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Abstract
Sustainability indicators are among the central pillars of the functional perspective of
sustainability management, dealing with the question of how sustainable development
can be measured. The formulation of quantified and terminated objectives in the form of
indicators is an important instrument for sustainable analysis, political decision-making
and the binding effect of a sustainability strategy. Studies on successful sustainability
strategies have shown that the good governance criteria of integrated perspective as
well as vertical integration and continuous monitoring and evaluation are of particular
importance. In the context of good governance criterion of vertical integration the aspect
of regionalization and coherence is of special relevance. At the same time,
interdependencies and thus composite sustainability indices play a central role in an
interlinked view of the sustainability dimensions.
This paper discusses the requirements for the regionalization of global and composite
sustainability indicators. Footprint indicators (ecological, resource-related, etc.) and the
planetary boundaries framework according to Rockström et al. (2009a, 2009b) are
examined as illustrative examples for the adaptation to the sub-national level. The
planetary boundaries show the resilience of the earth in nine indicator ranges. Humanity
should act within these process limits, since exceeding these limits entails a risk for
future generations. The environmental footprint indicators are comprehensive indicators
that take into account the environmental impacts of domestic production and
consumption.
The state of North Rhine-Westphalia, Germany's most populous region and one of the
most important conurbations in Europe, is regarded as a case study. With its high
energy and resource intensity and high emissions of industrial greenhouse gases, the
state of North Rhine-Westphalia has great potential and at the same time, a great need
to make a contribution to sustainable development.
The paper presents the possibilities and limitations of different calculation approaches in
the context of the regionalization of global and composite sustainability indicators and
outlines the first steps for the regionalization of the two concepts examined. The results
can contribute to the (further) development of sustainability strategies at sub-national
levels of government and increase comparability and coherence in a multi-stage system.
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1 Introduction
Since the overall picture of a sustainable development is due to its abstractness
characterized by lack of direct measurability, tools (indicators) are required for the
measurement (Günther/Schuh 2000). Sustainability indicators are among the central
pillars of the functional perspective of sustainability management, dealing with the
question of how sustainable development can be measured (Schostok 2017). In this
context an indicator can be understood as “a measureable part of a system” (DalalClayton/Bass 2002) and in a more functional perspective as “a reductionist technique
and tool” (Bell/Morse 2008). On the one hand the formulation of quantified and
terminated objectives in the form of indicators is an important instrument for sustainable
analysis, political decision-making and the binding effect of a sustainability strategy.
Studies on successful sustainability strategies have shown that the good governance
criteria of integrated perspective as well as vertical integration and continuous
monitoring and evaluation are of particular importance. (ESDN n.y.; OECD 2001; UN
DESA 2002; Steurer/Trattnigg 2010; Quitzow 2010; Borbonus et al. 2014, 2015) On the
other hand, due to the reductive analysis function, indicators can be criticized: Indicators
have an inherent context reduction function and can lead to too much simplification,
especially in controversial and highly complex contexts (Bell/Morse 2008; Merry 2011;
Mair et al. 2018). Indicators are regarded as objective and complete descriptions of the
contexts they measure, but since the indicators are used by people or organizations with
different interests, they can be guided in their informative value and are often valuable in
reality and thus partly incomplete in describing the contexts they measure (Merry 2011;
Porter 1995; Mair et al. 2018). Therefore indicators must comply with the quality criteria
of empirical measurements. The indicator should comply with the principle of a)
objectivity - the findings reflected by the indicator should be independent of the persons
conducting the investigation (Häder 2015); b) reliability - being so reliable that repeated
measurements of an object using a measuring instrument produce the same values
(Schnell/Hill/Esser 2005); c) validity - being valid in that the measuring instrument
actually measures what it is supposed to measure (ibid.).
Since different system understandings lead to different indicators, an indicator of a
system should not be understood as comprehensive information about the system itself,
but as a part of information that reflects how an individual or group conceives this
system (Meadows 1998; Davis/Kingsbury/Merry 2015; Mair et al. 2018). Therefore in the
context of good governance criterion of vertical integration the aspect of regionalization
and coherence, also with regard to indicators, is of special relevance. Preliminary
studies have shown a diversity and heterogeneity of indicator systems in the multi-level
system of the United Nations, the European Union as well as on the national and subnational level of the Federal Republic of Germany, which substantiates a restricted
comparability among the indicators (Schostok 2015a,b; Schostok/Ulrich 2018). At the
same time, interdependencies and thus composite sustainability indices play a central
role in an interlinked view of the sustainability dimensions. Sustainability reporting and
indicator reporting in particular has become holistic and integrative, due to the need for
some indicators to address several dimensions of sustainability at the same time
(Lozano/Huisingh 2011), (Perrini/Tencati 2006). In the course of developing
sustainability indicators, any interactions between indicators and SDGs and its targets
must be identified and addressed.
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Based on these preliminary remarks, the possibilities and limitations of different
calculation approaches in the context of the regionalization of two global and composite
sustainability indicator frameworks will be examined: Planetary boundaries and
ecological footprint - the latter as an exemplary excerpt of the footprint family. In the
following chapter 2 a short overview of the background of the research project and the
case study North-Rhine Westphalia will be given. Subsequently, the two sustainability
indicator frameworks are examined in chapter 3 separately from each other with regard
to the regionalization for North-Rhine Westphalia. Finally, chapter 4 draws a crossexample conclusion and outlines an outlook on further research needs.

