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The planetary boundary framework proposed by Rockström et al. (2009) identified nine processes that 
regulate the stability and resilience of the Earth system − ‘planetary life support systems’.

The framework proposes precautionary quantitative planetary boundaries within which humanity can 
continue to develop and thrive, also referred to as a ‘safe operating space’. 

This approach has proved influential in global sustainability policy development. 
The new Environment Action Programme of the EU, the 8th Environment Action Plan (EAP), has reinforced 
the long-term objective from the 7th EAP, now with planetary boundaries (PBs) explicitly mentioned:

„The 8th EAP shall have the long-term priority objective that by 2050 at the latest, people live well, 
within the planetary boundaries in a well-being economy where nothing is wasted, growth is 
regenerative, climate neutrality in the Union has been achieved and inequalities have been significantly 
reduced. …“ (Article 2)
https://ec.europa.eu/environment/strategy/environment-action-programme-2030_en

Since 2009, Earth system science has developed new approaches. Much uncertainty remains regarding 
some of the control variables, and the limits of the planetary boundaries represent estimates based on 
currently available scientific knowledge. 

The planetary boundary (PB) concept, introduced in 2009, aimed to define 
the environmental limits within which humanity can safely operate. 
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It is estimated that humanity has already 
overshot the limits that define a safe operating 
space for four planetary boundaries:

for biosphere integrity, 

climate change, 

land system change, 

and biogeochemical flows.

Humanity has already transgressed four planetary boundaries.

Crossing these boundaries increases the risk of generating large-scale
abrupt or irreversible environmental changes that could turn the Earth
system into states, detrimental or catastrophic for human development.



Explorations towards operationalising PBs, now accentuated by reinforced 
call for PB analysis from EU policy EEA & other organisations
(8th EAP entered into force 2 May 2022)

A five-year project trajectory:

• 2015: Framing of knowledge challenges within the Environment 
Knowledge Community (EKC)

• 2016-17: Stock-taking of scientific knowledge 
(technical report, link here)

• 2018-20: Systematic calculations + assessment (EEA/FOEN report, 
links: full version, summary brochure)



Three main knowledge questions

A) What is a safe operating space for Europe?

B) What is the global environmental footprint of Europe?

C) Does Europe live within its safe operating space?

• Answers require the allocation of European / national / regional shares of the 
global safe operating space.

• Predominant allocation approach ‘per capita’ (proportion of the global population) 
does not necessarily reflect the needed plurality of perspectives.

AND RESEARCH PARTNERS



• Step 1: Definition of a basket of different allocation principles, each with multiple 
calculation approaches

Median values (independent of any PB)

• Step 2: Application of the resulting shares to the different planetary boundaries to 
derive European limits / environmental ceilings
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C) Does Europe live within its safe operating space?
• Comparison of European limits with European footprints for

33 European countries:
Results question A
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EEA/FOEN:  Is Europe living within the limits of our planet? 

Conclusions – key messages and policy

• Europe faces key systemic challenges related to nutrient pollution (nitrogen and 
phosphorus) and land system change.

• The European footprint should be reduced by about a factor of 3 for nitrogen losses 
and a factor of 2 for phosphorus losses and land change.

• Profound transformations of the current systems of consumption and production will 
be needed, including society’s consumption patterns. 
The food system is a key leverage point.

• The policy objectives under the European Green Deal provide a unique opportunity to 
deliver on European territory, for example: 
• EU climate law / climate neutrality
• Farm-to-fork and Biodiversity Strategy 
• Zero pollution action plan



JRC, Ispra: LCA for assessing environmental impacts of European
production and consumption against planetary boundaries
European Commission, Joint Research Centre, Ispra, Italy (JRC) assessed environmental impacts of European 
production and consumption against planetary boundaries with a life cycle assessment-based (LCA) 
approach. 

The work has been focused on the footprint side of PBs and its application to products, services and sectors
from a Life Cycle Assessment (LCA) perspective. This also includes the analysis and identification of the 
environmental categories and control variables for the different earth-system processes (16 impact 
categories can be matched with planetary boundaries). 
The analysis was then performed on different economic sectors. 

