                                             
4
 The argument is under serious analysis: a proposal to formalise the 'Anthropocene' is being developed by the 'Anthropocene' Working 

Group for consideration by the International Commission on Stratigraphy, with a current target date of 2016. However, the 
'Anthropocene' has emerged as a popular scientific term used by scientists, the scientifically engaged public and the media to 
designate the period of Earth's history during which humans have a decisive influence on the state, dynamics and future of the Earth 
system. It is widely agreed that the Earth is currently in this state.  

5
 See for instance: Steffen et al., 2011b 

http://quaternary.stratigraphy.org/workinggroups/anthropocene/
http://quaternary.stratigraphy.org/workinggroups/anthropocene/
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2. Human activity is largely responsible for this exit from the Holocene 

(therefore, recognizing that humankind has become a global geological force 

in its own right). 

The Anthropocene started around the beginning of 1800 with the Industrial 

Revolution in England and concluded its first stage after WWII in 1945. This period has 

been characterized mainly by an enormous expansion in the use of fossil fuels, first 

coal and then oil and gas (Steffen et al., 2007). ¢ƘŜ ǎŜŎƻƴŘ ǎǘŀƎŜΣ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ Ψthe 

Great AccelerationΩ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŀ ŘǊŀƳŀǘƛŎ ƛƴŎǊŜŀǎŜ ƛƴ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ 

(Steffen et al., 2011a), started in 1945 and is coming to an end in these very years. 

This great acceleration of the human impact is well described in the next figure (Fig. 

1.1), which looks at the global-scale changes in the Earth- system as a result of the 

dramatic increase in human activity. 

Fig. 1.1   The great acceleration 

 
        Source: Steffen et al., 2011a 
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The 3
rd

 stage At the moment, the Anthropocene has lived already through its first two stages. It is 

believed (Steffen et al. 2007; Steffen et al., 2011a), humankind finds itself in the third 

stage which is meant to start with the recognition by decision makers of the role of 

ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ ƛƴ άŀŦŦŜŎǘƛƴƎ ǘƘŜ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŦǳƴŎǘƛƻƴƛƴƎ ƻŦ ǘƘŜ 9ŀǊǘƘ {ȅǎǘŜƳ ŀǎ ŀ 

ǿƘƻƭŜέ (ibid.). However, now, it is up to humanity to decide what the 3rd phase will be 

ƭƛƪŜΥ ŎƻƴǘƛƴǳƛƴƎ ƛƴ ŀ άōǳǎƛƴŜǎǎ-as-uǎǳŀƭέ ǘǊŀƧŜŎǘƻǊȅ ƻǊ ǎǘǊƛǾƛƴƎ ǘƻ ōŜŎƻƳŜ ά{ǘŜǿŀǊŘǎ ƻŦ 

ǘƘŜ 9ŀǊǘƘέΚ 

  

1.3 Nine thresholds humanity should not surpass 

The 9 planetary 

boundaries 

As mentioned above, in 2009, Johan Rockström together with other 28 scientists 

ŘŜǾŜƭƻǇŜŘ άA safe operating space for humanityέΣ the framework of the άǇƭŀƴŜǘŀǊȅ 

ōƻǳƴŘŀǊƛŜǎέ. The authors identified the nine planetary boundaries among Earth 

System processes that should be put under serious control and whose thresholds 

should not be exceeded in order to avoid the disruption of the Earth-system stability, 

namely: 

1) Climate Change; 

2) Rate of Biodiversity Loss; 

3) Interference with the Global Phosphorus and Nitrogen Cycles; 

4) Stratospheric Ozone Depletion; 

5) Ocean Acidification; 

6) Global Freshwater Use; 

7) Land-system Change; 

8) Atmospheric Aerosol Loading; 

9) Chemical Pollution. 

Unfortunately, humanity has already transgressed at least three planetary 

boundaries (rate of biodiversity loss, climate change, and human interference with the 

nitrogen cycle), whilst some are at risk of being surpassed (freshwater use, land-system 

change, and ocean acidification).  

