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Abstract 

The goal of this study is to develop recommendations for a set of footprint limits for a Green 

Economy, by translating the environmental limits of our planet (ñPlanetary Boundariesò) to 

the context of Swiss demand (i.e. consumption). The proposed limit values serve as a rough 

orientation on a sustainable level of resource consumption from a scientific point of view; 

they are not meant as directly applicable political targets.  

We conclude that Switzerland should, as a priority, act on its footprints related to Climate 

Change, Ocean Acidification, Biodiversity Loss and Nitrogen Losses. This suggestion is 

based on the importance of these environmental processes for the good functioning of the 

global Earth system, the current global pressure on them as well as on the Swiss contribution 

to these pressures.  
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About this document 

This report was commissioned in November 2013 by the Swiss Federal Office for the 

Environment to the Global Resource Information Database (UNEP/GRID-Geneva) and the 

Institute of Environmental Sciences (University of Geneva). It has been written in 

collaboration with the NGO Shaping Environmental Action. 

 

The document is structured in eight parts: 

1. An introduction to the idea of a complementary perspective to consider global 

environmental issues, based on footprinting 

2. A presentation of the objectives of the project 

3. An introduction to the concept of Planetary Boundaries 

4. A presentation of the distributional principles to define a country share of the 

Planetary Boundaries 

5. A description of the approach applied in this report 

6. Limits, footprints & performances for Switzerland and the World for each Planetary 

Boundary studied 

7. Synthetic results for Switzerland and the world 

8. Conclusion and perspectives 
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1. Introduction 

1.1. New approaches for global environmental issues: planetary tipping 

points and footprinting  

1.1.1. The classical perspective is territorial 

The international environmental regime is highly dynamic. More than 500 multilateral 

agreements exist and the number of parties is constantly growing (UNEP, 2012a). Main 

clusters concern atmosphere, biodiversity, chemicals and waste, desertification as well as 

water. This regime sets the basis for multilateral environmental co-operation through the 

sharing of common objectives, actions and potentially targets. 

While the number of measures taken by countries in co-operation is increasing, the focus of 

action has been and is still the national territory. Most of the existing national indicators 

concerning international issues are thus looking exclusively at the situation from a territorial 

perspective, e.g. reporting on domestic greenhouse gases emissions under the Kyoto 

Protocol.  

1.1.2. Footprints provide a complementary perspective 
Environmental footprint indicators provide a complementary perspective to the territorial 

indicators. This footprint perspective is also known as life cycle perspective or consumption 

perspective. Footprints aggregate environmental impacts and/or resource uses along global 

production-consumption chains (EPA, 2006). By adopting a functional focus rather than a 

geographical focus, they allow to quantify the environmental impacts induced by the 

consumption of the inhabitants of a country wherever these impacts occur on Earth.  

A footprint perspective is particularly relevant for economies relying on external countries for 

a large part of the production of the consumed goods, i.e. for small, open or service-oriented 

economies. This perspective is increasingly relevant in our interlinked global economy (Friot, 

2009) since a rising part of the impacts on a territory are generated to satisfy consumers in 

other countries. As shown in Figure 1, some of the environmental impacts occurring in 

Switzerland are generated for the consumption of the inhabitants of other countries (exports) 

while some of the impacts generated for the consumed goods and services are occurring 

outside of Switzerland (imports).1 

Footprint indicators show thus the magnitude and location of the environmental impacts 

induced by a population as well as the reliance on foreign environmental resources. 

Furthermore they can also be used to quantify the environmental consequences of 

production and consumption choices in terms of burden shifting among countries. As a 

result, the consumption-based indicators provide a needed complementary perspective to 

existing territorial-based indicators. They will however not replace them: both are needed.  

                                                

1 The figure is a simplification: (a) going from the territorial to the footprint perspective requires passing through a 

production perspective, (b) consumption is equivalent to final demand, i.e. it includes the final consumption of 

inhabitants the final consumption by government, and by non-profit organisations serving households as well as 

gross fixed capital formation. See http://www.eea.europa.eu/publications/european-union-co2-emissions-

accounting for a description of the different accounting pespectives. 

http://www.eea.europa.eu/publications/european-union-co2-emissions-accounting
http://www.eea.europa.eu/publications/european-union-co2-emissions-accounting
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Figure 1. Swiss environmental impacts: territorial and footprint perspectives.  

While these indicators are still recent, they are increasingly adopted, i.e. for environmental 

policies2, the environmental assessment of goods3 and of companies4.  

1.1.3. A new concept: the Planetary Boundaries 

The concept of Planetary Boundaries was proposed by Rockström et al. in 2009 (Rockström 

et al., 2009b). The Planetary Boundaries are a set of physical and biological limits of the 

global Earth system that should be respected in order not to leave a ñSafe Operating Spaceò, 

and thereby put the planetôs human-friendly living conditions into peril. The most known limit 

is Climate Change but others are considered like Ocean Acidification for example. As 

developed further in chapter 3, Planetary Boundaries are the most recent scientific 

framework to think about global environmental limits. 

1.2. Current environmental situation and policy backgrounds 

Footprint-based environmental targets are nowadays brought on the political agenda since it 

has become clear at both national and international levels that natural capital consumption 

and pollutions of the ecosystems must be lowered to naturally sustainable levels if the 

foundations of life are to be safeguarded for current and future generations. 

1.2.1. A rising footprint in Switzerland and in the EU  

More than half of the environmental impacts caused by Swiss consumption occur abroad 

(Jungbluth et al., 2011). This share has been rising from 1996 to 2011 (Frischknecht et al., 

2014). The high share can be explained to a large extent by the fact that Switzerland is a 

growing small open economy with a high share of services relying on the production of 

goods, heavy industries and mining in other parts of the world. Tukker et al. (2014) show in 

the "Global Resource Footprint of Nations" that the EU is also relying on the rest of the world 

for its carbon, water and land footprints. Other countries like Brazil or China are, on the 

contrary, providing their resource base to other countries (Tukker et al., 2014). 

1.2.2. Political background in Switzerland 

In March 2013, the Swiss government adopted an Action Plan for a Green Economy to 

consider the fact that current patterns of consumption in industrialised countries, like 

                                                

2 See, for instance, the EU Communication on Integrated Product Policy (COM (2003)302). 
3 E.g. the EU Product Environmental Footprint (PEF) 
4 E.g. the Corporate Value Chain (Scope 3) Accounting and Reporting Standard 
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Switzerland, are causing an over-exploitation of natural resources and are therefore not 

sustainable. The action plan involves a process of setting targets, monitoring and informing 

on progress. Currently, a legislative amendment for a Green Economy is being discussed in 

Switzerland. This amendment schedules, amongst others, a mechanism for target setting 

and reporting. This amendment is proposed as an alternative to the popular initiative5 for a 

Green Economy, 6  which was submitted in 2012 by the Green Party of Switzerland. If 

accepted by the population, the target of an ecological footprint of one Earth for Switzerland  

(when extrapolated to world population) by 2050 would be stipulated in the Constitution. 

Switzerlandôs current environmental footprint corresponds to ~3 Earths.7 

Furthermore, since June 2013 the Swiss government has adopted in its official ñSwiss 

Position on a Framework for Sustainable Development Post-2015ò that the Planetary 

Boundaries should be respected. 

1.2.3. European and international backgrounds 
In autumn 2013, the EU approved the 7th Environment Action Program, which will guide the 

environmental policy agenda up to 2020. Titled ñLiving well, within the limits of our planetò,8 

the programme includes several direct references to the concept of Planetary Boundaries. 

Several European countries, including Finland, Germany and Belgium, have started research 

initiatives on the use of the concept of Planetary Boundaries for policy formulation.9 An 

independent study has been recently published on South Africa (Cole et al., 2014). 