2 Background
2.1 Sustainability Strategy of the Federal Republic of Germany and its
federal states
The sustainability strategy has a long tradition in Germany. Only one year after the
publication of the European Sustainability Strategy in 2001 (Commission of the
European Communities 2001), the Federal Republic of Germany published its first
sustainability strategy.1 In 2016, the Federal Government of Germany published a new
edition of the German Sustainability Strategy (NDSD Germany 2016). The revised
version of the German Sustainability Strategie is explicitly based on the SDGs (ibid.). By
May 2017, a total of 35 publications were published in the framework of the
interdisciplinary sustainability reporting in the federal states of Germany (Schostok
2017). This reflects the central importance of the strategies for sustainable development
at the level of the federal states.2

2.2 Sustainability Strategy of North Rhine-Westphalia
The state of North-Rhine Westphalia (NRW) has a highly energy- and resource-intensive
economic structure and is one of the most important regions for the entire Federal
Republic of Germany and also within Europe. An overview of key facts3 makes clear that
the state of NRW has to take on a high degree of responsibility for sustainable
development and at the same time can make a significant contribution to achieving the
Sustainable Development Goals (SDGs). In June 2016, the state government of North
Rhine-Westphalia adopted the first sustainability strategy for North Rhine-Westphalia
1

Since that date, the Federal Republic of Germany has published a total of three progress reports (2004,
2008, 2012), five indicator reports by the Federal Statistical Office (2006, 2008, 2010, 2012, 2017) and tree
extern peer reviews by the German Council for Sustainable Development (2009, 2013, 2018) as well as the
updated sustainability strategy in 2016.
2
A total of 56 documents on sustainability-related sustainability reports (sustainability strategies, progress-,
indicator-, and sustainability reports as well as reviews) were published by the European Union, the Federal
Republic of Germany and its federal states during the period from 01.01.2001 to 01.05.2017 (Schostok
2017).
3
The state of North-Rhine Westphalia (NRW) has a highly energy- and resource-intensive economic
structure and is one of the most important regions for the entire Federal Republic of Germany and within
Europe. The state of NRW is the most densely populated area (525 inhabitants per km2) in Germany and
with about 17.9 million inhabitants (21.7% of the German population) one of the most important urban areas
in Germany and in Europe (Statistische Ämter des Bundes und der Länder 2014). The state of NRW is a
national and international important economic region: 21.2% (691,5 billion euro) of German GDP were
generated in NRW in 2017, these are 4.5% of European GDP (EU-28) (NRW.INVEST 2018a). A total of
15.2% of Germany's export goods are produced in NRW - this results in an export value of 181.5 billion
euros in 2015 (NRW.INVEST 2016). In 2015 North Rhine-Westphalia industry accounts for 27.4% of
German net electricity consumption and in 2016 emits 19% of industrial greenhouse gas emissions (GHG) in
Germany (IWR 2018; LANUV 2018a).
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(NRW) (State Government NRW 2016a, 2016b), that covers all three dimensions of
sustainability (environmental, social, economic). Beside the strategy paper, that is also
available in English (SDS NRW 2016), a central pillar of the sustainability strategy for
NRW is a target and indicator system consisting of roughly 70 indicators with targets for
the years 2020, 2030 or 2050 responding to 19 central areas of action in the
sustainability strategy (State Government NRW 2016a, 2016b). All indicators are align to
the United Nations Sustainable Development Goals (SDGs) of Agenda 2030 (UN 2015).
The development of the sustainability strategy and the indicator report of NRW were
scientifically accompanied by the Wuppertal Institute.

2.3 Accompanying Research Project by the Wuppertal Institute for
Climate, Environment and Energy
This paper is based on the partial results of the on-going scientific project "Experiences
of Implementing Statewide Sustainability Strategies - Case Study: Sustainability Strategy
NRW” (2016-2020) (Wuppertal Institute 2016).4 Based on the example of North RhineWestphalia, the research project aims at exploring selected questions that typically arise
during the implementation of a state-wide sustainability strategy. One research focus is
the compatibility of NRW's sustainability strategy with existing sustainability strategies on
UN, EU and national level, as well as to the Sustainable development Goals, with regard
to the objectives and indicators used in NRW (ibid.)
The aim of this paper is to discuss the challenges of the development and
regionalisation of global sustainability indicators and in particular the adaptation of the
footprint indicators and planetary boundaries using the state of North Rhine-Westphalia
as a case study.

3 Challenges for the regionalization – Case study NRW
As already outlined in the introduction, indicators are highly important in the context of
sustainability reporting. At a superordinate level, two global sustainability indicator
frameworks in particular have achieved a central significance for measuring sustainable
development in recent years: footprint indicators and planetary boundaries.
• Footprint indicator Family: a complementary measure of appropriation of
ecological assets, greenhouse gas emissions, fresh water consumption and
pollution associated with the consumption of certain products and services (Galli
et al. 2013)
• Environmental footprint: “a measure of human pressure on the planet's
environment in relation to resource extractions and waste emissions”;
• Planetary boundaries: ”a measure of the regenerative and absorptive capacity of
the Earth's life-supporting systems, beyond which unacceptable environmental
changes for humanity may occur” (Fang et al. 2015a).
Overridingly, the ecological footprint and the planetary boundaries can be classified in
the categories of descriptive pressure indicators or critical threshold values (Fang et al.
2015b).