Interactions 

among the 

boundaries 

An important statement by Rockström et al. (2009b) needs particular consideration in 

our discourse:  

άInteractions among planetary boundaries may shift the safe level of one or several 
boundaries, which we have provisionally set under the (strong) assumption that no 
other boundaries are transgressed. In reality, what may appear as a physical 
boundary with a clearly defined threshold may change position as a slowly changing 
ǾŀǊƛŀōƭŜ όΧύ ŜȄŎŜŜŘǎ ƛǘǎ ōƻǳƴŘŀǊȅ ƭŜǾŜƭΦέ 

In other words, interactions among boundaries are crucial and need to be monitored 

constantly: these interactions may be able to provoke or induce changes to other 

planetary boundaries levels, and consequently push them to go beyond the respective 

limits. In this regard, Rockström et al. suggest extreme caution, particularly when 

approaching or transgressing any individual planetary boundary.  
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 As shown in the following figure (Fig. 1.2), inner green shading represents the 

proposed safe operating space for nine planetary systems. The red wedges represent 

an estimate of the current position for each variable (Rockström et al., 2009a; 

Rockström et al., 2009b). Rockström et al. pointed out that they were able to quantify 

with confidence only three out of nine boundaries; four are represented by tentative 

suggestions (best guesses based on the current state of knowledge), whilst two 

boundaries still need to be determined (Atmospheric Aerosol Loading; Chemical 

Pollution).   

 

Fig. 1.2  Planetary boundaries for a safe operating Earth system 

 
              Source: Rockström et al., 2009a 

 

 

Motive and 

descriptions 

A more punctual and in-depth description for each of the nine planetary boundaries 

follows below where we try to summarise the comprehensive work done by Rockström 

et al. in 2009, also ǳǘƛƭƛȊƛƴƎ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ƻŦ ǘƘŜ {ǘƻŎƪƘƻƭƳ wŜǎƛƭƛŜƴŎŜ /ŜƴǘǊŜΩǎ ǿŜōǎƛǘŜ6, 

especially for its effort in synthesizing a very complex matter. 

 

                                                             
6
 http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/about-the-

research/the-nine-planetary-boundaries.html 

http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/about-the-research/the-nine-planetary-boundaries.html
http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/about-the-research/the-nine-planetary-boundaries.html


 Planetary Boundaries for SD  ESDN Quarterly Report N.30 

 
 10 

(1) Climate Change 

Description:  
Recent evidence suggests that the Earth, now passing 387 ppm CO2 in the atmosphere, has already transgressed 
the planetary boundary and is approaching several Earth system thresholds. For instance, we have already 
reached a point at which the loss of summer polar sea-ice is almost certainly irreversible. This is one example of 
a well-defined threshold above which rapid physical feedback mechanisms can drive the Earth system into a 
much warmer state with sea levels metres higher than present. A major question is how long we can remain 
over this boundary before large, irreversible changes become unavoidable. There is a growing convergence 
ǘƻǿŀǊŘ ŀ άнϲ/ ƎǳŀǊŘǊŀƛƭέ ŀǇǇǊƻŀŎƘΣ ǿƘƛŎƘ ǿƻǳƭŘ Ŏƻƴǘŀƛƴǎ ǘƘŜ ǊƛǎŜ ƛƴ Ǝƭƻōŀƭ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ǘƻ ƴƻ ƳƻǊŜ ǘƘŀƴ 
2°C above the preindustrial level.  

Planetary boundary: a dual approach is proposed to defining the planetary boundary for climate change, using 
both atmospheric CO2 concentration and radiative forcing as global-scale control variables. Values of 350 ppm 
CO2 and 1 W m

-2
 above the pre-industrial level, respectively, are suggested. 