The Swedish Riksdag (Parliament) adopted, in 2010 the so-called Generational Goal: "The 

overall goal of environmental policy is to hand over to the next generation a society in which 

the major environmental problems have been solved, without increasing environmental and 

health problems outside Swedenôs borders." The goal should be achieved by 2020.10 In 2013 

the Swedish Environmental Protection Agency published a study "National Environmental 

Performance on Planetary Boundaries (Nykvist et al., 2013), the first attempt to downscale 

global limits to national limits and to perform a comparison with national footprints.  

The relevance of Planetary Boundaries to national policies was also debated on January 

23/24 2014 during an international expert workshop entitled ñSafe Operating Space: Current 

State of Debate and Considerations for National Policiesò. This workshop was organised by 

the Network of European Environment and Sustainable Development Advisory Councils 

(EEAC) in collaboration with the German Federal Ministry for the Environment, Nature 

Conservation, Building and Nuclear Safety (BMUB) as well as the Advisory Council for the 

Sustainable Development of Catalonia (CADS).11 

                                                

5  A popular initiative is a direct-democratic instrument in Switzerland: Anyone can propose a constitutional 

amendment, pre-conditioned by the collection of 100'000 valid signatures, on which the population eventually 

has to vote on.  
6 http://www.gruene.ch/gruene/de/kampagnen/gruene_wirtschaft.html 
7 http://www.bfs.admin.ch/bfs/portal/en/index/themen/21/03/01.html 
8 http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32013D1386&from=EN 
9  See Pisano & Berger (2013) http://www.sd-network.eu/quarterly%20reports/report%20files/pdf/2013-October-

Planetary_Boundaries_for_SD.pdf p. 22 
10 http://www.miljomal.se/Global/24_las_mer/broschyrer/Swedens-environmental-objectives.pdf 
11 http://www.eeac-net.org/working-groups/516-2014-eeac-bmub-international-workshop-on-safe-operating-space 
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2. Objectives 

2.1. Swiss project: setting footprint limits for Switzerland 

This study, commissioned by the Swiss Federal Office for the Environment (FOEN) to 

UNEP/GRID-Geneva and the University of Geneva in November 2013, has the aim to 

develop recommendations for a set of environmental limits for a Green Economy, by 

translating the limits of our planet to the context of Swiss demand.12 If all these limits are 

respected by the proposed deadline, and assuming that countries around the world make 

comparable efforts, then the overall environmental impact could be considered managed and 

the Swiss consumption patterns could be fully sustained by nature on the long term. Thus, 

the limits can be interpreted as describing a sustainable level of resource consumption.  

The mandate is to develop a set of measurable limits and footprints for Switzerland covering 

those Planetary Boundaries most relevant from a Swiss consumption perspective. This 

scientific contribution will contribute to the discussion on setting more operational targets and 

indicators through policy (Figure 2).  

 

Figure 2. Scope of the project. 

2.1.1. Characteristics of the Swiss limits and indicators 

The Swiss limits and their related indicators must have the following characteristics: 

¶ Be based on a sound scientific justification, 

¶ Be quantitatively assessable, 

¶ Be demand-based, i.e. adopting a footprint perspective including impacts generated 

abroad by the domestic consumption, 

¶ Be expressed in absolute (total) and relative (per capita) terms, 

¶ Be adapted to the expected future size of Swiss and world population. 

They must have the highest practical feasibility, taking into consideration recent works on 

assessments and indicators at both international level (UNEP, 2012b, 2012c, 2012a; EEA; 

OECD, 2012; Mudgal & Tan, 2013) and Swiss national level (Jungbluth et al., 2011; 

Frischknecht & Büsser Knöpfel, 2013; Frischknecht et al., 2014; FOEN, 2013). 

2.1.2. Expert workshop 

A workshop was organised and held in Bern in March 2014. Its overall objective was to 

validate reference values, downscaling options and take stock of recommendations on 

resource sharing. More than forty experts participated. Four sessions were organized 

(climate change, land system changes, nitrogen and freshwater use) allowing to canvass 

expertôs opinions on strategies to be taken for computing the Swiss limits and on how to take 

                                                

12 Demand stands for final consumption and implies a footprinting approach. 
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into consideration the historical contribution of Switzerland. The list of participants is provided 

in the annex 2 of this study. 

2.2. This report 

This report aims at providing a complementary perspective to existing studies by Rockström 

et al. (2009) and by Nykvist et al. (2013) in order to enable a better understanding of the 

scientific aspects of the Planetary Boundaries concept, its downscaling to the national level, 

as well as to improve usability and communicability. 

Building on these existing studies this report provides: 

A. An understanding of the limits of our planet: 

1. What are the Planetary Boundaries? 

2. Are the Planetary Boundaries recognised global issues? 

3. How do Planetary Boundaries differ from other sets of indicators? 

B. Quantitative limits and footprints for the world and Switzerland: 

4. What are the global quantitative limits and are they validated? 

5. What is the current global performance and is there an overshoot?  

6. What is the current Swiss footprint and performance? 

C. Insights on the potential uses of the Planetary Boundaries with respect to current 

knowledge and the robustness of computed results: 

7. What are the priorities for action? 

2.3. Guiding principles 

This study is based on four principles in recognition of the global nature of the Planetary 

Boundaries and the need for their adoption by a large number of countries to make action 

meaningful: 

1. An international perspective that could be easily replicated rather than a purely Swiss 

perspective. This is an argument in favour of preferring international datasets rather 

than national ones even if the global datasets are usually less precise. 

2. A better understanding of the Planetary Boundaries by a large public in addition to 

scientific proposals. This leads to the computation of performance ratios for 

dashboarding in order to enable a rapid grasp of the situation. This necessarily 

involves simplifications.  

3. Setting global and national priorities based on global and national performances as 

well as on the current knowledge status. This leads to proposing three types of 

possible actions on the Planetary Boundaries: management, communication and/or 

knowledge development. 

4. An objective of complementarity with existing approaches at national and international 

levels. This leads to not computing some of the Planetary Boundaries proposed by 

Rockström et al. (2009) for two reasons: a) because their global nature is not widely 

recognised, e.g. Freshwater Use or b) because adopting footprinting indicators does 

not seem to provide additional relevant information, e.g. Stratospheric Ozone 

Depletion.  
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3. Understanding the limits of our planet 

Several concepts have already been developed to raise awareness about the limits of the 

planet. The Planetary Boundaries are the latest one and propose a new quantitative 

approach for identifying the thresholds to respect in order to avoid undesired effects on the 

global Earth system in the long run.  

This concept appears in a period in which environmental aspects continue to be problematic 

in many parts of the world as well as globally. In the UNEP Global Environmental Outlook 

(UNEP 2012b), the review of progresses made since 1992 showed that the majority of 

environmental issues have even worsened between 1992 and 2012. 

3.1. Awareness of global changes and limits 

Global change 

Current global environmental change is the consequence of interconnected causes occurring 

at a global scale: demographic growth (world population doubled from 1968 to 2011 (UNPD, 

2011)), technological and economic development (real GDP tripled since 1980 (UNEP 

Environmental Data Explorer13), combined with insufficient environmental governance (the 

first agreements on the global environment date from the early 1970ôs, e.g. the RAMSAR 

convention in 1971). 

The resulting increase in demand for natural resources and increase in releases into the 

environment has generated significant negative impacts on the physical and biological 

environment. The modification of the physico-chemical composition of the atmosphere leads 

to climate change, other processes lead to soil degradation, ecosystems decline and 

degradation, biodiversity loss, air and water pollution, to mention some of the main issues 

(UNEP, 2012c). 

¢ƘŜ мфтлΩǎ ŀǎ ŀ turning point 

This is far from new findings since such issues have already been studied since the 1950ôs, 

e.g. by Kenneth Boulding14. The view of a finite planet became prominent in the 1970ôs as 

exemplified by the first photo of planet Earth taken from Apollo 17. 1972 can be seen as a 

turning point with the first civil satellite monitoring the Earthôs land cover (the Earth 

Resources Technology Satellite (ERTS-1), later renamed as Landsat) or the United Nations 

Conference on the Human Environment in Stockholm eventually leading to the creation of 

the United Nations Environment Programme (UNEP). The importance of the 1970's with 

respect to the global environment is also supported by the fact that it is the period in which 

human consumption of natural resources presumably reached the renewable capacity of the 

planet (as computed with the ecological footprint methodology) for the first time (WWF, 

2014). 