4

The project is funded by the Ministry for Environment, Agriculture, Conservation and Consumer Protection
of the State of North Rhine-Westphalia.
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3.1 Footprint indicator family
The more visible the finite nature of our planet's natural resources becomes, the more
urgent the question arises as to whether production and consumption in national and
regional economies are moving towards a resource-saving and ecologically sustainable,
i.e. green economy as the UNEP (2011) deems necessary. Answering this question
requires measuring the environmental pressure associated with production and
consumption activities in order to derive important information for a targeted
environmental policy. National environmental statistics provide central indicators for this,
but they only describe the domestic (direct) environmental pressures associated with
production and consumption (e.g. direct CO2 emissions of a manufacturing sector in
NRW). In times of globalization, though, domestic production, and in particular domestic
consumption in many economies, is partly based on products manufactured abroad
(imports). Consequently, it is necessary to make use of "comprehensive" indicators that
take into account the global dimension of the environmental pressures of domestic
production and consumption (e.g. global CO2 emissions induced by the consumption of
domestically produced and imported food in NRW). These "comprehensive" indicators
should also include a variety of indicators of different environmental pressures
associated with an economy's production and consumption activities. Footprint indicators
can be used to illustrate various environmental pressures. If several footprint indicators
(e.g. ecological, carbon, nitrogen) are considered, they are also referred to as the
"footprint family" (Giljum et al. 2008). Based on a literature analysis by Fang et al.
(2014), the ecological dimension of sustainability is most strongly represented in the
footprint concepts and in particular the ecological footprint, carbon footprint, water
footprint and energy footprint. 5 Due to the fact that all these footprints focuses on
different aspects of environmental issues, they can and should be used complementary,
which would also reduce the risk of shifting the environmental impact to other impact
categories (ibid.). By reporting the entire footprint family, policy makers would also have
a more solid instrument at their disposal to take account of the interactions between the
dimensions. In order to outline the challenges and requirements associated with the
regionalization of the footprint family on a sub-national level, an exemplary deepening is
first considered on the basis of the ecological footprint.
From a scientific point of view, the calculation of the ecological footprint is mainly based
on two approaches: First, using the traditional Global Footprint Network (GFN) method,
and second the calculation of individual footprint indicators, based on an environmentally
extended input-output analysis (EE-IOA).6 The conventional approach (GFN) developed
by Rees/Wackernagel (1992)7 calculates a single indicator, the ecological footprint. This
indicator, expressed in "virtual" units of area, measures the demand on and supply of
nature.8 By using the EE-IOA a number of different indicators are calculated, such as the
resource, energy and carbon footprint. By determining each of these indicators, the
"real" global environmental impact, i.e. resource consumption, energy consumption, CO2
emissions, caused by production and consumption activities is estimated. These
indicators are measured in different units (tones, TJ, CO2 t) and not in area equivalents.

5

A comparison of the individual footprint indicators can be found under Laurent/Owsianiak (2017), for
example.
6
For a summary of the approaches to the energy, carbon and water footprint, reference is made to Fang et
al. (2014) as an example.
7
See also Rees (1992), Wackernagel/Rees (1996).
8
For a detailed discussion of the method of the ecological footprint based on the National Footprint
Accounts (NFA), please refer to Borucke et al. (2013).
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In order to provide an adequate information basis for (environmental) policy decisions,
the selection and measurement method of the indicators is of great importance. In this
context, the intention associated with the indicator needs to be clarified. Is the intention
to create a general awareness of the overuse of natural resources? Or is the appropriate
recording of environmental impacts taking into account the interactions between
consumption and production in the economy as well as the derivation of policy
recommendations in the focus? For the second intention, the calculation of specific
footprint indicators based on EE-IOA and in the best case over the entire and crosslinked footprint family is preferable to the GFN calculation approach.
Based on the current data and methods of the National Footprint Account (2016) North
Rhine-Westphalia has an Ecological Footprint of 5.8 gha per capita in 2012 (MKULNV
NRW 2016). Converted to one calendar year, North Rhine-Westphalia covers only 68
days of its needs with its own ecosystems or its biocapacity: Thus, North RhineWestphalia already used up its "eco-budget" on about 8 March, the rest of the year the
state lives in "ecological deficit". This places North Rhine-Westphalia in the upper third of
the European footprints. (MKULNV NRW 2016) The Environmental Report NRW shows
and discusses the ecological footprint in detail and vividly on ten pages. In this way, the
federal state succeeds in sensibly using the ecological footprint as a communication tool
for raising general awareness of human environmental consumption, positioning itself in
a benchmark against other countries and deriving an understandable target figure for the
necessary reduction by comparing it with the available biocapacity.
Despite its high popularity and undeniable ability as a communication tool, the concept
of the ecological footprint has received much criticism, both methodological and in
gauging environmental sustainability (Laurent/Owsianiak 2017; Galli et al. 2016; Van
den Bergh/Grazi 2010; Fiala 2008; Lenzen et al. 2007; Ayres 2000). In part, new
calculation methods for the ecological footprint have been developed which take up
some of the points of criticism (see as an overview for alternative calculation methods
Wiedmann/Barrett 2010). Other points of criticism remain of a fundamental nature.
Taking into account the weaknesses of the ecological footprint, the calculation of various
footprint indicators using an environment-related IOT for the state of North RhineWestphalia is to be discussed.
The EE-IOA9 enables the analysis of the global environmental impacts of production and
consumption patterns in the economy. For this purpose, input-output tables (IOT),
resource consumption and environmental impact data from economic sectors and
private households are used. IOT contain all formal economic transactions within an
economy and represents the intermediate and final use of products and services in
monetary units. For each sector, it shows which goods are used to produce their own
products and where these products are delivered to (i.e. to which sectors and final
demand areas). Using an input-output model based on this representation of all
transactions within (the global) economy, it is possible, for example, to calculate how
much the individual sectors produce and how many goods have to be imported so that a
certain quantity of end products can be delivered to consumers (households). This also
includes all upstream production in the supply chains of the sectors. Once the
environmental pressures and resource consumption associated with the production are
known for each sector, the (direct and indirect) environmental impacts and resource
9