 

(2) Rate of Biodiversity Loss 

Description: 

Local and regional biodiversity changes can have pervasive effects on Earth System functioning and interact 

with several other planetary boundaries. The current and projected rates of biodiversity loss constitute the sixth 

major extinction event in the history of life on Earth. Since the advent of the Anthropocene, humans have 

increased the rate of species extinction by 100ς1000 times the background raǘŜǎ ǘƘŀǘ ǿŜǊŜ ǘȅǇƛŎŀƭ ƻǾŜǊ 9ŀǊǘƘΩǎ 

history, resulting in a current global average extinction rate җ of 100 E/ MSY. In the last 20 years, about half of 

the recorded extinctions is primarily due to land-use change, species introductions, and increasingly climate 

change. These large rates of ecosystem damage and extinction can be slowed by judicious projects to enhance 

habitat and improve build appropriate connectivity between ecosystems, while maintaining the high agricultural 

productivity that humanity needs. The primary reason for including biological diversity as a planetary boundary 

is its role in providing ecological functions that support biophysical sub-systems of the Earth, and thus provide 

the underlying resilience of other planetary boundaries.  

Planetary boundary: extinction rate should be decided at 10 E/MSY (therefore, within  an order of magnitude of 

the background rate)7. However, it is also suggested to set an uncertainty range of 10ς100 E/MSY. 

(3) Interference with the Global Phosphorus and Nitrogen Cycles 

Description: 

The biogeochemical cycles of nitrogen and phosphorus have been radically changed by humans as a result of 

many industrial and agricultural processes (i.e. fertilizer production and application). Nitrogen and phosphorus 

are both essential elements for plant growth. Human activities now convert more atmospheric nitrogen into 

reactive forms than all of the Earth's terrestrial processes combined. Much of this new reactive nitrogen is 

emitted to the atmosphere in various forms rather than taken up by plants. When it is rained out, it pollutes 

waterways and coastal zones or accumulates in the terrestrial biosphere. Similarly, a relatively small proportion 

of phosphorus fertilizers applied to food production systems is taken up by plants; much of the phosphorus 

mobilized by humans also ends up in aquatic systems. A significant fraction of the applied nitrogen and 

phosphorus makes its way to the sea, and can push marine and aquatic systems across ecological thresholds of 

their own.  

Planetary boundary: (i) for Nitrogen (N): it should be set at 25% of its current value, or to about 35 Mt N yr-1; 

(ii) for anthropogenic Phosphorus (P) inflow to the oceans, it is tentatively placed at <10 times (<10×) the 

natural background weathering flux of P, with an uncertainty range (<10×ς<100×). 

                                                             
7
 E/MSY = extinctions per million species per year 
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(4) Stratospheric Ozone Depletion 

Description: 

The stratospheric ozone layer in the atmosphere filters out ultraviolet (UV) radiation from the sun. If this layer 

decreases, increasing amounts of ultraviolet radiation will reach ground level. This can cause a higher incidence 

of skin cancer in humans as well as damage to terrestrial and marine biological systems. The appearance of the 

Antarctic ozone hole was a textbook example of a threshold in the Earth System being crossedτcompletely 

unexpectedly.  

Planetary boundary: it is proposed a <5% decrease in column ozone levels for any particular latitude with 

respect to 1964ς1980 values. 

 
(5) Ocean Acidification 

Description: 
Ocean acidification poses a challenge to marine biodiversity and the ability of oceans to continue to function as 
a sink of CO2 (currently removing roughly 25% of human emissions). The atmospheric removal process includes 
both dissolution of CO2 into seawater, and the uptake of carbon by marine organisms. Addition of CO2 to the 
oceans increases the acidity (lowers pH) of the surface seawater. Many marine organisms are very sensitive to 
changes in ocean CO2 ŎƘŜƳƛǎǘǊȅΦ CǳǊǘƘŜǊƳƻǊŜΣ ƎƭƻōŀƭƭȅΣ ǘƘŜ ǎǳǊŦŀŎŜ ƻŎŜŀƴ ŀǊŀƎƻƴƛǘŜ ǎŀǘǳǊŀǘƛƻƴ ǎǘŀǘŜ όҠarag) is 
declining with rising ocean acidity. Aragonite under-saturation means that these waters will become corrosive 
to the aragonite and high-magnesium calcite shells secreted by a wide variety of marine organisms. The large-
scale depletion of aragonite-forming organisms would be a major disturbance in marine ecosystems, the 
consequences and impacts of which are highly uncertain. Ocean acidification may have serious impacts on coral 
reefs and associated ecosystems; similarly, marine plankton are also vulnerable, presumably with ripple effects 
up the food chain. Losses of these species would change the structure and dynamics of ocean ecosystems and 
could potentially lead to drastic reductions in fish stocks.  

