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Abstract 

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 long-term priority objective is that by 2050 at the latest, people live 

well, within the planetary boundaries. After the introduction of the PBs concept with 9 critical 

boundaries by Rockström et al. in 2009, Earth system science has developed new approaches 

to define or refine the existing conceptualisations of individual planetary boundaries as well as 

their interactions, and progress has been made in understanding trade-offs between them and 

potential implications of these trade-offs for measures to achieve global sustainability. Within 

Europe, three approaches seem particularly prominent: the joint European Environment Agency 

and Swiss Federal Office for the Environment (EEA-FOEN) assessment of Europe's 

environmental footprints concerning PBs, the Doughnut Economics conceptual approach by 

Kate Raworth (University of Leeds), and the work by Eurostat and the Joint Research Centre 

(JRC) on developing European input-output tables, as part of the European Strategy on 

Environmental Accounts. Global Footprint Network (GFN) proposes measuring human 

demand for renewable bio-resources relative to biocapacity as a complementary framework to 

PBs.  

In the paper, a critical overview of these approaches will be presented, followed by proposals 

for their possible application in the Slovenian policy design.   

Keywords: 8th Environment Action Plan, Planetary Boundaries, Environmental Footprints, 

Doughnut Economics, Europe, Slovenia  

  

mailto:info@irdo.si
mailto:darja.piciga@gmail.com
http://integralna-zelena-slovenija.si/
mailto:Natasa.Kovac@gov.si
http://www.arso.gov.si/


Planetary Boundaries and Safe Operating Space for Europe and Slovenia: Research in 

Progress 

 

 

17th IRDO International Conference, SOCIALLY RESPONSIBILE SOCIETY CHALLENGES 2022:  
Green, digital, and inclusive transition: how to make it happen? 

2−3 June 2022, Maribor, Slovenia, EU, ONLINE, www.irdo.si, info@irdo.si 

 

2 

1 Introduction  

According to the European Environment Agency’s (EEA) latest ‘State of the Environment’ 

report (SOER, 2020), the continuation of the Great Acceleration1 due to rising consumption 

levels by a growing population raises the critical questions of whether and at what point human-

induced pressures exceed environmental limits or tipping points. Are there certain critical limits 

— for example, related to global resource use, levels of pollutants and emissions, or ecosystem 

degradation — beyond which resilience is eroded and abrupt changes in the Earth system can 

no longer be excluded? In this context, the planetary boundary framework examines the 

tolerance levels of the Earth’s life support systems and has identified climate change and 

biodiversity loss as issues of serious concern. (EEA, 2019, pp. 40–43) 

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’ (Rockström et al., 2009; Steffen et al., 2015). The framework proposes precautionary 

quantitative planetary boundaries within which humanity can continue to develop and thrive, 

also referred to as a ‘safe operating space’. It suggests that 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.  

The nine planetary boundaries are: (1) climate change; (2) change in biosphere integrity; (3) 

stratospheric ozone depletion; (4) ocean acidification; (5) biogeochemical flows − interference 

with phosphorus (P) and nitrogen (N) cycles; (6) land system change; (7) freshwater use; (8) 

atmospheric aerosol loading; and (9) introduction of novel entities such as new substances or 

modified life forms. Loss of biosphere integrity relates to the widespread degradation of 

biodiversity and ecosystems with associated loss of ecosystem function. Two boundaries − 

climate change and biosphere integrity − have been identified as core boundaries, meaning that 

each of these has the potential on its own to drive the Earth system into a new state, should they 

be substantially and persistently overshot and that the other boundaries operate through their 

influence on these two core boundaries (Steffen et al., 2015). Seven of the nine planetary 

boundaries have been quantified at the global scale by identifying control variables (e.g., 

atmospheric CO2 concentration for climate change) and estimating specific limits that humanity 

should stay within. It is estimated that humanity has already overshot the limits that define a 

safe operating space for four planetary boundaries, namely those for biosphere integrity, climate 

change, land system change, and biogeochemical flows (Steffen et al., 2015).  