IOA is already a common method for the calculation of single-dimension footprints at national level, as the
overview by Fang et al. (2014) shows.
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consumption caused by domestic consumption and export of domestic production can
also be estimated. Since the IOT show the household consumption by product group, it
can also be divided into different consumption areas (e.g. housing, mobility, nutrition).
The EE-IOA therefore makes it possible to determine the direct and indirect
environmental pressure and resource consumption caused by the use of each individual
product group or each consumption area.
The calculation of the different footprints of global environmental impact and resource
consumption associated with the consumption activities of an economy is carried out by
adding the following three components:
1. the direct environmental impacts and resource consumption caused by domestic
consumption of goods and services (e.g. CO2 emissions due to the combustion
of fuels during the transport activities of private households),
2. the direct and indirect environmental impacts and resource consumption caused
by domestic production for domestic final demand (e.g. CO2 emissions due to the
production of cars for domestic consumption),
3. the direct and indirect environmental impacts and resource consumption
associated with imported goods for production and last domestic use (e.g. CO2
emissions abroad resulting from the production of imported goods).
The analysis can be carried out using a single-country input-output model or a multiregional input-output model. However, a single country extended input-output model is
only partially capable of adequately recording the environmental pressure associated
with imports because the origin of the imports and destine of exports are not explicit.
This would require the assumption that imported goods are produced abroad with the
same production technology and the same specific environmental impact as domestic
produced goods. In order to adequately record the environmental impact or resource
consumption associated with imports, it is necessary to correct the related productspecific environmental impact intensities. The execution of this correction depends on
the availability of the required data.
Another way to overcome this problem is to use the extended multi-regional input-output
analysis (E-MRIOA). The E-MRIOA has a long tradition as an important instrument for
examining the interrelationships between different economic structures and trade and
their implications for a broad spectrum of social, economic and ecological issues
(Többen/Kronenberg 2015). 10 Compared with application at international level,
application at sub-national level has not yet progressed very far (ibid.). The main reason
for this discrepancy is that the availability of the necessary data at the sub-national level
is much more limited. Neither regional IOT nor interregional trade data are available for
most countries (ibid.). In line with Wiedemann/Barrett (2010), the central obstacles to the
widespread implementation of MRIO models on a sub-national level such as federal
states include data availability, data processing and the relative complexity of the MRIO
frameworks. However, the use of an MRIO model would increase the accuracy and
completeness of the trading Ecological Footprint accounts (ibid.). It should also be noted
that an MRIO framework is in line with existing UN accounting standards, would
contribute to standardization of the footprint methodology and also enable the tracking of
international supply chains (ibid.). Finally, it should be pointed out once again that the
use of a comprehensive economic-ecological input-output model is well suited to carry
10

Of particular note here is the One Planet Economy Network Europe (OPEN:EU) project, which has
integrated the ecological, carbon and water footprint in a footprint family, using an E-MRIOA (Galli et al.
2012, 2013).
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out scenario simulations of the ecological and socio-economic effects of the
implementation of environmental policy measures (ibid.).
The calculation of specific environmental footprints for the state of North RhineWestphalia (NRW) requires IOT on the one hand and data from the environmental
economic accounts for NRW on the other. But as already mentioned, regional inputoutput tables (RIOT) for the sub-national level (federal states) are not compiled by
official statistics. Due to this, it is necessary to determine the IOT using derivative
methods. Boero et al. (2018) provide an overview of possible calculation approaches for
the RIOT. In the case of the state of North Rhine-Westphalia (NRW), the application of
such approaches would lead to the creation of an NRW-specific IOT that approximates
the NRW-specific characteristics of production and consumption. Acosta/Schostok
(2016) derived an expanded RIOT for North Rhine-Westphalia under the specification of
a resource-specific question, which is in close interaction with the expansion of
renewable energies: How will the domestic and global abiotic direct material input
caused by production and consumption in NRW change, if the share of energy
production (electricity and heat) based on renewable energies in NRW is above 34% in
2030 and above 50% in 2050?11 The methodical approach is based on the EE-IOA for
which a North Rhine-Westphalia specific "raw material consumption model" has been
developed. This is a model with which the effects and characteristics of the production
and consumption activities of the NRW economy can be examined specifically with
regard to raw material consumption. The IOT 2010 for North Rhine-Westphalia was
determined using the Cross-Hauling Adjusted Regionalization Method (CHARM) based
on Kronenberg/Többen (2011) derivatively from the currently available IOT 2010 for
Germany (revenue table, usage table, input-output table, import matrix) and by using
further NRW specific data (sales, imports and exports from abroad, gross value added
and structural use of gross domestic product).12 The derivatively determined IOT 2010
for North Rhine-Westphalia approximates the characteristics of production and
consumption in NRW on the one hand and the volume and composition of NRW's
foreign trade relations on the other. The production sphere of NRW is divided into 38
production areas (goods and services) and domestic consumption is differentiated into
four areas. NRW's exports and imports are divided into foreign trade relations with the
other federal states and with other countries. All flows of goods are expressed in
monetary units (million euros). The environment-related extension of IOT for North
Rhine-Westphalia (row vector) refers to the consumption of energetic and non-energetic
abiotic materials caused by all production and consumption activities in NRW. It
therefore includes direct abiotic material input (DMIa) measured in physical units (1,000
11