Planetary boundary: oceanic aragonite saturation state is maintained at 80% or higher of the average global 

pre-industrial surface seawater Ҡarag of 3.44. Recognizing that carbonate chemistry can be variable over diel 
and seasonal timescales, we suggest that the typical diel and seasonal range of values of aragonite saturation 
state be incorporated into this boundary (i.e., >80% of the average surface ocean, pre-industrial aragonite 
saturation state ± diel and seasonal variability). 

 

(6) Global Freshwater Use 

Description: 

Human pressure is now the dominant driving force determining the functioning and distribution of global 

freshwater systems. Global manipulations of the freshwater cycle affect biodiversity, food, and health security 

and ecological functioning, undermining the resilience of terrestrial and aquatic ecosystems. Water is becoming 

increasingly scarce: it is thought that by 2050 about half a billion people are likely to be subject to water-stress, 

increasing the pressure to intervene in water systems. For instance, aƴ ŜǎǘƛƳŀǘŜŘ нр҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǊƛǾŜǊ ōŀǎƛƴǎ 

run dry before reaching the oceans due to use of freshwater resources in the basins.  

Planetary boundary: it should be set at 4,000 km
3
 yr

-1
 of consumptive blue water use (with a zone of 

uncertainty of 4000ς6000 km3 yr-1). 
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(7) Land-System Change 

Description: 

Land is converted to human use all over the planet. Forests, wetlands and other vegetation types have primarily 

been converted to agricultural land. This land-use change is one driving force behind the serious reductions in 

biodiversity, and it has impacts on water flows and on the biogeochemical cycling of carbon, nitrogen and 

phosphorus and other important elements. Conversion of forests and other ecosystems to agricultural land has 

occurred at an average rate of 0.8% yr
-1
 over the past 40ς50 years and is the major global driver behind loss of 

ecosystem functioning and services. While each incident of land cover change occurs on a local scale, the 

aggregated impacts can have consequences for Earth system processes on a global scale. A major challenge 

with setting a land use boundary is that it needs to reflect not just the absolute quantity of unconverted and 

converted land but also its function, quality and spatial distribution.  

 

Planetary boundary: no more than 15% of the global ice-free land surface should be converted to cropland. 

 

(8) Atmospheric Aerosol Loading 

Description: 

Through their interaction with water vapour, aerosols play a critically important role in the hydrological cycle 

affecting cloud formation and global-scale and regional patterns of atmospheric circulation (i.e. the monsoon 

systems in tropical regions). They also have a direct effect on climate, by changing how much solar radiation is 

reflected or absorbed in the atmosphere. Humans change the aerosol loading by emitting atmospheric pollution, 

and also through land-use change that increases the release of dust and smoke into the air. Shifts in climate 

regimes and monsoon systems have already been seen in highly polluted environments. A further reason for an 

aerosol boundary is that aerosols have adverse effects on many living organisms. However, the behavior of aerosols 

in the atmosphere is extremely complex: while many relationships between aerosols, climate and ecosystems are 

well established, many causal links are yet to be determined. 

Planetary boundary: no specific threshold value for global-scale effects identified yet.  

 

(9) Chemical Pollution 

Description: 

Emissions of toxic compounds such as heavy metals, synthetic organic pollutants and radioactive materials, 

represent some of the key human-driven changes to the planetary environment. These compounds can persist in the 

environment for a very long time, and their effects are potentially irreversible. Chemical pollution qualifies as a 

planetary boundary because it can influence Earth System functioning (i) through a global, ubiquitous impact on the 

physiological development and demography of humans and other organisms with ultimate impacts on ecosystem 

functioning and structure, and (ii) by acting as a slow variable that affects other planetary boundaries. 