After the introduction of the PBs concept with 9 critical boundaries by Rockström et al. in 2009, 

Earth system science has developed new approaches to define or refine the existing 

conceptualisations of individual planetary boundaries as well as their interactions, and progress 

has been made in understanding trade-offs between them and potential implications of these 

trade-offs for measures to achieve global sustainability. (Steffen et al., 2015)  

 

1 The period after the 1950s marks a unique period in human history with unprecedented and accelerating human-

induced global change, which has become known as ‘the Great Acceleration’: The period after the 1950s marks a 

unique period in human history in terms of human-induced global change and economic activity. This ‘Great 

Acceleration’ has delivered enormous improvements in living standards and well-being for millions of people. In 

turn, this has caused dramatic degradation of ecosystems and exceptionally rapid loss of biodiversity, including in 

Europe. Many of the changes observed in the global climate system since the 1950s are unprecedented over 

decades to millennia and largely caused by human activities. In addition, many known pollution problems persist, 

while new ones, such as certain types of chemical pollution, are emerging. (EEA, 2019, p. 34 − 38). 

mailto:info@irdo.si


Planetary Boundaries and Safe Operating Space for Europe and Slovenia: Research in 

Progress 

 

 

17th IRDO International Conference, SOCIALLY RESPONSIBILE SOCIETY CHALLENGES 2022:  
Green, digital, and inclusive transition: how to make it happen? 

2−3 June 2022, Maribor, Slovenia, EU, ONLINE, www.irdo.si, info@irdo.si 

 

3 

Much uncertainty remains regarding some of the control variables, and the limits of the 

planetary boundaries represent estimates based on currently available scientific knowledge. 

These are likely to be further refined as scientific understanding evolves.  

The planetary boundary (PB) concept, introduced in 2009, aimed to define the environmental 

limits within which humanity can safely operate. This approach has proved influential in global 

sustainability policy development. (Steffen et al., 2015)  

On 2 May 2022, the 8th Environment Action Programme (8th EAP) entered into force, as the 

EU’s legally agreed on common agenda for environment policy until 2030. It reiterates the 

EU’s long-term vision to 2050 from the 7th EAP (‘In 2050, we live well, within the planet’s 

ecological limits…’), with the term planetary boundaries now 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. A healthy environment underpins the well-being of all people and is an 

environment in which biodiversity is conserved, ecosystems thrive, and nature is protected and 

restored, leading to increased resilience to climate change, weather- and climate-related 

disasters and other environmental risks. The Union sets the pace for ensuring the prosperity of 

present and future generations globally, guided by intergenerational responsibility.’ (8th EAP, 

Article 2)  

Building on the European Green Deal, the 8th EAP is aimed to speed up the transition to a 

climate-neutral, resource-efficient economy, recognising that human wellbeing and prosperity 

depend on healthy ecosystems. 

With the European Green Deal, the European Commission for the period 2019-2024 stated that 

‘Europe must lead the transition to a healthy planet’. Nonetheless, it is not clear what it means 

for Europe to live ‘within the limits of our planet’. What is the environmentally ‘safe operating 

space’ for Europe (including Slovenia) and how can the question be determined in practice 

whether Europe / Slovenia live within this space?  

2 Diverse conceptual and methodological approaches to assess planetary boundaries  

2.1 EEA/FOEN: Is Europe living within the limits of our planet?  

Within Europe, three approaches seem particularly prominent: the joint EEA-FOEN assessment 

of Europe's environmental footprints regarding PBs, the Doughnut Economics conceptual 

approach by Kate Raworth (University of Leeds), and the work by Eurostat and the JRC on 

developing European input-output tables, as part of the European Strategy on Environmental 

Accounts. 

The joint work by the EEA and the Federal Office for the Environment (FOEN), Switzerland 

(EEA/FOEN, 2020) has focused on exploring and analysing different approaches for 

downscaling the planetary boundaries to the EU level. The starting question was: Is Europe 

living within the limits of our planet? The relevant political context was the 7th EAP (when the 

work started in 2018) and is now the European Green Deal (‘Europe must lead the transition to 

a healthy planet’) and the 8th Environment Action Plan (8th EAP, 2022). Work focused on three 

knowledge questions: 

• What is a safe operating space for Europe (only environmental dimension)? 

• What is the global environmental footprint of Europe? 
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• Does Europe live within its safe operating space?   

The analysis covered the combined territory of the 33 member countries of the European 

Environment Agency (the 28 EU Member States plus Iceland, Liechtenstein, Norway, 

Switzerland and Turkey). The study addresses three planetary boundaries in a European-scale 

analysis: phosphorus and nitrogen cycles (these biogeochemical flows are addressed as two 

separate Earth system processes in this study), land system change, and freshwater use. In 

addition, a case study for Switzerland on biosphere integrity (genetic diversity) is included.  