Natural resources are limited and limiting human development 

In this context, Meadows and others applied a new approach for understanding the dynamic 

behaviour of complex systems with a simplified Earth model. They fed the model with 

                                                

13 http://ede.grid.unep.ch 
14  See the essay by K. Boulding (1966), The economics of the coming spaceship earth, 

http://dieoff.org/page160.htm 
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different inputs such as the accelerating industrialization, rapid population growth, 

widespread malnutrition, depletion of non-renewable resources, and a deteriorating 

environment. Their conclusions were published in "The Limits to Growth" (Meadows et al., 

1972). The main argument of the report is that biosphere has a limited ability to absorb the 

impacts of human population and economic growth. They forecasted a global collapse at the 

latest in 2100, if humans do not achieve sustainability in their use of natural resources. 

These conclusions were heavily criticised by many economists for neglecting the 

theoretically unlimited growth potential of know-how, as well as technological progress, new 

discoveries of resources in the future, and market reactions. Yet, there were other 

economists who supported the need for zero growth. For example, Georgescu-Roegen 

(Georgescu-Roegen, 1971, 1979) applied Newtonôs laws of thermodynamics to economics in 

order to demonstrate the impossibility of continuous economic growth based on extraction of 

natural resources. Other mathematical models were used to criticise the neoclassical growth 

theory (Nelson & Winter, 1982).  

Used by population biologists since the mid-twentieth century, the concept of ñcarrying 

capacityò is also addressing the idea of limited resources, focusing on the population 

(number of individual elements) that a given area can support in the long term. 

In order to go beyond this neo-Malthusian model of demographic limits and fixed resources, 

Ehrlich et al. (1971) proposed the IPAT equation, which formalises the idea that impacts to 

the environment (I) are not only a function of population size (P), but also of affluence (A, i.e. 

consumption per capita) and technology (T) (Ehrlich & Holdren, 1971).. 

Sustainable development, global science 

The sustainable development concept gained broad recognition in the late 80ôs, after the 

Brundtland Report (United Nations, 1987). The concept led to the development of sets of 

indicators that aimed at synthetically monitoring social and economic development as well as 

the quality of the environment, e.g. the CSD Indicators of Sustainable Development15. 

A new impetus for a global perspective emerged in the mid-1980s. The Chernobyl nuclear 

accident (1986) and the discovery of the ozone layer hole (and subsequent signing of the 

Montreal Protocol in 1987) contributed to global awareness that environmental impacts do 

not stop at national borders. The research on global environmental change revealed that a 

cluster of other concerns, e.g. deforestation, pollution, decline of biodiversity, are global and 

can threaten the ecosystems that sustain human well-being (Turner II et al., 1990). 

In 1990, the Inter-Governmental Panel on Climate Change (IPCC) published its first report 

(IPCC, 1990) and in 1992 the United Nations Conference on Environment and Development 

(UNCED) was held in Rio. These events contributed to raising awareness of global 

environmental issues within governments and amongst the wider public, and led to the three 

main global conventions related to biological diversity, climate change and desertification. 

Measuring the global environment: footprints and monitoring 

In the early 1990, the ecological footprint methodology was developed (Rees, 1992; 

Wackernagel, 1994). The ecological footprint expresses the multiple impacts of human 

consumption in a normalised unit of ñglobal hectaresò that would be needed to regenerate the 

natural capital consumed (energy, biomass, materials, water, etc.). This footprint is then 

                                                

15 www.un.org/esa/sustdev/natlinfo/indicators/factsheet.pdf 
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compared to the biocapacity of the Earth (the reference value, or the limit, in this case) to 

provide a very synthetic perspective of the number of Earths needed to sustain current 

lifestyle and consumption patterns.  

While very powerful for communication, the approach was criticised by the scientific 

community (Fiala, 2008). The computation of the footprints based on the Planetary 

Boundaries concept can be seen as an extension of the ecological footprint original idea. 

Environment in development policies 

In 2000, the Millennium Development Goals (MDGs) were introduced by the United Nations, 

with Goal 7 ñto ensure environmental sustainabilityò, setting concrete targets and indicators 

for the period 2000-201.16 However, the environmental aspects were not sufficiently reflected 

and the aggregation of environmental aspects in one goal did not allow for its proper 

integration with the social and economic dimensions. 

Based on a decision taken at the Rio+20 Conference17 in 2012, the current discussion on the 

post-2015 agenda is aiming at setting Sustainable Development Goals (SDGs). The SDGs 

shall be universal in nature, they shall integrate social, economic and environmental aspects 

and look at how human development can continue in a sustainable manner. Related 

measurable targets are discussed along with the definition of goals. A concrete proposal 

from the so-called Open Working Group on SDGs is currently discussed and expected to be 

adopted at the UN Summit in New York in September 2015. 

3.2. The concept of environmental limits  

In view of the various concepts addressing the global environmental impacts and the limited 

capacities of the Earth system to absorb them, it is necessary to make a clear distinction 

between three categories of terms: 

a) Limits (carrying capacity, limit to growth, Planetary Boundaries) 

b) Policy targets (MDGs, SDGs, GEGs18) 

c) Footprints (carbon footprint, water footprint, land use footprints, etc.) 

While the three categories are quantitative in nature and are measurable on the basis of 

quantitative indicators, they express different concepts and objectives.  

Limits 

Limits refer to threshold values (e.g. the concentration of CO2 in the atmosphere) beyond 

which unacceptable impacts are much more likely to occur. The threshold values should be 

determined by science, based on a large agreement from the scientific community, even if 

the uncertainty range is large. The impacts must be specifically defined: e.g. effects on the 

ecosystem stability (e.g. global warming), on the provision of resources and services (e.g. 

food production), or on human health (e.g. disaster risk). 

                                                

16 http://www.un.org/millenniumgoals/ 
17 The conference is the third Earth Summit, following the 1992 Earth Summit in Rio de Janeiro and the 2002 

Earth Summit in Johannesburg. 

18 GEGs are internationally agreed environmental goals and objectives drawn from existing international treaties 

and non-legally binding instruments (http://geg.informea.org/about). 
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At local scale and in specific domains, these limits are sometimes expressed as ñcritical 

levelsò (e.g. concentration of atmospheric pollutants) and/or ñcritical loadsò (e.g. deposition of 

atmospheric pollutants on ecosystems). 

In the field of global change the term ñtipping pointò is often used for a value at which a 

system changes from one stable (steady) state to another. 

Targets 

A target can be defined as ña value that the indicator should reach, accompanied or not by a 

deadline to achieve this value (target year)ò (Eurostat, 2014). Targets are set through policy 

processes with short-term and achievable objectives in mind. They may be based on 

scientific evidences, but not only. Targets are most often the results of negotiations, which 

relate other dimensions such as power relations, economic considerations, public pressure, 

social values and perceptions.  

The link between limits and targets is not straightforward. Even if a scientific limit is identified, 

it does not directly translate into an identical policy target, either, for instance, because the 

limit is seen as too difficult to attain (e.g. too expensive in economic terms), or because the 

limit is a value to be avoided rather than to be reached. 

Footprints 

Footprint indicators are tools for measuring actual environmental impacts in a synthetic 

manner (Hoekstra & Wiedmann, 2014) going beyond the classical territorial perspective. 

Footprints are based on scientifically validated rationales and they apply an approach called 

Life Cycle Thinking. 

Footprints have started to be more known to the general public in the 2000ôs (e.g. carbon 

footprint, water footprint). Due to the large development of the last 15 years, footprints can 

now be computed for thousands of different releases to the environment and resource uses 

mainly using top-down (Environmentally Extended Input-Output Analysis) (Sue, 2009) or 

bottom-up approaches (mainly process Life Cycle Assessment) (European Commission - 

Joint Research Centre - Institute for Environment and Sustainability, 2010) 19 . Data is 

however still scarce outside Europe and the aggregation of data into meaningful figures 

requires generally large amount of work. 