 Planetary boundary: no comprehensive single planetary boundary has been found yet. 

  

In the following table (Fig. 1.3), we offer a comprehensive list of the planetary 

boundaries. Please note that the third planetary boundary (Interference with the 

Global Phosphorus and Nitrogen Cycles) has been subdivided in two parts since the 

Nitrogen cycle boundary has already been surpassed. 
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 Fig. 1.3   Description of the nine planetary boundaries8 

Earth-System 
process 

Parameters 
(Control variable) 

Explanation of Threshold avoided or 
influenced by slow variable 

Proposed 
Boundary 

Current 
Status 

Pre-
industrial 

Value 

(1) Climate change 

(i) Atmospheric Carbon Dioxide 
(CO2) concentration 

(Parts per million by volume, ppm) 
 

(ii) Change in radiative forcing  
(Watts per meter squared) 

¶ Loss of polar ice sheets; 

¶ Regional climate disruptions; 

¶ Loss of glacial freshwater supplies; 

¶ Weakening of carbon sinks 

350  
(ppm) 

 
 
1  

(W m
-2
) 

387  
(ppm) 

 
 

1.5 
(W m

-2
) 

280  
(ppm) 

 
 
0 

(W m
-2
) 

(2) Rate of 
Biodiversity Loss 

Extinction rate 
(number of extinctions per million 

species per year  
(E/MSY) 

¶ Slow variable affecting ecosystem 

functioning at continental and ocean basin 
scales; 

¶ Impact on many other boundaries (C 

storage, freshwater, N and P cycles, land 
systems);  

¶ Massive loss of biodiversity unacceptable 

for ethical reasons. 

10  
(E/MSY) 

>100 
(E/MSY) 

0.1-1 
(E/MSY) 

(3a) Nitrogen Cycle 
(part of a boundary with 
the phosphorous cycle) 

Amount of N2 removed from  
the atmosphere for human use  

(Million of tonnes per year, Mt N yr-1) 

¶ Slow variable affecting overall resilience of 

ecosystems via acidification of terrestrial 
ecosystems and eutrophication of coastal 
and freshwater systems. 

35 
(Mt N yr

-1
) 

121  
(Mt N yr

-1
) 

0  
(Mt N yr

-1
) 

(3b) Phosphorous 
Cycle 

(part of a boundary with 
the nitrogen cycle) 

Quality of P flowing into the 
oceans 

(Million of tonnes per year, Mt N yr-1) 

¶ Avoid a major oceanic anoxic event 

(including regional), with impacts on 
marine ecosystems 

11  
(Mt N yr

-1
) 

8.5-9.5  
(Mt N yr

-1
) 

-1  
(Mt N yr

-1
) 

(4) Stratospheric 
ozone 

depletion 

Concentration of Ozone 
(Dobson Unit, DU) 

¶ Severe and irreversible UV-B radiation 

effects on human health and ecosystems. 

276  
(DU) 

283  
(DU) 

290  
(DU) 

(5) Ocean 
acidification 

Global mean saturation state of 
aragonite in surface sea water  

(ʍarag) 

¶ Conversion of coral reefs to algal-

dominated systems; 

¶ Regional elimination of some aragonite - 

and high-magnesium calcite - forming 
marine biota; 

¶ Slow variable affecting marine carbon sink. 

2.75  

όʍ arag) 

2.90 

όʍ arag) 

3.44 

όʍ arag) 

(6) Global 
freshwater 

use 

Consumption of freshwater by 
humans  

(km3 per year) 

¶ Could affect regional climate patterns (e.g., 

monsoon behaviour); 

¶ Primarily slow variable affecting moisture 

feedback, biomass production, carbon 
uptake by terrestrial systems and reducing 
biodiversity 

4000  
(Km

3
 yr

-1
) 

2600  
(Km

3
 yr

-1
) 

415  
(Km

3
 yr

-1
) 

(7) Change in Land 
Use 

Percentage of global land cover 
converted to cropland 

¶ Trigger of irreversible & widespread 

conversion of biomes to undesired states; 

¶ Primarily acts as a slow variable affecting 

carbon storage and resilience via changes 
in biodiversity and landscape 

heterogeneity. 

