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Kurzbeschreibung

Das Konzept der Planetaren Grenzen wurde 2009 durch eine internationale Forschergruppe um Johan
Rockstrom formuliert und 2015 durch Will Steffen und weitere Wissenschaftlerinnen und Wissen-
schaftler liberarbeitet und aktualisiert (Rockstrom et al. 2009; Steffen et al. 2015b). Das Konzept ent-
stand vor dem Hintergrund des Zeitalters des Anthropozans, das verbunden ist mit einem schnell
wachsenden Druck auf die Umwelt und immer starkerer Degradation und Verknappung von globalen
Umweltgiitern und einer moglichen Gefahrdung der Funktionen des Erdsystems. Die Belastung der
globalen Umwelt und Okosysteme durch den Menschen hat ein Ausmaf erreicht, bei dem plotzliche
nicht-lineare systemische Veranderungen nicht mehr auszuschlief3en sind.

Das UFOPLAN-Vorhaben ,Planetare Grenzen - Anforderungen an die Wissenschaft, Zivilgesellschaft
und Politik‘ (FKZ 3714 100 0) setzt an der Herausforderung der Operationalisierung des Konzeptes
der Planetaren Grenzen an. Ziel war es, die Anforderungen, die das Konzept an Politik, Wissenschaft,
Zivilgesellschaft und Wirtschaft stellt, zu analysieren und entsprechend konkrete Informationen fiir
die politische Umsetzung des Konzepts bereitzustellen. Dafiir wurden Querschnittspapiere erstellt, die
sich mit Themen beschaftigen, die fiir diverse politische Prozesse von Bedeutung sind - wie bspw. das
kommunikative Potenzial des Konzepts, Risiken bei Grenziiberschreitung und der Methodologie zur
Operationisierung. Aufierdem wurden Papiere zu politischen Fokusthemen erarbeitet, die sich mit der
Frage auseinandersetzen, in welcher Weise das Konzept der Planetaren Grenzen an einzelnen Stellen
der Umweltpolitik sinnvoll eingesetzt werden kann, bspw. bei der Erarbeitung einer nationalen Stick-
stoffstrategie sowie des Integrierten Umweltprogramms 2030.

Wichtige nachste Schritte fiir die Operationalisierung des Konzeptes stellen u.a. eine starkere Auf-
nahme der Planetaren Grenzen in Nachhaltigkeitsstrategien sowie die Ausrichtung der Wissenschafts-
forderung auf die integrierte Weiterentwicklung des Konzeptes dar.

Abstract

The planetary boundaries concept was formulated in 2009 by an international research group led by
Johan Rockstrém, and revised in 2015 by Will Steffen and colleagues (Rockstrém et al. 2009; Steffen et
al. 2015b). The concept emerged against the background of the Anthropocene - a period of time asso-
ciated with rapidly growing environmental pressures, and increasing degradation and scarcity of
global environmental resources, which intensifies risks for the stability and functioning of the Earth
system. The human burden on the global environment and ecosystems has reached a level where sud-
den non-linear systemic changes can no longer be ruled out.

The UFOPLAN project 'Planetary Boundaries - Challenges for Science, Civil Society and Politics' (FKZ
3714 100 0) addresses the challenge of operationalizing the planetary boundaries concept. The project
analyzes the requirements that the concept places on politics, science, civil society and business, with
the aim of informing the political implementation of the concept. In addition to cross-sectional papers
that deal with topics of significance for various political processes (e.g., the potential for environmen-
tal communication, risks associated with transgressing boundaries and a methodology for operational-
ization), political focus topics were addressed. The political focus topics address questions of how the
planetary boundaries concept can be applied to specific environmental policymaking areas (e.g., the
formulation of a national nitrogen strategy and the Integrated Environmental Programme 2030).