Substantial policy focus on different scales of governance has been dedicated to the challenge 

of climate change, and increasingly also to global biodiversity loss. These are also high 

priorities in political guidelines (European Green Deal) for the European Commission in the 

period 2019–2024. Climate change and biodiversity loss are crucial systemic issues in 

themselves, but they are also intimately linked to other Earth system processes. In the planetary 

boundaries framework, climate change and biosphere integrity are the two core boundaries, 

given that they are highly important for the Earth system and their systemic interactions with 

other Earth system processes (e.g., land system change and biogeochemical cycles). Therefore, 

progress towards addressing the issues of climate change and biodiversity loss could be 

hampered by a lack of progress towards addressing the exceedances of other planetary 

boundaries such as biogeochemical cycles, land system change and freshwater use.  

A lot of attention was given to the challenge of how to allocate the globally defined planetary 

boundaries to the European scale and to examine the influence of specific allocation principles 

on the results. Five different allocation approaches (equality, needs, rights to development, 

sovereignty, capability) have been applied to four earth-system processes (nitrogen cycle, 

phosphorus cycle, land system change, and freshwater use). The results indicate that Europe is 

overshooting its estimated limits for nitrogen, phosphorus and land system change almost 

regardless of which allocation principle is applied. For freshwater use, the limits are not 

transgressed at the European scale, but severe water stress exists in Southern Europe.  

The findings of this study highlight that Europe should prioritise these additional key systemic 

challenges, in particular, the nitrogen and phosphorus cycles and land system change. The 

findings of this study suggest that the European footprint should be reduced by about a factor 

of 3 for nitrogen losses and a factor of 2 for phosphorus losses. In addition, a reduction by 

almost a factor of 2 is needed for land cover anthropisation. Currently, the systemic challenges 

related to the nutrient cycle (nitrogen and phosphorus cycles) and land system change are not 

being sufficiently addressed by policies in an integrated and systemic way. The development 

and implementation of the Eighth Environment Action Programme (8th EAP) under the 

European Green Deal provide an opportunity to better operationalise the meaning of ‘living 

well, within the limits of our planet’ by capturing more comprehensively the systemic nature 

of the nutrient and land system challenges, their interlinkages and the need to address them 

holistically. It also provides an opportunity to address the environmental pressures that Europe 

exerts abroad. 

2.2 JRC, Ispra: Life Cycle Assessment (LCA) for assessing environmental impacts of 

European production and consumption against planetary boundaries 

The planetary boundaries (PBs) represent a well-known concept, which helps identify whether 

production and consumption systems are environmentally sustainable in absolute terms, namely 

compared to the Earth’s ecological limits and carrying capacity.  
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In the study on assessing environmental impacts of European production and consumption 

against planetary boundaries with a LCA-based approach by the European Commission, Joint 

Research Centre, Ispra, Italy (JRC), the impacts of production and consumption of the European 

Union in 2010 were assessed utilizing LCA-based indicators and compared with the PBs (Sala 

et al., 2020). The work has been focused on the footprint side of PBs and its application to 

products, services and sectors from a 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 concept 

of carrying capacity was applied to various impact categories where planetary boundaries were 

missing). The analysis was then performed on different economic sectors.  

Five different perspectives were adopted for assessing the impacts: a production perspective 

(EU Domestic Footprint) and four distinct consumption perspectives, resulting from alternative 

modelling approaches including both top-down (input-output LCA) and bottom-up (process-

based LCA). Life cycle impact assessment (LCIA) results were assessed against LCIA-based 

PBs, which adapted the PBs framework to the LCIA indicators and metrics of the 

Environmental Footprint method (EF).  

The work allows: 

• monitoring (over time, of SDGs, transgression of PBs), 

• hotspot identification (e.g., areas of consumption, impact on different SDGs, comparing 

production and consumption), 

• test scenarios (e.g., test of eco-innovation and policy options), 

• evaluation of lifestyles and consumption patterns. 