The development pathways for the expansion of renewable energies (2030 > 35%, 2050 > 50%) are
based on the Climate Protection Plan NRW for North Rhine-Westphalia. which „has been drawn up by the
state government to meet one of the essential requirements of the state’s 2013 Climate Protection Act. The
Plan outlines the strategies and specific measures needed to achieve the targets for the reduction of
greenhouse gas emissions set out in the Climate Protection Act. (...) The Plan is a kind of roadmap for the
long-term goal of reducing greenhouse gas emissions by at least 80% between now and 2050; it sets out
the options available for action and the strategic decisions to be taken in the coming years.“ (MKULNV NRW
2016b)
12
For this purpose, the IOT 2010 for Germany, revised in 2014 and published by the Federal Statistical
Office within the framework of the national accounts (Federal Statistical Office 2015), was used. With regard
to the NRW specific data, the corresponding statistics from the State Agency IT.NRW and the Federal
Statistical Office´data on the national accounts of the federal states were used. All these data sets are either
available online or were made available on request by Federal Statistical Office and IT.NRW. The year 2010
was selected so that certain NRW specific values from the calculations of the climate protection plan
scenarios, such as greenhouse gas emissions, can be included in the model calculation. The scenarios of
the climate protection plan and the study carried out have thus taken the same base year as a basis.
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tones). The DMIa is also differentiated into 38 production areas and 4 consumer areas.
In summary, this is a sound foundation for the development of a comprehensive EE-IOA
for North Rhine-Westphalia, with the aim of providing a solid methodological basis for
calculating the whole footprint family.

3.2 Planetary Boundaries
The framework of "planetary boundaries", introduced in 2009, propose global
environmental limits within which humanity can safely operate (Rockström et al. 2009a).
“These boundaries define the safe operating space for humanity with respect to the
Earth system and are associated with the planet’s biophysical subsystems or processes“
(Rockström et al. 2009b). The foundation of the planetary boundaries is the assumption
that human activities since the industrial revolution have ushered in a new geological
age. The Holocene, which was characterized by stable environmental conditions, gave
way to the Anthropocene13 - an age in which man has become the most important factor
influencing environmental changes. The stability and self-regulation of the environment,
which existed in the Holocene and enabled human development, seems to be
endangered by anthropogenic influence (ibid.). In order to meet the challenge of
maintaining the Holocene state, nine load limits of the planet must be met: climate
change; rate of biodiversity loss (terrestrial and marine); interference with the nitrogen
and phosphorus cycles; stratospheric ozone depletion; ocean acidification; global freshwater use; change in land use; chemical pollution; and atmospheric aerosol loading
(ibid.). These ecological limits form the framework for the elasticity and regulatory
capacity of the Earth's environmental system. If these planetary limits are not observed,
there is a risk of catastrophic and irreversible environmental changes, which will also
worsen the conditions of human development (ibid.). In 2015, Steffen et al. published an
updated and extended analysis of the planetary boundaries framework based on the
scientific findings of the past five years (Steffen et al. 2015). With the updated
framework, eight out of nine earth process systems are quantified in terms of their limits
that should not be exceeded. Only for the process "Introduction of novel entities" control
variables and boundary values still need to be defined.
Additionally Steffen et al. (2015) introduce regional boundaries within the updated
framework, which can be applied to regions such as Southern Africa or South Asian for
example. In this paper, regions are defined at a lower level, i.e. a sub-national level of
states in a federal political system. This raises the question: “How can a planetary
quantity be applied to the evaluation of a region or a sustainable development strategy?”
(Keppner 2017) The Sustainable Development Goals (SDGs) could serve as a basis for
the realignment and management of the planetary boundaries framework, as they place
the PB concept in the broader context of sustainable development (Häyhä et al. 2016).
In Germany, in its new edition of 2016, the Federal Government refers to the
Sustainable Development Goals (SDGs) and selected SDG indicators, as well as to the
planetary boundaries framework (NSDS Germany 2016). Individual federal states also
refer to the SDGs14 as well as to the planetary boundaries15. However, it should be
critically noted that the references are exclusively postulates and are thus only
13

“The Anthropocene could be said to have started in the latter part of the eighteenth century, when
analyses of air trapped in polar ice showed the beginning of growing global concentrations of carbon dioxide
and methan.“ (Crutzen 2002).
14
Thuringia (SDS TH 2018), Saarland (SDS SL 2017), (North Rhine-Westphalia (SDS NRW 2016), Lower
Saxony (SDS NI 2017).
15
Thuringia (SDS TH 2018), (North Rhine-Westphalia (SDS NRW 2016), Rhineland-Palatinate (SDS RP
2015).
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communicated on a qualitative level. No sustainability strategy and no sustainability
indicator report, neither at national nor sub-national level in Germany, makes a
quantified reference to the biophysical processes of the planetary framework. One
reason for this may be the reporting of the indicators themselves. There is no standard
framework for indicator reporting other than the reference frame of the 230 SDG
indicators provided by the United Nations (2016). And even “the most comprehensive,
global sustainability process - the year 2030 Agenda - does not explicitly take into
account the concept of planetary boundaries” (Keppner 2017). Additionally, unlike
reporting regulations for companies and organizations16 there are no specific and above
all no binding reporting principles for governments. Studies prove a very heterogeneous
use of indicators and also of the calculation principles, the quantification as well as the
goals in correspondence with an indicators (Schostok 2015a; Schostok/Ulrich 2018).
Basically, reporting is at one' s own discretion. This reinforces the criticism mentioned in
the introduction, that due to the fact that indicators are used by people or organizations
with different interests, they can be guided in their informative value and are often
valuable in reality and thus partly incomplete in describing the contexts they measure.
The Table 1 in the Appendix compares the sustainability reporting of the Federal
Government of Germany and the state of North Rhine-Westphalia to the planetary
boundaries framework. On the left side the planetary boundaries and the control
variables according to Steffen et al. (2015) are shown. The right-hand side reflects as an
excerpt the indicators from the sustainability reporting of the Federal Republic of
Germany and the state of North Rhine-Westphalia, which could address the planetary
boundaries, at least partially. The indicators listed are part of the current sustainability
reporting, but are not yet explicitly linked to the concept of planetary boundaries as a
quantification parameter and target value.
Based on the Comparison of Table 1 it can be clearly seen that in the context of
sustainability reporting in Germany and NRW indicators are already calculated which
may be assigned to the five planetary boundaries climate change, change in biosphere
integrity, biogeochemical flows, land-system change and atmospheric aerosol loading.
However it should be critically noted that the indicators do not exactly correspond to the
respective control variable(s) of the planetary boundaries. For the planetary boundary of
atmospheric aerosol loading, for example, the aerosol optical depth (AOD) is not
measured, but parameters closely related to atmospheric aerosol loading as the
emissions of air pollution by SO2, NOx, NH3, NMVOC, PM2.5, PM10 are reported. For
the planetary boundary of climate change, for example, all six Kyoto gases CO2, CH4,
N2O, SF6, HFC and PFC are reported in order to provide an almost comprehensive
assessment of the emission of climate-damaging gases. For the planetary boundary of
stratospheric ozone depletion, only the indicator NO2 from the sustainability strategy of
North Rhine-Westphalia can be assigned, although the indicator "only" represents an
important precursor substance for summer ozone formation in the ground-level air
layers. The sustainability reports of other federal states in Germany such as Hesse and
Thuringia demonstrate that it is possible to measure the control variable O3 at both subnational and national level. There are 260 corresponding measuring stations in
Germany, which are continuously monitored by the Federal Environment Agency (UBA
2017). In North Rhine-Westphalia there are 39 corresponding measuring stations, which
16