3.3. The concept of Planetary Boundaries 

3.3.1. Description of the concept 

Physical limits of the global Earth system 

The Planetary Boundaries, a concept proposed by Rockström et al. (2009), belong to the first 

category (i.e. limits) of the above-mentioned terms. The aim of the Planetary Boundaries 

concept is to identify a series of physical limits of the global Earth system. 

Starting from the observation that the current geological era (the Holocene, from about 

12ô000 years) has been highly suitable for human development, Rockström et al. (2009) 

have attempted to synthesise the fundamental global environmental conditions favourable to 

further human development. The stability of the climate has, for example, been a key factor 

                                                

19 For an evaluation on recent footprint indicators see also (Frischknecht et al., 2013). 
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for the diffusion of agriculture, which in turn profoundly transformed the world by converting 

large portions of natural land, and by supporting economic and demographic growth. 

The Planetary Boundaries are a quantification of this ñSafe Operating Spaceò circumscribed 

by nine limits. The original Planetary Boundaries are presented in annex 1. 

Acceptable levels of impacts 

A Planetary Boundary can be defined as a ñhuman-determined acceptable level of a key 

global variableò (Carpenter & Bennett, 2011). The Planetary Boundaries concept is not about 

saving the Planet (life will continue after humanity), but is about limiting the adverse impacts 

of human activities to a level that still enables the system Earth providing the essential 

functions for humanity in the most predictable and stable manner possible. 

Crossing the suggested limits would substantially change the way the Earth system is 

functioning. This would lead to a drastic change in human societies by disrupting some of the 

ecological bases underlying the current socio-economic system. According to Rockström & 

Sachs (2013) this would potentially lead to a significant reduction of the standard of living of 

the most developed countries, higher inequalities, instability and violence. (Rockström & Sachs, 2013) 

Not about material and energy resources 

The Planetary Boundaries do not focus on resources in the sense of material and energy 

resources but on the functioning of the global Earth system. That is why some central 

aspects generally covered in sustainable development or environmental assessments, such 

as energy or material consumption, are not conceived explicitly as Planetary Boundaries. 

Only their impacts are taken into account in terms of global processes such as climate 

change or land cover change.   

3.3.2. Overview of Earth System processes considered 
The Earth System processes considered in this study are: 

 

1. Climate Change 

2. Ocean Acidification 

3. Stratospheric Ozone Depletion 

4. Nitrogen and Phosphorus Losses 

5. Atmospheric Aerosol Loading  

6. Freshwater Use 

7. Land Cover Anthropisation (called ñland useò in Rockstrºm et al. (2009)) 

8. Biodiversity Loss 

9. Chemical Pollution 

 

The Earth System is an integrated system and the Planetary Boundaries are thus all related 

in a way or another. Some Planetary Boundaries are however more tightly linked. Climate 

Change and Ocean Acidification are both related to emissions of carbon dioxide (CO2). Land 

Cover Anthropisation is related to Climate Change because it focuses on the stock of carbon 

within vegetation as well as on albedo. Land Cover Anthropisation is also related to 
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Biodiversity Loss because the type of land cover influences the biodiversity potential. 

Freshwater Use, the Nitrogen and Phosphorus Losses are all related to water. Atmospheric 

Aerosol Loading and Chemical Pollution are related to air pollution, by particulates and 

chemicals respectively. Chemical Pollution also concerns water, soil and the biosphere. 

The separation in nine limits proposed by Rockström et al. (2009) is a simplification that can 

be adopted in this early stage of the quantification of the boundaries. But the known 

interrelations between the Planetary Boundaries call for a more holistic approach in the 

future. 

Some of the limits proposed by Rockström et al. (2009) for these processes were first 

guesses and two Planetary Boundaries were not quantified (Chemical Pollution and 

Atmospheric Aerosol Loading). The level of uncertainties is high in terms of selecting the 

relevant indicators as well as of setting sound threshold values, by calculation or estimation. 

The linkages between the different Planetary Boundaries increase the uncertainties since 

crossing of one of the limits may drastically reduce the limit of the other Planetary 

Boundaries. 

3.3.3. Differences with the classical themes of the Swiss environmental policy 
The Planetary Boundaries do not cover all usual environmental themes of the Swiss 

environmental policy. The nine Planetary Boundaries are covering some of the classical 

themes of environmental assessments 20  (air, biodiversity, chemicals, climate, forest and 

wood, landscape, water). Other themes (such as biological safety, major accidents, natural 

hazards or noise) are however not covered because they are not directly related to the 

functioning of the global Earth System. For instance, noise is a problem for public health, but 

it does not jeopardise the natural environment on a global scale. 

The definition of some Planetary Boundaries may also differ from the definition of themes 

existing at national level, even if the naming is similar. For instance, Land Cover 

Anthropisation is not about the management of forests or land use in Switzerland: it is about 

carbon sequestration, albedo and biodiversity at the global level. 

                                                

20 http://www.bafu.admin.ch/umwelt/indikatoren/index.html?lang=en, download: 28.10.2014 
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4. Distributional principles for defining the share of Switzerland 

The Planetary Boundaries are limits at a global scale. Their respect or potential overshoot is 

the cumulative result of the actions of all countries and people on Earth wherever 

environmental impacts are generated. 

The objective of setting limits per country from the global limits makes it necessary to identify 

the exclusive share of the planet allocated to each country, e.g. Switzerland. An exclusive 

share means that the shares allocated to all countries sum up to the global limit. It should be 

noted that, even if national limits are set, overshoots by some countries might still be 

compensated on the global level by undershoots in other countries. 

An overview of potential principles and approaches for the allocation to countries is 

presented below. 

4.1. General principles 

Planetary Boundaries can be understood as the maximum quantity of resources that could 

be used. Resources are usually allocated through the application of legal right or economic 

transactions. Several entities can be the beneficiaries: countries, people as well a 

commercial and non-commercial organisations. There is however currently no recognised 

mechanism for the allocation of global resources nor for the allocation according to 

footprinting approaches. 

In addition, once a so-called 'initial allocation' is performed, supplementary questions can be 

asked to identify the mechanisms for a so-called 'secondary allocation'. A secondary 

allocation would deal, for example, with questions related to the right of, and ways for, 

beneficiaries to trade the allocated shares, for example between countries or over time. In 

this study, the focus is on the initial allocation only. 

4.2. Equal share per capita as starting point 

The first conversion of the Planetary Boundaries to the national level has been done for 

Sweden. Nykvist et al. (2013) apply a so-called "equal share per capita". This means dividing 

the global limit by the global population: the same rights on natural resources are allocated to 

each inhabitant of Earth, i.e. anyone has the same share of resource use or rights for 

pollution. 

This approach is easy to understand and to compute but has certain drawbacks: 

1. The different needs of the inhabitants of Earth and the different amount of resources 

needed for the satisfaction of these needs is not considered. Living in Northern 

countries requires, for example, heating houses for a longer period than in Southern 

Europe. In addition, the perception of what is required varies in each culture. 

2. Past emissions, respectively use of resources, are not considered while they differ to 

a great extent between countries.  

3. The role of countries as the current main way to allocate resources between people is 

not considered. 
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4.3. Refined allocation approach 

A broadly accepted way to go beyond the equal share per capita approach is currently 

lacking. This report adopts thus a pragmatic approach since justification for the allocation can 

be based on various grounds, e.g. ethical, political, economic or legal ones and the choice of 

the right rationales goes beyond this study. 

The reader may refer, for more information on this issue, to the relevant literature on burden 

sharing, e.g. Shue (1999) or publications related to the Greenhouse Development Rights 

(GDR) Framework21 and the Contraction & Convergence (C&C) model22. (Shue, 1999). 

The approach applied in this report is based on the principles of Sustainable Development23: 

It assumes that past, current and future populations of Earth have, by definition, similar rights 

to resources. This approach adds thus a temporal dimension to the equal share per capita 

approach, taking into account historical and future resource use where feasible and relevant. 