Results of the study show that global environmental impacts transgressed several LCIA based 

PBs. When assessing the overall environmental impacts of EU consumption compared to the 

global LCIA-based PBs, impacts of EU consumption related to climate change, particulate 

matter, land use and mineral resources were close to the global boundaries or already 

transgressed them. The EU, with less than 10 % of the world population, was close to transgress 

the global ecological limits. Moreover, when downscaling the global PBs and comparing the 

impacts per capita for an average EU citizen and a global one, the LCIA-PBs were significantly 

transgressed in many impact categories. 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. The results may anyway be used to 

define benchmarks and policy targets to ensure that consumption and production in Europe 

remains within safe ecological boundaries, as well as to understand the magnitude of the effort 

needed to reduce the impacts.  

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

Doughnut 

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

(Fanning et al., 2021) is based on the doughnut (combining the planetary boundaries with 

sustainability/social indicators). The analysis of nations assesses their status regarding the 

doughnut and their historical evolution. This approach was based on a per-capita allocation of 

planetary boundaries – comparable with the equality principle in the EEA/FOEN study.  
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The doughnut-shaped ‘safe and just space’ framework (also called 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. Empirical research that 

combines social and biophysical indicators in the doughnut framework is maturing, and the 

framework has been applied to evaluate the performance of cities, regions, countries and the 

world as a whole. 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. The “doughnut research” has therefore shown that 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. Using the doughnut-shaped ‘safe and just space’ framework, Fanning et al. 

(2021) analysed the historical dynamics of 11 social indicators and 6 biophysical indicators 

across more than 140 countries from 1992 to 2015.  

Fanning and co-authors compared three downscaled planetary boundaries (climate change, 

biogeochemical flows and land-system change) with environmental footprint indicators at the 

country scale. They also included two separate footprint measures (ecological footprint and 

material footprint) and analysed these for their suggested globally sustainable levels. Since the 

biogeochemical boundary flows are measured with two indicators (nitrogen and phosphorus), 

they analysed six biophysical indicators with respect to downscaled boundaries at the national 

scale. All six indicators are consumption-based footprint measures that account for international 

trade as well as changes in population over time. No suitable time-series data were available 

for the blue-water footprint at the country scale (although there are estimates available at the 

global scale).  

They found that countries tend to transgress biophysical boundaries faster than they achieve 

social thresholds. The number of countries overshooting biophysical boundaries increased over 

the period from 32–55 % to 50–66 %, depending on the indicator. At the same time, the number 

of countries achieving social thresholds increased for five social indicators (in particular life 

expectancy and educational enrolment), decreased for two indicators (social support and 

equality) and showed little change for the remaining four indicators. They also calculated 

‘business-as-usual’ projections to 2050, which suggest that deep transformations are needed to 

safeguard human and planetary health. Current trends will only deepen the ecological crisis 

while failing to eliminate social shortfalls.  

Data for Slovenia, presented in Figure 1, unveil that Slovenia is transgressing all six boundaries 

that data are available about. According to social foundation, data show no shortfalls for 9 out 

of 11 indictors, a modest shortfall for employment and a more expressed shortfall for life 

satisfaction.  
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Figure 1: Doughnut of social and planetary boundaries for Slovenia 

 

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

Leeds) 

Legend: 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 

In the Doughnut plot above, 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.  

3 Ecological Footprint by GFN: How much do people demand compared to what nature 

can renew?  

Fanning et al. used the ecological footprint (EF) indicator calculated by the Global Footprint 

Network (GFN) as one of the footprint indicators. Global Footprint Network (GFN), however, 

proposes measuring human demand for renewable bio-resources relative to biocapacity as a 

complementary framework to PBs.  

EF has been adopted as a strategic indicator for both the Slovenian Development Strategy 

(adopted in 2017) and the National Environment Protection Programme (adopted in 2020) with 

the target of 20 % reduction by 2030 (from 4.7 gha to 3.8 gha). Furthermore, it has been 

included in the methodology for preparing regional development programmes 2021–2027 at 
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the NUTS 3 level of statistical territorial units. EF is regularly monitored since it is included in 

annual Development Reports.  