E.g. by the Global Reporting Initiative (GRI), Sustainability Accounting Standards Board (SASB), Climate
Disclosure Standards Board (CDSB), International Standards Organization (ISO), International Integrated
Reporting Council (IIRC).
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are continuously monitored by the North Rhine-Westphalian State Agency for Nature,
Environment and Consumer Protection (LANUV 2018b). As an indicator "Ozone
concentration in the urban background", the measurement results are part of the
Environmental Report North Rhine-Westphalia (MKULNV NRW 2016a). This would
make it possible to report on ozone concentrations that can be assigned to the planetary
boundary. However, it should be noted that the ozone concentration is a volumetric
quantity with the unit µg/m3 and the planetary limit of the Stratospheric O3 concentration
is expressed in the Dobson unit, which is a measure of the strength of the ozone layer.
Whether the target values and long-term objectives17, established at European level and
incorporated into national regulations, are sufficient to make an adequate contribution to
compliance with the planetary boundary of global stratospheric O3 concentration,
requires further research.
The comparison in Table 1 also shows that no corresponding or related indicators exist
for three of the nine planetary boundaries Ocean acidification, Freshwater use and
Introduction of novel entities within the sustainability reporting of Germany and North
Rhine-Westphalia. Especially the aspect of introduction of novel entities, which also
includes micoplastics in the marine environment, is important for Germany with the
adjacent North Sea and Baltic Sea but also for North Rhine-Westphalia with its large
river systems Rhine, Meuse, Weser and Ems which flow into the North Sea. NRW has
around 720 kilometers of waterways with 120 ports, including the world's largest inland
port in Duisburg, which handles around 133 million tones of goods annually (NRW.Invest
2018b). According to Röckström et al. (2009a, 2009b) and Steffen et al. (2015), there
are still no clear control variables for the planetary limit of the introduction of novel
entities. At this point, Germany and North Rhine-Westphalia can advocate strengthening
the ecological sustainability dimension in sustainability reporting by, for example,
establishing a nationwide network for measuring microplastics in the bodies of water and
accelerating appropriate prevention measures. Interesting preventive measures are
expected in the medium term, for example from the "eCircular" project: The project aims
to avoid plastic waste through the use of digital technologies. As an initiative of Europe's
largest private-public innovation partnership Climate-KIC, the project contributes to the
overall goal of reducing material production to zero emissions by 2050 (Wuppertal
Institute 2018; Climate-KIC 2018).
The question thus remains how national and sub-national indicator reporting can be
extended to include all the indicators defined within the framework of planetary
boundaries in order to comply with the concept in principle and to quantify the
responsibility of the respective nation and region - how the framework of planetary
boundaries can be scaled to a sub-national regional level. Despite some case studies on
the regionalization of the planetary boundary framework at the national and sub-national
level, there is little methodological consistency, as Häyhä et al (2016) confirmed in a
previous meta-analysis. To regionalize the planetary boundaries framework on a subnational level, one conceivable approach would be to scale the planetary boundaries per
capita using the polluter pays principle. In this context, extended multi-regional inputoutput analysis (E-MRIOA) can play a central role, as it enables the quantification of
global effects according to the polluter pays principle.
17