Results show that global environmental impacts transgressed several LCIA (Life cycle impact assessment) 
based PBs. Impacts of EU consumption related to climate change, particulate matter, land use and mineral 
resources were close to or already transgressed the global boundaries.

The results are affected by uncertainty mainly, due to: (a) the intrinsic uncertainties of the different LCA 
modelling approaches and indicators; (b) the uncertainties in estimating LCIA based PBs, due to the 
difficulties in identifying limits for the Earth’s processes and referring them to LCIA metrics. 



https://eplca.jrc.ec.europa.eu/sustainableConsumption.html







Doughnut Economics Action Lab (DEAL), UK: Measuring progress with 
the Doughnut

The work of DEAL addresses the social shortfall and ecological overshoot of nations. 

It is based on the doughnut (combining the planetary boundaries with sustainability/social indicators). 

Per-capita allocation of planetary boundaries – comparable with the equality principle in the 
EEA/FOEN study. 

The doughnut-shaped ‘safe and just space’ framework (the ‘doughnut of social and planetary 
boundaries’) has received widespread attention as a holistic tool for envisioning human development 
on a stable and resilient planet. The doughnut combines two core concepts: (1) an ecological ceiling 
that avoids critical planetary degradation, which is informed by the planetary boundaries framework 
for Earth-system stability; and (2) a sufficient social foundation that avoids critical human deprivation, 
which is closely aligned with the 12 social priorities of the Sustainable Development Goals (SDGs).

The doughnut visualizes the goal of meeting the needs of all people within the means of the living 
planet. 

The historical dynamics of 11 social indicators and 6 biophysical indicators across more than 140 
countries from 1992 to 2015. 





Doughnut of social and planetary boundaries for Slovenia

Source: https://goodlife.leeds.ac.uk/national-trends/country-trends/#SVN

LS – Life Satisfaction
LE – Life Expectancy
NU – Nutrition
SA – Sanitation
IN – Income Poverty

EN - Access to Energy
ED – Education
SS - Social Support
DQ - Democratic Quality
EQ – Equality
EM - Employment

Dark green circles show the social foundation and
ecological ceiling.
Blue wedges show social performance relative to a
threshold associated with meeting basic needs.
Green wedges show resource use relative to a
biophysical boundary associated with sustainability.
Red wedges show shortfalls below the social threshold
or overshoot beyond the biophysical boundary, while
grey wedges show indicators with missing data.



https://goodlife.leeds.ac.uk/



In general, places that do 
well in terms of social 
achievement use resources 
at unsustainable levels, 
while places that use 
resources sustainably do 
not reach a sufficient social 
foundation.

No country currently 
meets the basic needs of 
its residents at a level of 
resource use that could be 
sustainably extended to all 
people globally.



Conclusions - 1

Within Europe, three important approaches to planetary boundaries (PBs) are developing. And the 
Ecological Footprint (EF) by GFN quantifies (the growing) human demand versus biological 
regeneration. 

Much further research and discussion are needed before a common European approach can be 
adopted. There exists the necessity to develop a common understanding of how to apply PBs. 

Different allocation approaches can be applied. 

Issues of reference years and availability of data can further impede effective use of the PB framework 
in policy design and implementation for the 2030 period: the EEA/FOEN study operates with the 2011 
data and the doughnut framework by DEAL uses data for 2015. The most recent are data for EF by GFN, 
with a 4-year delay.

The question of how to prepare/use the results for policy advising is a very relevant one: a broad range 
of results (e.g., in the research by JRC) might be confusing. 



Conclusions – 2

Attention is needed to visualisation aspects and presentation of results. 

The one-dimensional, utilitarian, agricultural perspective of biocapacity allows for a simple, robust 
quantification to summarize human demand in the context of planetary regeneration at the cost of 
obscuring the detailed interactions with the biosphere (EF by GFN).

Based on the above findings and taking into account the availability of data and calculations, as well as 
previous expert and policy work on the ecological footprint in Slovenia, it is proposed that this work be 
continued and enriched with the doughnut-shaped ‘safe and just space’ framework. Both concepts are 
linked to human outcomes in the form of HDI-Footprint analysis or doughnut economics.
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