15% 11.7% Low 

(8) Atmospheric 
aerosol 
loading 

Overall particulate concentration 
in the atmosphere, on a regional 

basis 

¶ Disruption of monsoon systems; 

¶ Human health effects; 

¶ Interacts with climate change and 

freshwater boundaries. 

To be determined 

(9) Chemical 
pollution 

For example, amount emitted to 
or concentrations of persistent 

organic pollutants (POPs), plastics, 
endocrine disruptors, heavy 

metals, and nuclear waste in the 
global environment or the effects 
on the ecosystem and functioning 

of Earth system thereof 

¶ Thresholds leading to unacceptable 

impacts on human health and ecosystem 
functioning possible but largely unknown;  

¶ May act as a slow variable undermining 

resilience and increase risk of crossing 
other threshold. 

To be determined 

 

 

                                                             
8
 Table modified using the following sources: Steffen et al., 2011c; Rockström et al., 2009b and 

http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/about-the-
research/quantitative-evolution-of-boundaries.htmll 

http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/about-the-research/quantitative-evolution-of-boundaries.html
http://www.stockholmresilience.org/21/research/research-programmes/planetary-boundaries/planetary-boundaries/about-the-research/quantitative-evolution-of-boundaries.html
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1.4 Planetary boundaries for Sustainable Development 

 

 

 

 

 

 

!ƴ Ψ{5 

ǘǊŀƧŜŎǘƻǊȅΩ 

In May 2013, Johan Rockström and Jeffrey D. Sachs prepared a Background paper 

for the High-Level Panel of Eminent Persons on the Post-2015 Development Agenda, 

ŀǎ ǇŀǊǘ ƻŦ ŀ Ǝƭƻōŀƭ ƛƴƛǘƛŀǘƛǾŜ ŦƻǊ ǘƘŜ ¦b ŎŀƭƭŜŘ ΨSustainable Development Solutions 

NetworkΩ ƭŀǳƴŎƘŜŘ ōȅ ¦ƴƛǘŜŘ bŀǘƛƻƴǎ {ŜŎǊŜǘŀǊȅπDŜƴŜǊŀƭ .ŀƴ YƛπƳƻƻƴ όwƻŎƪǎǘǊǀƳ 

and Sachs, 2013). In this paper, scientists proposed the Planetary Boundaries 

framework in the context of SD to provide a safe space for innovation, growth and 

development in the pursuit of human prosperity, clearing the misconception that 

these boundaries would place a cap on human development. Nonetheless, 

Rockström and Sachs pointed at a so-ŎŀƭƭŜŘ ΨSustainable Development TrajectoryΩ 

built upon six major structural transformations: 

1. Energy Transformation, especially through the shift towards a low-carbon 

economy; 

2. Food Security Transformation, mainly with a multi-faceted agro-ecological 

intensification of food production that needs to be decoupled from 

unsustainable use of water, energy, fertilizers, chemicals and land; 

3. Urban Sustainability Transformation, for instance with resource-efficient 

investments and an upgrade to resilient cities; 

4. Population Transformation, particularly towards slowing population 

growth as much as possible; 

5. Biodiversity Management Transformation, for example, by developing 

ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ƳŀƴŀƎƛƴƎ ǘƘŜ ǿƻǊƭŘΩǎ ǎǇŜŎƛŜǎ ǘƘŀǘ ǿƛƭƭ ƻǇŜǊŀǘŜ ŀǘ ƭƻŎŀƭ ŀƴŘ 

regional scales where the species live or through strategies for preserving 

the six critical biomes that ŎƻƴǎǘƛǘǳǘŜ ƪŜȅ άƎƭƻōŀƭ ǊŜƎǳƭŀǘƛƴƎ ǎȅǎǘŜƳǎέ ƻŦ 

concern for humanity as a whole; 

6. Private and Public Governance Transformation, inter alia by recognising 

that public policy decisions must be made on the basis of scientific 

evidence, or that multi-national companies must be made accountable for 

their actions. 