A second distinction is introduced to consider the role played by countries in the allocation of 

resources. The approach is further developed in chapter 5.3.2. 

                                                

21 http://gdrights.org/publications/. GDR is a framework for defining effort sharing in climate change mitigation, 

based on justice principles. Starting from the postulate of a right to development, GDR proposes a quantification 

of responsibilities and capacities to be equally shared between people, once a certain development threshold is 

attained. 
22 http://www.gci.org.uk/. C&C is a framework for defining and negotiating differentiated paths of greenhouse 

gases reduction (contraction), until per capita emissions reach a level that is equal for all countries 

(convergence). 
23 http://www.un-documents.net/ocf-ov.htm (ñOur Common Future, From One Earth to One Worldò, see chap I.3 

Sustainable Development). 
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5. Approach 

A three-stage approach is applied in order to a) better characterise the Planetary Boundaries 

and to understand which limits can effectively be currently quantified, b) to compute global 

and national limits as well as footprints, and c) to suggest priorities for action. The general 

approach of this study is summarised in Figure 3. Each one of the six steps is then described 

in a specific section of this chapter. 

 

Figure 3. General approach of this study in six steps. 

5.1. Identification of Planetary Boundaries with accepted global limits  

Planetary Boundaries cover phenomena with varying spatial scopes. Applying a classification 

based on physical/biological aspects (unrelated to policy), some of the environmental 

aspects considered can be qualified as phenomena with a global scope: this is the case, for 

example, of climate change because it is the total amount of greenhouse gas emissions that 

is important, not their location. Some other phenomena are rather local or regional in scope: 

the local/regional conditions play a key role in the assessment of the environmental issue.24  

While the existence of a global limit for Planetary Boundaries with a global scope is 

straightforward, the existence of a global limit for the environmental issues with a regional 

scale is much more debated. Planetary Boundaries can thus be classified in three groups: 

1. Global issues with global limits: The described phenomenon is global by nature and a 

global limit exists by definition. This is the case for Climate Change, Ocean 

Acidification, and Stratospheric Ozone Depletion. 

2. Regional issues with a global limit: The described phenomenon is at regional scale. A 

global limit can be identified because cumulated effects of the phenomenon have 

impacts on a global scale. This is the case for Nitrogen and Phosphorus Losses, 

Land Cover Anthropisation and Biodiversity Loss. 

3. Regional issues with a regional limit only: According to current knowledge and data, 

the described phenomenon is at regional scale. A physical global limit cannot be 

identified at the time being. This is the case for Atmospheric Aerosol Loading, 

Freshwater Use and Chemical Pollution. 

                                                

24 The term 'regional' does not preclude that regional pollutants can travel or be transported (due to trade) over 

long distance and can be transboundary, i.e. being a global issue. This is for example the case for mercury. The 

regional nature nor precludes that action is not required from a global policy perspective. Some of these 

regional environmental issues are thus subject to international protocols like the Convention of 13 November 

1979 on Long-Range Transboundary Air Pollution. 
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The classification of the nine Planetary Boundaries is presented in Table 1. For more 

information, refer to the detailed description per Planetary Boundary (chapter 6): 

 

 Table 1. Group, scope and type of limit of the Planetary Boundaries. 

In the rest of this report, the Planetary Boundaries with a global limit will be further studied, 

except for the Planetary Boundary Stratospheric Ozone Depletion by the application of the 

fourth guiding principle, i.e. the objective of complementarity with existing approaches at 

national and international levels. Ozone depleting substances are currently phased out25 by 

the Montreal Protocol signed by 197 countries. Only few countries are concerned for their 

production and there is thus no clear insight that a footprint-based approach could further 

improve the management of this issue.  

Since, by definition, Planetary Boundaries are phenomena with a global limit, the Planetary 

Boundaries viewed as regional issues only, i.e. without any global limit will not be developed 

in this report: 

¶ Freshwater use: The FOEN experts consider it as a regional issue with a regional 

limit only. There is a lack of sufficient information that a global limit does effectively 

exist outside of the framework of the Planetary Boundaries established by Rockström 

et al. (2009).26 

¶ Atmospheric Aerosol Loading and Chemical Pollution: Rationales are currently 

lacking for setting a potential limit. This statement is similar to the conclusion in 

Rockström et al. (2009) and Nykvist et al. (2013).27 

                                                

25 Target value = 0. 
26 Should this Planetary Boundary be categorised as a global limit, a water scarcity indicator like the Water Stress 

Index (Pfister et al., 2009), relating water use to local conditions, would be a better proposal than a single 

indicator of total water use (Rockström et al., 2009a) or water withdrawal (Nykvist et al., 2013). A limit would be 

computable based on existing water scarcity scales, like the one proposed by OECD. (OECD, 2004) 
27 Should the scope of these Planetary Boundaries be considered as global in the future due to new findings, the 

global limit and footprints will be computable for atmospheric aerosols since indicators, e.g. PM10 and PM2.5, 

are well established and continuously monitored. With respect to chemical pollution and according to FOEN 

experts, the list of chemicals that could be included in the indicator is less clear. Some chemicals like POPs and 

mercury should probably be phased out in the long-term while for other heavy metals (e.g. cadmium and lead), 

an assessment based on the Planetary Boundaries concept could make sense. 
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5.2. Selection of indicators 

Selecting the indicator representing a Planetary Boundary is a prerequisite to the 

computation of limits and footprints. During the selection process, three aspects are 

balanced, covering both the conceptual and empirical levels as shown in figure 4: 

a. The representativity of the indicator with respect to the Planetary Boundary definition. 

b. Data quality and availability for computing the global and national limits. 

c. The possibility to compute national values through footprinting approaches. 

 

 

Figure 4. Conditions for the selection of indicators. 

The level of representativity of the indicator with respect to the Planetary Boundary definition 

is assessed in a qualitative way with the help of the DPSIR framework (EEA, 2005). This 

framework provides a synthetic perspective to assess environmental processes and their 

relationship with human activities: 

¶ Driving Forces (D) are the human activities generating the Pressures. 

¶ Pressure (P) is the measure of the inflows or outflows modifying the State. 

¶ The State (S) of the environment represents its status and quality. 

¶ Impacts (I) are the consequences of changes of the State (e.g. health problems). 

¶ Responses (R) are the modifications applied by society to modify the impacts. 

An indicator at the State level seems the closest to the essence of a Planetary Boundary. 

Such kind of indicators are however not easy to monitor or compute for all Planetary 

Boundaries. In addition, the relationship between State(s) and Pressures as well as Driving 

Forces cannot be quantified for all of them. This is however essential to enable actions 

through Responses. 

In this project the selected indicators are at the level of the State in the DPSIR framework 

unless a) data is lacking at this level, or b) scientifically valid rationales enable to go one 

(Pressures) or two (Driving-Forces) levels up the chain. An example related to climate 

change explaining the links between potential indicators is presented in Figure 5. 
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Figure 5. DPSIR framework: the example of climate change. 

The indicators selected in this report are presented in Table 2, with information on their 

position in the DPSIR framework. The rationales for selecting these indicators are detailed 

per Planetary Boundary in the methodological parts of chapter 6. 

 

Table 2. Selected indicator per Planetary Boundary. 

5.3. Computing the limits 

Once a representative indicator is identified, two limits are to be computed per Planetary 

Boundary: the global limit and the country limit, i.e. the share of the global limit allocated to a 

particular country.  

5.3.1. Global limits 
Due to the different maturity of the issues covered by the Planetary Boundaries, several 

sources have been selected to identify the global limits. They are presented here by order of 

preference: 

1. Value taken from the literature, widely recognised 

2. Value computed based on information from an international agreement or an 

international policy process 

3. Value not widely accepted, taken from - or computed based on ï a limited number of 

references from the literature 

The types of source per Planetary Boundary are summarised in Table 3: 
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Table 3. Type of source for the global limits. 