The assessment standards for the protection of human health are the values defined in the European
3
Directive 2008/50/EC: target value for 2010 120 µg/ m for the maximum 8-hour value for a day (25
3
exceedances per year permitted, averaged over 3 years); long-term target: 120 µg/m for the maximum 83
3
hour value for a day; information threshold 180 µg/m as 1-hour average value; alarm threshold 240 µg/m
as 1-hour average value.
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Based on the conference results “Making the Planetary Boundaries Concept work” a
comprehensive Planetary Boundaries Science Roadmap is proposed which identifies the
following key areas of research:
1. „Realization of comprehensive planetary boundaries simulation models
2. Quantification of SDG pathways within planetary boundaries
3. Research on socio-ecological complexity under conditions of planetary
boundaries
4. Research on the implementation of planetary boundaries concepts in
environmental and sustainability policy, businesses, sectors and regions
5. Research on the implications of planetary boundaries for concepts of natural,
social, economic and political order, and associated ontologies in discourse and
communication“. (Keppner 2017)
Referring to key area number four a first step could be the identification and
quantification of the environmental flows of the individual control variables of the
planetary boundary framework. Ryberg et al. (2018) developed a planet boundaries lifecycle impact assessment (PB-LCIA), which express the indicators of environmental
metrics corresponding to the planetary boundary control variables. Ryberg et al. (2018)
identify 85 environmental flows for seven of the planetary boundaries. The PB-LCIA and
the environmental flows identified therein are an interesting basis not only for companies
to measure their activities against planetary boundaries, but also as a basis for the
regionalization of the planetary boundaries framework within the national and subnational sustainability reporting’s. A second step could be the verification the data
availability and in some cases the collection of new data before the calculation and
reporting of the indicators can be executed. As a conceptual model for regionalization to
the sub-national level, the study "The planetary nitrogen boundary as a reference point
of a national nitrogen strategy" by Hoff/Keppner (2017) can be used, which deals with
the question of scaling down the planetary boundaries to the national level.

4 Conclusion and Outlook
As mentioned at the beginning, sustainability reporting and indicator reporting must be
holistic and integrated, as some indicators must take several dimensions of sustainability
into account simultaneously. This makes it all the more important to comprehensively
address global indicator concepts such as the footprint family and the planetary
boundaries and to quantize them in national and sub-national sustainability reporting.
Only in this way can a comprehensive picture of the interactions between the indicators
and related objectives (in particular the SDGs) be mapped and the risk of shifting
negative environmental impacts to other areas be minimized. In this respect, the
transformation from a single-dimension to a comprehensive perspective is particularly to
be emphasized. Using the state of North-Rhine Westphalia as a case study, first steps
towards regionalization of these global and composite sustainability indicators have
been outlined for the footprint family and for the ecological footprint in particular, as well
as for the planetary boundaries framework. In this context, the footprint indicators and
the planetary boundaries must be considered in a complementary relationship, because
“without a reference to sustainability limits, the footprint family cannot be used to
determine whether or not natural capital is being consumed in a sustainable way” (Fang
et al. 2014). Methodologically, hybrid approaches such as the combination of EE-IOA
and life-cycle assessment (LCA) (ibid.) are an interesting field of research to be further
investigated, which could contribute to the regionalization of global sustainability
indicator frameworks. There is also a need to integrate footprint indicators and planetary
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boundaries into environmental sustainability assessment (ESA) (Fang et al. 2015b), not
only at the national level but also at the sub-national level.
With the calculation of the ecological footprint, the state of North Rhine-Westphalia has
taken a first central step towards the regionalization of global indicator frameworks,
although the methodological approach would have to be readjusted in order to be able to
derive concrete political measures for the mitigation of harmful environmental impacts in
the future. With reference to the concept of planetary boundaries, the state of North
Rhine-Westphalia can build on the indicators already used in its sustainability strategy.
The operationalization and the concrete allocation of quantified and scheduled
(reduction) targets is of central importance for the state of North Rhine-Westphalia in
order to achieve a normative function of the indicator system. If the state of North RhineWestphalia succeeds in further developing this basis and closing gaps, it can play a
leading role in quantifying planetary boundaries at the sub-national level.
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Appendix(
Table 1 Comparing sustainability reporting of the Federal Government of Germany and the state of North Rhine-Westphalia to the planetary boundaries
framework
Planetary Boundaries Framework
(Steffen et al. 2015)
Planetary
Control Variable(s)
Boundary
Climate
Atmospheric CO2
change
concentration, ppm
Energy imbalance at top-ofatmosphere, (Watts per
-2
metre squared, Wm )

Change in
biosphere
integrity

Genetic diversity:
Extinction rate
Functional diversity:
Biodiversity Intactness Index
(BII)

Stratospheric
Stratospheric O3
ozone depletion concentration, Dobson Units

Ocean
acidification

•

•

•
•
•

Federal Republic of Germany
State of North Rhine-Westphalia
(NSDS Germany 2016)
(SDS NRW 2016)
Indicator
Indicator
(Target) *in brackets; SDG assignment *italic
(Target) *in brackets; SDG assignment *italic
Greenhouse gas emissions (To be reduced by at least
• Greenhouse gas emissions (Reduction by at
40% by 2020, by at least 55% by 2030, by at least 70%
least 25% by 2020 and by at least 80% by 2050
by 2040 and by 80% to 95% by 2050, in each case
(compared to 1990) SDG 7, 13
compared to 1990) SDG 13
Energy consumption and CO2 emissions from
consumption (Continuous reduction of energy
consumption) SDG 12
Species diversity and landscape quality (To be increased • Endangered species – „Red List“ (The majority
to the index value of 100 by 2030) SDG 15
of habitats and species have a favourable status
of conservation: the percentage of Red List
Eutrophication of ecosystems (To be reduced by 35% by
species should be reduced to 40% by 2030)
2030 compared to 2005) SDG 15
SDG 6, 15
Share of sustainably fished fish stocks in the North Sea
and Baltic Sea (Fish stocks used for economic purposes • Diversity of species and landscape quality
(Increase of biodiversity in all landscape spaces
to be sustainably managed in accordance with the
by 2030 (state-wide achievement of the best
Maximum Sustainable Yield approach by 2020) SDG 14
local or regional situation in the time period
1997-2015)) SDG 6, 15
• Nitrogen oxide (NO2) concentration (By 2030,
the average annual median value of the
emission concentration of is to be reduced to 40
µg/m3, even on roads in urban agglomerations)
SDG 6, 15!