While seeking effective solutions for living sustainably, Steffen et al. (2011c) 

identified the right approach in the holistic and integrated approach provided by 

the planetary boundary framework. In this sense, they precisely suggested that 

άǿƛǘƘƛƴ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ ƻŦ ǘƘŜ ǇƭŀƴŜǘŀǊȅ ǇƭŀȅƛƴƎ ŦƛŜƭŘΣ ǘƘŜǊŜ ƛǎ ŀƴ ƛƴŦƛƴƛǘŜ ƴǳƳōŜǊ ƻŦ 

strategies, tactics, and trade-offs that humanity can deploy as it continues to strive 

to improve well-ōŜƛƴƎέΣ ŀƭǎƻ ōŜŎŀǳǎŜΣ ǘƘŜȅ ŀŘŘŜŘΣ άǊŜǎǇŜŎǘƛƴƎ ǘƘŜ ōƻǳƴŘŀǊƛŜǎ 

ƳŜŀƴǎ ǊŜǎǇŜŎǘƛƴƎ ǘƘŜ Ǝƭƻōŀƭ ŎƻƳƳƻƴǎέ όƛΦŜΦ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΣ ǘƘŜ ƻŎŜŀƴǎΣ ǘƘŜ 

ecosystems).  

 

http://unsdsn.org/
http://unsdsn.org/
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Humans as 

stewards of the 

Earth System 

In this context, humanity needs to decide about its role in the new epoch of the 

Anthropocene (Steffen et al., 2011a; Rockström et al., 2009b; Steffen et al. 2007). 

Therefore, reconnecting human development and progress to the capacity of the 

biosphere and essential ecosystem services is to be sustained while humans become 

active stewards of the Earth System as a whole (Folke et al. 2011). Sustainable 

development has a crucial role in this discourse and, furthermore, should recognise 

ƛǘ ŀǎ ŀ ǎǘǊƻƴƎ ΨǇǊŜǊŜǉǳƛǎƛǘŜ ŦƻǊ ƭong-ǘŜǊƳ ƘǳƳŀƴ ǿŜƭƭōŜƛƴƎΩ ό.ŜǊƪŜǎ ŀƴŘ CƻƭƪŜΣ мффуΤ 

Ostrom, 2009; Chapin et al., 2011). 

Redefining 

sustainable 

development 

In other terms, as suggested by Griggs et al. (2013), the definition of sustainable 

development should take into serious consideration the planetary boundary 

ŦǊŀƳŜǿƻǊƪ ŀƴŘ ōŜ ǊŜŘŜŦƛƴŜŘ ƛƴŘŜŜŘ ŀǎ άdevelopment that meets the needs of the 

ǇǊŜǎŜƴǘ ǿƘƛƭŜ ǎŀŦŜƎǳŀǊŘƛƴƎ 9ŀǊǘƘΩǎ ƭƛŦŜ-support system, on which the welfare of 

current and future generations dependsέ (p. 306). 

 

1.5 A Social and Equity perspective 

Planetary 

boundaries and 

human 

development 

Whilst the planetary boundaries framework represents ς at first look ς an 

environment-oriented concept, it is also true that its premises are definitely 

ΨǎƻŎƛŀƭƭȅΩ ǿŜƭƭ-embedded in the sustainable development discourse, we believe at 

least for two reasons. Firstly, the nine planetary boundaries have been set with the 

intention to safeguard the Earth-system functioning in a state as similar as possible 

to the only Earth stable state we know that helped human development (the 

Holocene), and therefore to contiƴǳŜ ƎǳŀǊŀƴǘŜŜƛƴƎ ŀ ΨǎŀŦŜ ǎǇŀŎŜ ŦƻǊ ƘǳƳŀƴƛǘȅΩΦ 

Secondly, by recognizing the role of humankind in the development of the era of 

Anthropocene, Rockström and colleagues acknowledge the importance of the 

modes of human development for the sustainability of the human race.  

Social 

boundaries 

In February 2012, an interesting discussion paper by Oxfam (Raworth, 2012) 

advanced the idea of combining the framework of planetary boundaries with a 

complementary concept of social boundaries, taking into consideration main 

human deprivations.  