5.3.2. Downscaling limits to countries through allocation  

In this report, a pragmatic approach to downscaling is applied based on the principles of 

Sustainable Development (see chapter 4 for more information on the principles) and by 

providing answers to two questions having a strong influence on the allocation mechanism: 

a) What is the object of the allocation: a yearly budget or a budget over time? 

b) What are the entities considered as the beneficiaries of the allocation: countries or 

people?  

5.3.2.1. Time perspective of the allocation  

The selected indicators are modelled in two possible ways: either as yearly budgets or as 

budgets over time. The selection of one or the other way is purely related to the selected 

indicator and not to any other rationales: all Planetary Boundaries could be modelled in both 

ways. 

Yearly budget 

In the case of an indicator representing a yearly budget, the same amount is available every 

year as long as the capital generating this flow is preserved. This is the case, for instance, for 

the Planetary Boundary Nitrogen and Phosphorus Losses. This case can be viewed as a 

situation of steady state: each year can be considered independently. The yearly flow is 

totally allocated to the yearly total number of beneficiaries: neither the past nor the future is 

taken into account because the use of the flow cannot be delayed to a later period. 

Budget over time  

In the case of an indicator representing a budget over time, a finite amount is shared among 

past, current and future beneficiaries. The rate of use of the budget is key since the budget 

cannot be renewed: it can be used rapidly or delayed but when the whole budget has been 

used, the resource cannot be used anymore. Time is a key variable in this case since: 

¶ The size of the budget is determined by setting a starting date (the reference year). 

¶ The period of availability (and thus the average yearly rate of use) is determined by 

setting an end date. 

By setting a starting date in the past, the historical use of the budget can be accounted for. 

By setting an end date in the future, the use of the budget can consider present and future 

beneficiaries.  
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Considering the past and the future 

In this study, the past is considered for those Planetary Boundaries for which at least one of 

the two following pre-requisites is met to define a reference year:28  

¶ Rights have been entitled or responsibilities recognised in the past. This can have 

happened either explicitly, e.g. through an international agreement at a specific date, 

or implicitly, as the situation was such, that the need for action was clear.  

¶ Widespread knowledge was available in the past. 

To consider the future, two aspects are implemented: 

¶ The end year, i.e. until when future entities are included in the calculations. 

¶ An even allocation of the budget between beneficiaries over time. 

For budgets over time, global yearly allowance can differ as long as the cumulative 

allowance, i.e. the total budget, is respected. Assumptions related to technology or affluence 

as in the I=PAT model29, developed originally by Ehrlich et al. (1971), could be used to 

identify varying yearly allowances. Improving the efficiency of technology can, for example, 

lead to more stringent targets in the long run compared to the short run based on the 

assumption that cleaner technologies will be developed and that temporary overshoots 

and/or additional risks are acceptable, since such technology could be used for future 

massive reductions of resource use. In this report, there is no such assumption with regard to 

technology or to the type of reduction pathway. The only assumptions to model the future are 

based on the equal share per capita approach (for global limits) and the hybrid-allocation 

approach (for national limits), as described in the rest of this chapter. 

Classification of the Planetary Boundaries with respect to the time perspective 

The classification of the Planetary Boundaries with respect to the time perspective of the 

selected indicator is presented in Table 4. 

 

Table 4. Time perspective of the selected indicator per Planetary Boundary. 

                                                

28 A more comprehensive discussion on possible political and ethical rationales for setting a reference year is 

beyond the scope of this project.  

29  The I=PAT model explains environmental Impact (I) as a function of Population (P), Affluence (A) and 

Technology (T). 
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5.3.2.2. Beneficiaries of the allocation 

People as final beneficiaries 

People are ultimately the final beneficiaries of any possible allocation of resources. In the 

equal rights per capita approach, people are selected as the direct beneficiaries of the 

allocation.  

Selecting people as the direct beneficiaries of the allocation has however a strong 

disadvantage: the evolution of the share per capita, and thus the share per country, is 

influenced by global demographics (Earth population). Over time, the national share of 

countries with high demographic growth will increase compared to countries with low 

demographic growth. 

Selecting people as the direct beneficiaries is thus not considering the fact that a globally 

growing population is one of the key causes of the increased pressure on Earth. This 

approach also does not consider that indirect socio-economic allocation pathways, e.g. 

through countries, commercial and non-commercial organisations, are usually the rule.  

Countries as indirect allocation pathway 

When countries are considered as allocation pathways, resources are indirectly allocated to 

people through the intermediary of countries. This is the most usual case: countries are the 

classical actors in international relations and are the usual entities dealing with international 

agreements concerning global issues. Countries are autonomous with respect to internal 

affairs and are one of the main determinants of the economic, political and cultural evolutions 

of regions and people.  

An indirect allocation to people through countries has two advantages. 

¶ First, an indirect allocation through countries reduces the role played by global 

demographics in the allocation. The allocation per capita evolves according to the 

internal demographics of each country. Countries with high demographic growth, for 

example, will have a decreasing share per capita over time. With this approach, the 

per capita share is thus not equal in the long term among people of different countries 

unless internal demographics evolve similarly. 

¶ Second, an indirect allocation through countries enables considering the past (for the 

allocation of budgets over time). By fixing a country share at a past date, this enables 

the computation of the share of the budget over time already use by the people of a 

country. 

An indirect allocation to people through countries allows thus reducing the second and third 

drawbacks (see chapter 4.2) of the equal share per capita approach. An indirect allocation 

can thus result in a largely different allocation than a direct one. 

Considering the influence of age on needs 

To reduce the first drawback (see chapter 4.2) of the equal share per capita approach, an 

approach considering the different needs of humans has been explored in a simple way. 

Applying a principle used in economic studies, the population has been split in two age 

groups: children and adults. Using economic information from the OECD equivalence scales 

(i.e. the proportional resources needed for each additional member of a household), children 

have been considered to have an economic demand that is equivalent to 50 % of the 

demand of adults in terms of expenses (OECD, 2013). Extending this reasoning to non-
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financial resources, the need of children for resources can be set as half the needs of an 

adult. In this approach, the allocation is thus shifted away from countries with a large children 

base compared to the equal share per capita approach. 

Since the age structure of the Swiss population (proportion of children: 15% in 2015, 19% in 

2050) is increasingly similar to the age structure of the world population (proportion of 

children: 26% in 2015, 21% in 2050), the interest of this approach is however low for 

Switzerland compared to the added complexity. This approach has thus not been 

implemented in this report. Further research should however be performed to better 

understand the influence of this proposal for other countries over the long run. 

5.3.3. Downscaling approaches applied in this report 

Two approaches 

Two downscaling approaches are applied in this report to compute the national limits: 

1. An equal share per capita approach, representing a direct allocation of the global limit 

to people. 

2. A so-called ñhybrid-allocationò approach, representing an indirect allocation of the 

global limit by allocating the global limit to countries first (based on a ratio calculated 

for a fixed reference year), then to people, per country. 

The hybrid-allocation approach recognises that: 

¶ People are the ultimate beneficiaries of global resources. 

¶ Countries are the primary allocation mechanism of resources in the current 

international political system. 

¶ Global demographics play a key role for respecting the limits of the Planet. 

The equal share per capita approach 

The equal share per capita is equivalent to the global limit per capita. This global limit per 

capita is computed differently for yearly budgets and budgets over time. 

For indicators considered as yearly budgets (e.g. the area of anthropised land), the global 

limit per capita is computed by dividing the global limit by the yearly global population.  

 

Figure 6. Yearly budgets: global limit and limit per capita. 

 

The global limit is thus identical 

every year. 

The limit per capita evolves each 

year according to the yearly global 

population 30  (a higher global 

population reduces the limit per 

capita). 

 

                                                

30 Population data sources: United Nations Population Division (UNPD, 2011), estimation of the world and country 

population until 2050, then a stable population is assumed until 2100. 
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For indicators considered as budgets over time (e.g. emissions of greenhouse gases), the 

global per capita limit is computed by distributing the remaining budget in 2015 evenly 

among all inhabitants of Earth until 2100. The budget is thus assumed exhausted in 2100. 