Carbonate ion concentration,
average global surface
ocean, saturation state with
respect to aragonite (Ωarag)
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Planetary Boundaries Framework
Federal Republic of Germany
(Steffen et al. 2015)
(NSDS Germany 2016)
Planetary
Control Variable(s)
Indicator
Boundary
(Target) *in brackets; SDG assignment *italic
Biogeochemical Phosphorus cycle:
• Phosphorous in flowing waters (The benchmark
flows:
Global: Phosphorus flow from
values for specific types of water to be met or beaten
(Phosphorus
freshwater systems into the
at all monitoring points by 2030) SDG 6
and Nitrogen
ocean
• Nitrogen surplus (Overall nitrogen surpluses for
cycles)
Regional: Phosphorus flow from
Germany to be reduced to 70 kg/ha of utilised
fertilizers to erodible soils
agricultural land in the annual average from 2028Nitrogen cycle:
2032) SDG 2
Global: Industrial and intentional • Organic farming (Share of organic farming on land
biological fixation of nitrogen
used for agriculture to be increased to 20% in coming
years) SDG 2
• Nitrate in groundwater – proportion of monitoring
points in Germany at which the threshold of 50 mg/l
for nitrate is exceeded (“50 mg/l” of nitrate in
groundwater to be complied with by 2030) SDG 6
• Nutrient inputs in coastal waters and marine waters –
nitrogen input via the inflows into the Baltic
(Adherence to the good conditions according to the
Ordinance on the Protection of Surface Waters
(annual averages for total nitrogen in rivers flowing
into the Baltic shall not exceed 2.6 mg/l) SDG 14
• Nutrient inputs in coastal waters and marine waters –
nitrogen input via the inflows into the North Sea
(Adherence to the good conditions according to the
Ordinance on the Protection of Surface Waters
(annual averages for total nitrogen in rivers flowing
into the North Sea shall not exceed 2.8 mg/l) SDG 14

•

•

•

•

State of North Rhine-Westphalia
(SDS NRW 2016)
Indicator
(Target) *in brackets; SDG assignment *italic
Environmental condition of surface waters (All
flowing water bodies will reach good
environmental quality and/or a good ecological
potential in accordance with the EU Water
Framework Directive by 2027; With exceptions
for some waters in the Rhenish brown coal area)
SDG 6, 15
Nitrate in the ground water (Reduction of the
nitrate load of all groundwater bodies to < 50
mg/l by 2027 at the latest) SDG 6, 15
Nitrogen surplus (Reduction of the average
nitrogen balance surplus to 60-75 kg N/ha by
2030) SDG 2, 6, 15
Ecological agriculture (Increase of the
percentage of areas with organic agriculture in
relation to the overall area used for agriculture)
SDG 2
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Planetary Boundaries Framework
(Steffen et al. 2015)
Planetary
Control Variable(s)
Boundary
Land-system
Global: area of forested land as
change
% of original forest cover
Biome: area of forested land as
% of potential forest

•

•
•

•

Freshwater use Global: Maximum amount of
consumptive blue water use
3 -1
(km yr )
Basin: Blue water withdrawal as
% of mean monthly river flow
Atmospheric
Global: Aerosol Optical Depth
aerosol loading (AOD), but much regional
variation
Regional: AOD as a seasonal
average over a region. South
Asian Monsoon used as a case
study

Introduction of
novel entities

Federal Republic of Germany
State of North Rhine-Westphalia
(NSDS Germany 2016)
(SDS NRW 2016)
Indicator
Indicator
(Target) *in brackets; SDG assignment *italic
(Target) *in brackets; SDG assignment *italic
Built-up area and transport infrastructure expansion
• Portion of the purely coniferous woodlands
(To be reduced to 30 ha minus x per day by 2030)
(Increase of the stability and adaptability of the
SDG 11
forests: reduction of purely coniferous
woodlands to < 20% by 2030) SDG 6, 15
Loss of open space in m2/inhabitant (Reduction in the
loss of open space per inhabitant) SDG 11
• Percentage of certified woodland – FSC and
PEFC (Increase of the percentage of certified
Inhabitants by area occupied by built-up areas and
woodland in relation to the overall forests by
transport infrastructure – settlement density (No
2030) SDG 6, 15
reduction in settlement density) SDG 11
• Surface area of the state-wide biotope network
Payments to developing countries for the verified
(In 2030, 15% of the surface area of the State
preservation or restoration of forests under the
will be biotope network areas) SDG 6, 15
REDD+ rulebook (To be increased by 2030) SDG 15
• Increase of the settlement and transportation
areas (Limitation of land use for settlement and
transportation areas to 5 ha per day by 2020.
The aim is a zero net consumption in the long
run) SDG 2, 6, 9, 11, 15

• Emissions of air pollutants – index of national
emissions of air pollutants SO2, NOx, NH3, NMVOC
and PM2.5 (Emissions of 2005 to be reduced to 55%
(unweighted average of the five pollutants) by 2030)
SDG 3
• Share of the population with increased exposure to
PM10 in Germany (WHO particulate matter
benchmark of an annual average of 20 µg/m3 for
PM10 to be achieved as widely as possible by 2030)
SDG 3

• Particulate Matter (PM10) concentration (By
2030, the average annual median value of the
emission concentration of PM10 in urban
locations is to be reduced to 20 µg/m3, even on
roads in urban agglomerations) SDG 6, 15

No control variable currently
defined
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