The paper sets out a visual framework for sustainable development ς shaped like a 

doughnut (see the following Fig. 1.4) ς that outlines a safe and just space for 

humanity to thrive in an inclusive and sustainable economic development. 
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Fig. 1.4:  A safe and just space for humanity to thrive in 

 
       Source: Raworth, 2012 

 

The Doughnut As presented by Raworth, the figure has an inner boundary (the social foundation) 

ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ŜƭŜǾŜƴ ŘƛƳŜƴǎƛƻƴǎ ōŀǎŜŘ ƻƴ ƎƻǾŜǊƴƳŜƴǘǎΩ ǇǊƛƻǊƛǘƛŜǎ ŦƻǊ wƛƻҌнлΦ ¢ƘŜ 

environmental ceiling forms an outer boundary made of the nine planetary 

boundaries set out by Rockström and his co-authors. Between the two circles lies an 

area ς shaped like a doughnut ς which represents an environmentally safe and 

socially just space for humanity to thrive in. It is also the space in which inclusive 

and sustainable economic development takes place: 

ά¢ƘŜ ŦǊŀƳŜǿƻǊƪ ōǊƛƴƎǎ ƻǳǘ ŀ ƴŜǿ ǇŜǊǎǇŜŎǘƛǾŜ ƻƴ ǎǳǎǘŀƛƴŀōƭŜ development. 

Human-rights advocates have long highlighted the imperative of ensuring every 

ǇŜǊǎƻƴΩǎ ŎƭŀƛƳ ǘƻ ƭƛŦŜΩǎ ŜǎǎŜƴǘƛŀƭǎΣ ǿƘƛƭŜ ŜŎƻƭƻƎƛŎŀƭ ŜŎƻƴƻƳƛǎǘǎ ƘŀǾŜ ŜƳǇƘŀǎƛǎŜŘ 

the need to situate the economy within environmental limits. The framework 

puts the two together, creating a closed system that is bounded by both human 

ǊƛƎƘǘǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΦέ (Raworth, 2012, p.5)  
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The Equity 

dimension 

CƻƭƭƻǿƛƴƎ ǘƘŜ ƭƛƴŜ ƻŦ ǘƘƻǳƎƘǘ ƻŦ ǘƘŜ Ψ5ƻǳƎƘƴǳǘΩ ŀǊƎǳƳŜƴǘΣ {ǘŜŦŦŜƴ ŀƴŘ {ǘŀŦŦƻǊŘ 

Smith (2013) ŀƭǎƻ ǇǊƻǇƻǎŜŘ ǘƻ ƛƴǘŜƎǊŀǘŜ ΨǎƻŎƛŀƭ Ŝǉǳƛǘȅ ŎƻƴǎƛŘŜǊŀǘƛƻƴǎΩ ǘƻ ǘƘŜ 

management of the biophysical planetary boundaries, especially through the 

identification of synergies between both the environmental and social dimensions. 

Therefore, they argue that this combination would represent at least a necessary 

condition towards fostering sustainable development. In fact, they reflected on the 

often heterogeneous spatial distribution of the planetary boundaries among 

countries, which has clear implications on the social and economic pillars of SD and, 

hence, on the improvement of human well-being of developing countries. 

Furthermore, they argue that a more spatially equitable world (especially, in terms 

of incomes and resource use) would not only be in the interests of developing 

nations but also of wealthy countries.  

A very interesting example of their work and argument is provided in the next figure, 

which offers a first analysis of how spatial social equity considerations might be 

included in the management strategy for various planetary boundaries: in the figure, 

for each boundary (column 1) that has a regional expression with global significance 

(column 2), Steffen and Stafford Smith (2013) identified at least one aspect of its 

management which requires a consideration of spatial distribution (column 3) and 

note how this could also contribute to social equity (column 4). 

Fig. 1.5  Synergies between planetary boundaries and spatial social equity considerations 

 
Source: Steffen and Stafford Smith (2013) 

  




