The sum of inhabitants over the years is computed using the United Nations Population 

Division (UNPD, 2011) estimation of the world population until 2050, then assuming a stable 

population until 2100. The computation is 7.32 billion in 2015 + 7.40 in 2016 +é + 9.55 in 

2050 + é 9.55 in 2100 = 784.8 billion people-year. Then the global limit for each year is 

computed by multiplying the limit per capita (constant over the period) by the yearly global 

population. 

 

Figure 7. Budgets over time: global limit and limit per capita. 

The global limit per capita 

accounts for the use of the 

budget by present and future 

populations: the global limit per 

capita is fixed over the period, 

i.e. it is identical every year. 

Consequently, the global limit 

varies each year, according to 

the yearly global population. 

 

The hybrid-allocation approach 

The hybrid-allocation approach is computed in the following way: 

¶ The country share of a Planetary Boundary is defined as the share of the country 

population relatively to the global population at a reference date. The share of the 

resources available per country is fixed at this date. 

¶ For yearly budgets, the yearly limit per capita is computed by dividing the previously 

fixed country resources by the yearly population of the country. The yearly limit per 

capita varies thus each year while the limit per country is fixed. 

¶ For budgets over time, the yearly limit per capita is computed once by allocating the 

previously fixed country resources evenly between all the inhabitants of a country 

until 2100. The yearly country limit is computed as the sum of the limits per capita of 

the country. The yearly country limit varies thus each year while the per capita limit is 

fixed. 

At the reference date, the limit per capita computed with the hybrid-allocation approach is 

thus similar to the per capita value obtained with the equal share per capita approach. For 

the following years, the limit per capita computed with the hybrid-allocation approach evolves 

per country, according to internal demographics. It can thus differ from the equal share 

(global limit per capita) value. 

To consider past knowledge/rights/responsibilities, a reference date is selected in the past 

when possible to compute the country share. 

For Switzerland, applying the hybrid approach to indicators considered as budgets over time, 

the remaining Swiss budget over time in 2015 is allocated evenly between all inhabitants of 

Switzerland until 2100. The Swiss limit per capita is thus fixed over time and the Swiss limit 



 Environmental Limits and Swiss Footprints Based on Planetary Boundaries 

 23  

varies according to the Swiss yearly population. For yearly budgets, the Swiss limit is 

constant over time and the Swiss per capita limit varies according to the Swiss yearly 

population.  

Demographic scenarios 

The demographic scenarios applied for the computation of the national shares and the 

evolution of the per capita values is based on UN data. The United Nations World Population 

Prospects 2012 scenario ñmediumò is selected (UNPD, 2013) since it is the most probable 

scenario according to the United Nations and it is comparable to the Swiss Federal Statistical 

Office scenario ñB-00-2010 highò (OFS, 2010). The different scenarios for the Swiss and 

World population, as well as the share of Switzerland in the World population, are presented 

in Table 5.  

 

Table 5. UN World Population Prospects, the 2012 Revision ï ñmediumò scenario. 

5.4. Computing the footprints 

Global footprints 

At a global scale, the territorial and footprint perspectives sum up, by definition, to the same 

total value. Since an allocation is not needed for global footprints, they can be computed with 

the same global data as the data used for computing the limits. 

National footprints are based on models 

At national scale, the territorial and footprint perspectives differ. Specific footprinting 

approaches, based on Life Cycle Thinking31, are needed. Several methods exist, mainly 

based on bottom-up approaches, i.e. Process Life Cycle Assessment (European 

Commission - Joint Research Centre - Institute for Environment and Sustainability, 2010) or 

top-down approaches, e.g. Environmentally Extended Input-Output Analysis (Sue, 2009). 

Data for computing the footprints 

The Swiss footprints computed in this study are based on: 

¶ The FOEN proprietary database 32  to compute the inventory of resources and 

emissions. The database combines officially published Swiss environmental data 

according to a territorial perspective with modelled environmental data for imports 

and exports. The environmental values for exports and imports have been computed 

for representative sub-sets of products and services by using ecoinvent 2.0 data 

(www.ecoinvent.org). The territorial values have been transformed into residential 

values when feasible. 

                                                

31 http://www.lifecycleinitiative.org/ 
32 Available in SimaPro 7.3 CSV export/import format. The database is fully described in Frischknecht et al. (2013 

and 2014). 

http://www.ecoinvent.org/
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¶ Life Cycle Impact Assessment approaches to convert this inventory into values 

compatible with the computed limits. These approaches are described in the detailed 

descriptions per Planetary Boundary (chapter 6). 

Other data sources than the FOEN database could have been used for computing the 

inventory of resources and emissions: Process Life Cycle Inventory databases or multi-

regional environmentally extended input-output (MRIO) models like the exiobase 

(www.exiobase.eu). 

5.5. Assessing the performances 

Taking into account overshoots, uncertainties and trends 

The objective of setting performance indicators is to deliver a clear message per Planetary 

Boundary and enable dashboarding. Planetary Boundaries are classified into one of four 

categories from a categorical scale of performance according to a semi-quantitative process 

considering: 

¶ A quantitative score computed as the ratio of a footprint over a limit. 

¶ A qualitative evaluation of the uncertainty of the quantitative results for the limits and 

footprints. The uncertainties of the results are rather large due to a) the use of global 

data sets with medium accuracy in comparison with data generally used at country 

level, and b) the process of setting limits based on expert advices and/or policy 

decisions. 

¶ A qualitative evaluation of the trends (past and future) of the footprint. A rapidly 

deteriorating situation expresses that the situation is evolving in a matter of years 

while a slow evolution expresses an evolution in terms of several decades.   

Categories of performance 

The four categories of performance are shown in Figure 7:  

Performance Score Confidence in 
score 

Trend 

Clearly Unsafe 

Large overshoot High  Rapidly deteriorating 

Small to medium 
overshoot 

Medium to low Rapidly deteriorating 

Unsafe 
Small to medium 
overshoot 

Medium to low Slow evolution 

 No overshoot Medium to low Rapidly deteriorating 

Safe No overshoot Medium to low Slow evolution 

Cleary Safe No overshoot  High  Slow evolution 

Figure 8. A performance defined with four categories. 

 

 

http://www.exiobase.eu/
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5.6. Principles for setting priorities 

The short existence of the Planetary Boundaries concept implies that they have different 

levels of maturity. In recognition of these differences, the global nature of Planetary 

Boundaries as well as the Swiss international environmental policy, three possible actions 

are proposed: 

Priority 1: a Planetary Boundary with a Clearly Unsafe or Unsafe performance at 

global scale should be managed. 

Switzerland should promote international discussions and scientific developments on 

these issues even if it is not overshooting them on its own. In the case of national 

overshooting, national action should be taken, respectively intensified to reduce the 

Swiss footprint.  

Priority 2: a Planetary Boundary for which the performance of Switzerland is 

Unsafe but a with a Safe situation at global level should be better understood to 

identify potential risks of a future global overshoot. 

If a global overshoot is not foreseen, the Planetary Boundaries framework does not 

provide a justification33 for reductions of the national footprints. In the case of a probable 

global future overshoot, Switzerland should devote resources to inform other countries 

and potentially prepare a national reduction plan. 

Priority 3: a Planetary Boundary for which a limit cannot be identified yet should be 

set on the research agenda. 

A better understanding of the potential existence of a global limit and the current global 

footprint as well as of the Swiss performance is required to decide if managing the 

Planetary Boundary is needed. 

In this report, the following position is taken on the performance of the Planetary 

Boundaries without identified limits: the lack of currently widely recognised scientific 

information on a limit and its potential overshoot very probably means that this limit is 

currently not overshoot. This does not preclude however anything about a future potential 

overshoot and the speed of evolution. 