The ecological footprint is one of the most widely used and recognized integrated sustainability 

indicators for human pressure on ecosystems. It measures the sum of all human demands that 

compete for biologically productive surfaces and compares this demand with the amount of 

biologically productive surfaces available. The measurement unit used in this accounting metric 

are “global hectares” (gha), which are biologically productive hectare with world average 

productivity (a standardised unit of biologically productive area). Using such a common 

measurement unit enables these accounts to compare not only different productive sectors or 

consumption activities within an economy in terms of the pressure they generate on the 

environment, but also to contrast them across geographies and time. (Lin et al., 2020)  

The ecological footprint is a synthetic indicator of the environmental dimension of development 

(of human pressure on ecosystems) calculated by the Global Footprint Network for about 200 

world countries, including Slovenia. It consists of the footprint of cropland, grazing land, forest 

products, fishing grounds, the footprint of built-up land and the carbon footprint. EF measures 

a population's annual demand for natural resources, including food, timber, fiber, and 

absorption of carbon emissions. It can be compared to biocapacity, which measures annual 

capacity of a region to regenerate such resources. (Lin et al., 2020) 

Despite growing adoption of the SDGs and other policies that strive to increase well-being 

without sacrificing the environment, measuring the Ecological Footprint and Human 

Development Index (HDI) reveals that very few countries come close to achieving sustainable 

development. A combination of these two synthetic indicators shows the present development 

trend in which a higher development level (higher HDI) is accompanied by a higher Ecological 

Footprint. Development, therefore, occurs without consideration for the environmental 

capacities of the planet. As developing countries follow developed countries in burdening the 

environment for economic growth, all countries must embark on a path of sustainable 

development immediately and decisively. (EEA, 2019) 

According to GFN, Footprint accounting (or more precisely accounting for the availability and 

demand on biocapacity) quantifies (the growing) human demand versus biological 

regeneration. This can be further differentiated into production-based and consumption-based 

accounting, addressing different policy needs. However, it does not quantify, in contrast to the 

planetary boundaries, any guardrails or related trigger points or trigger mechanisms. Still, if 

human demand exceeds regeneration, the resulting natural capital loss or degradation will 

eventually become a trigger of system change since one cannot indefinitely take more from 

ecosystems than they can renew. In this way, biocapacity balances summarize the overall 

outcome of transgressing planetary boundaries. They quantify this transgression in one number 

representing the ratio between human demand and the regenerative capacity of our planet, or 

regions thereof. (Hoff et al., obtained 2022)  

In the Ecological Footprint framework, sustainability is assessed from the principle of 

identifying the most limiting factors – of which biological regeneration is considered the most 

vital. All other elements, including destabilization of Earth’s systems, effect regeneration and 

regenerative capacity. (Hoff et al., obtained 2022)  
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4 Findings and conclusions  

The concept of planetary boundaries (PBs) has recently become highly prominent. Within 

Europe, we can observe that three important approaches are developing. The EEA/FOEN study 

had an emphasis on methods for allocating the globally defined PBs to sub-global scales, such 

as the European, national, or regional ones. The JRC research shows how planetary boundaries 

can be used and operationalised by combining them with LCA approaches and methods. DEAL 

developed a framework for extending the biophysical nature of the planetary boundaries 

concept with an approach to simultaneously measure economic and social progress (a ‘social 

ceiling’). Furthermore, attention needs to be paid to the ecological footprint (EF) by GFN: it 

quantifies (the growing) human demand versus biological regeneration, and has been adopted 

as one of key indicators for sustainable development of Slovenia (SDS 2030).  

A critical overview of the four approaches presented above reveals that 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. Inter alia, 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. 

Furthermore, 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. Attention is 

needed to visualisation aspects and presentation of results.  

There is richness and detail in Planetary Boundaries, but not one summarizing number. In 

contrast, 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. The 

biocapacity approach by GFN also allows for scaling: on both the demand side (How much of 

the demand originates from which population?), and the supply side (How much of the planet’s 

biocapacity is under the dominion of which territory?).  

Additional conceptual consideration: Footprints complement planetary boundaries in that they 

can be scaled more easily from planetary level all the way down to products or services. 

Footprint categories also directly link to economic parameters. Both concepts are linked to 

human outcomes in the form of HDI-Footprint analysis or doughnut economics. From a 

biological perspective, Planetary Boundaries are metrics that inform on the condition or state 

of our environment, which are then key factors to maintain a flow of biocapacity. Together they 

may provide a package that has the potential to provide decision-makers with accurate, relevant 

and empowering information. They can make sustainable development relevant to investment 

decisions by showing risks, opportunities, costs and benefits.  

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.  
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