 

                                                

33  This does not contradict that action could be needed for other reasons, e.g. the need to respect local 

thresholds.   
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6. Limits, footprints & performances for Switzerland and the World 

6.1. Climate Change  

Our climate is changing due to anthropogenic emissions of greenhouse gases (GHG) as well 

as changes in land cover (IPCC, 2013). Due to the long term residence of GHG emissions in 

the atmosphere (multi-century to millennial time scale), elevated temperatures will remain for 

many centuries after a complete cessation of net anthropogenic GHG emissions (IPCC, 

2013). This climate change will induce significant social, economic and environmental long-

term impacts, and a wide range of sectors will be affected (IPCC, 2014). 

6.1.1. Description 

This Planetary Boundary is set to avoid regional modifications at global scale including, 

among others: climate disruptions; reduction of land glaciers mass and related threat to 

water supply; complete loss of arctic sea ice, and weakening of carbon sinks; increase 

impacts from extreme events; changes in temperatures and precipitation patterns; shift in 

biodiversity and agriculture, as well as sea level rise and related coastal erosion. 

Climate Change is a global issue since GHG emissions are accumulating in the atmosphere 

whatever their location of origin. The global limit for Climate Change is set with an indicator 

expressed in terms of the remaining cumulative GHG emissions (including land cover 

changes) for a 50% chance to stay below a 2°C increase by 2100 compared with pre-

industrial level. 

6.1.2. Methodology 

6.1.2.1. Selection of the indicator 

Several references and limits have been suggested in the literature: CO2 concentration in the 

atmosphere, with a limit of 350 ppm; a Radiative Force (RF) of 1 W/m2 (Hansen et al., 2013; 

Rockström et al., 2009b) or a global temperature increase of 1.5 or 2°C.  

According to Hansen et al. (2013), a limit of 350 ppm, compatible with a target of 1°C 

temperature increase, corresponds to a ñSafe Operating Spaceò. No new evidences were 

found which contradict this limit, and therefore this value is kept as the theoretical reference. 

This theoretical reference of 350 ppm has already been exceeded, the current value (April 

2014) being 401.3 ppm (NOAA, 2014). Keeping the global temperature increase under 1°C is 

thus extremely unlikely, i.e. 0-5% chances. This is however still possible following IPCC 

RCP2.6 scenario (IPCC, 2013). 

The target of a 2°C temperature increase as compared with pre-industrial time is the main 

target currently discussed (Stocker et al., 2013). IPCC (2013) warns however that ñthere are 

already clear indications of undesirable impacts at the current level of warming and that 2°C 

warming would have major deleterious consequencesò. These impacts are well described in 

IPCC AR5, WG2 report (IPCC, 2014). Here are some examples of these consequences: 
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¶ Negative impacts to agriculture (although individual locations may benefits).  

¶ Global mean sea level rise for 2081ï2100 relative to 1986ï2005 will likely be in the 

range of 0.44 m (0.26 to 0.55). 

¶ A reduction of 70% of Northern Hemisphere September sea ice extent as compared 

with 2005. 

¶ Biodiversity losses, with many species and systems with limited adaptive capacity 

subject to very high risks, particularly in polar, mountainous and coral-reef systems. 

Despite the fact that the 2°C target does not correspond to a truly ñSafe Operating Spaceò, 

the objective to keep the global temperature below a 2°C increase over pre-industrial level by 

2100 is selected as the reference since: 

a) It enables building an indicator compatible with the existing indicators applied for 

climate policies in Switzerland. 

b) Selecting a more stringent objective would not add much due to the severity of the 

current situation and the already very large changes required to reduce GHG 

emissions in order to respect the limit of this Planetary Boundary. Keeping the global 

temperature increase below the 2°C limit will already be very difficult to achieve.  

To assess this Planetary Boundary, an indicator of yearly GHG emissions is selected. 

Climate Change being a largely studied issue, the link between the increase in global 

temperature, the increase in atmospheric carbon concentration, the GHG emissions and 

other land cover changes are now well known. ñIt is extremely likely that human influence 

has been the dominant cause of the observed warming since the mid-20th centuryò (IPCC, 

2013).34 A limit computed with an indicator at the Pressure level in the DPSIR framework 

(EEA, 2005) can thus be based on strong scientific evidence. In addition, good data on GHG 

emissions from human activities are available enabling the computation of national footprints. 

6.1.2.2. Setting limits 

The global limit is computed first and then downscaled to compute the Swiss limit. The global 

limit per capita represents an equal share perspective. The global limit accounts for future 

emissions while the Swiss limit accounts for future emissions and for part of the historical 

emissions. Limits are expressed in terms of average yearly values corresponding to a 

theoretically acceptable rate of exhaustion of the budget of the remaining GHG emissions. 

The exhaustion of emissions is set in 2100.  

Global limit 

According to IPCC (2013), limiting temperature increase can be achieved by limiting the 

cumulative GHG emissions from human activities and land cover changes, with the addition 

of GHG mitigating action. Due to the complexity of the climate systems and uncertainties, the 

amount of greenhouse gases (GHG) emissions for staying below 2°C warming is a question 

of level of confidence. 

Knowing that 515 GtC have already been emitted between the industrial revolution and 2011 

(IPCC, 2013), the remaining emissions estimated for the different levels of confidence are 

shown in Table 6. These values represent cumulative emissions of CO2 equivalent and can 

be considered as a budget over time.  

                                                

34 Extremely likely expresses a level of likelihood comprised between 95% and 100% probability. 
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Source: IPCC, 2013 

Table 6. Level of emissions (in GtC) according to the different levels of confidence. 

For the selected indicator, the remaining cumulative emissions (including land cover 

changes) for a 50% chance35 to stay below a 2°C increase by 2100 compared with pre-

industrial level, remaining emissions are 305 GtC, corresponding36 to 1473 GtCO2eq in 2010. 

The current global budget for 2015 is equal to 1315.6 GtCO2eq, computed by subtracting 

global emissions from 2011 to 2014 (extrapolated from 2010 values). 

On average, this results in 15.5 GtCO2eq GHG yearly emissions until the exhaustion of the 

budget in 2100, i.e. in 85 years. 

Computing an equal share per capita value requires considering current and future 

populations of the Earth. Dividing the budget by the sum of all yearly inhabitants until 210037 

results in a global per capita yearly limit of 1.7 tCO2eq. The global per capita value is fixed 

over time but the yearly global limit varies according to the yearly global population. The 

resulting limit for the world is 12.3 GtCO2eq for 2015. This is smaller than the average yearly 

value since the world population will be larger in the future. 

Comparison with earlier studies 

In the original Planetary Boundaries by Rockström et al. (2009), the limit was set to 350 ppm 

CO2 and 1 W/m2. A pathway and return to 350 ppm level by 2100 is described by Hansen et 

al. (2013). This pathway would requests to restrict emissions from fossil fuel emissions to 

129 GtC by 2050 and to 14 GtC by 2100, while, at the same time, trapping 100 GtC in forest 

and soils through reforestation and agricultural practices. Such approach results in a budget 

of 43 GtC compared to the here computed 305 GtC. The computed limit is thus around 7 

times larger than the implementation of the proposal from Rockström et al. (2009). 

In the first computation of national limits, Nykvist et al. (2013) have selected the yearly 

emissions of CO2 based on a budget over time. The methodology presented here extends 

this application in three ways by considering: 

¶ GHG emissions as well as land cover changes rather than CO2 only 

¶ Past emissions 

                                                

35 The 50% chance is selected for its compatibility with Swiss climate policies. 
36 The GHG total, expressed in MtCO2 equivalent is calculated using the GWP100 metric of UNFCCC (IPCC, 

1996). The GHG are composed of CO2 totals excluding short-cycle biomass burning (such as agricultural waste 

burning and savannah burning) but including other biomass burning (such as forest fires, post-burn decay, peat 

fires and decay of drained peatlands), all anthropogenic CH4 sources, N2O sources and F-gases (HFCs, PFCs 

and SF6). 
37 The sum of inhabitants over the years is computed using the United Nations Population Division (UNPD, 2011) 

estimation of the world population until 2050, then assuming a stable population until 2100. The computation is 

7.32 billion in 2015 + 7.40 in 2016 +é + 9.55 in 2050 + é 9.55 in 2100 = 784.8 billion people-year. 