Important next steps for the operationalization of the concept include the stronger inclusion of plane-
tary boundaries in sustainability strategies and a reorientation of science funding toward the inte-
grated development of the concept.
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Kurzzusammenfassung

Das Konzept der ,Planetaren Grenzen“? wurde 2009 durch eine internationale Forschergruppe um Jo-
han Rockstrom formuliert und 2015 durch Will Steffen und weitere Wissenschaftlerinnen und Wissen-
schaftler liberarbeitet und aktualisiert (Rockstrom et al. 2009; Steffen et al. 2015b). Das Konzept ent-
stand vor dem Hintergrund des Zeitalters des Anthropozans, das verbunden ist mit einem schnell
wachsenden Druck auf die Umwelt, einer immer stirkeren Degradation und Verknappung von
globalen Umweltgiitern und einer méglichen Gefahrdung der Funktionen des Erdsystems. Die
Belastung der globalen Umwelt und der Okosysteme durch den Menschen hat ein Ausmaf erreicht, bei
dem plotzliche nicht-lineare systemische Veranderungen nicht mehr auszuschliefien sind. Die
Wirtschafts- und Konsumaktivitidten des Menschen untergraben die Kapazitaten des Erdsystems, sich
selbst zu regulieren, weil die Pufferkapazitit und Regenerationsfahigkeit der Umweltmedien
missachtet und die natiirlichen Ressourcen iibernutzt werden. Insgesamt entsteht die Gefahr, so
genannte tipping points (Kipp-Punkte) anzustofen, die die Okosysteme und damit letztlich auch sozial-
Okologische Systeme dauerhaft aus ihrem bisherigen Gleichgewicht zu bringen oder die Resilienz des
Erdsystems durch graduellen Wandel zu beeintrachtigen.

Die wichtigste Herausforderung fiir die weitere Bearbeitung des Konzeptes der Planetaren Grenzen
stellen, neben der wissenschaftliche Weiterentwicklung die Ubersetzung, Operationalisierung, Nutz-
barmachung, Herunterskalierung und Anwendung des Konzepts dar - bspw. hin zu konkreten
Umwelt- und Nachhaltigkeitszielen. Das UFOPLAN-Vorhaben ,Planetare Grenzen - Anforderungen an
die Wissenschaft, Zivilgesellschaft und Politik’ (FKZ 3714 100 0) setzt an dieser Herausforderung an
und untersucht die Starken, Schwachen sowie Chancen und Risisken des Konzeptes. Ziel war es, die
Anforderungen, die das Konzept an Politik, Wissenschaft, Zivilgesellschaft und Wirtschaft stellt, zu
analysieren und entsprechend konkrete Informationen fiir die politische Umsetzung des Konzepts be-
reitzustellen.

Dafiir wurden Querschnittspapiere und Fokuspapiere erarbeitet. Querschnittspapiere beschiftigten
sich mit Themen, die fiir diverse politische Prozesse von Bedeutung sind. Gegenstand der unterschied-
lichen Querschnittspapiere stellen die Einfiihrung in das Konzept der Planetaren Grenzen, die Analyse
des Wissensstandes zu Risiken bei Grenziiberschreitung sowie die Analyse des Konzeptes des ,Anthro-
pozans‘ dar. Weitere Querschnittspapiere beschaftigten sich mit der Operationalisierung der Planeta-
ren Grenzen, der Analyse des Zusammenspiels sozialer und planetarer Grenzen, dem Zusammenhang
mit Burden Sharing sowie der Untersuchung des Umweltkommunkationspotenzials. Die Fokuspapiere
setzen sich mit der Frage auseinander, in welcher Weise das Konzept der Planetaren Grenzen in der
Umweltpolitik sinnvoll eingesetzt werden kann. Schwerpunkte waren die Unterstiitzung einer natio-
nalen integrierten Stickstoffstrategie sowie des Integrierten Umweltprogramms 2030.

Néachste Schritte flir die Operationalisierung des Konzeptes wurden im Frihjahr 2017 auf einer zwei-
tatigen Konferenz diskutiert. Im Bereich der Politik stellen wichtige nichste Schritte unter anderem
die stirkere Aufnahme der Planetaren Grenzen in Nachhaltigkeitsstrategien dar. Auf wissenschaftli-
cher Ebene sollte kiinftige Wissenschaftsforderung starker auf die integrierte Weiterentwicklung und
Operationalisierung des Konzepts ausgerichtet werden. Im Bereich der Wirtschaft umfassen wichtige
weitere Schritte die Mitwirkung von Unternehmen an der Entwicklung von Methoden fiir die Herun-
terskalierung und Anwendung des Konzepts auf Unternehmensebene sowie die Analyse von unterneh-
mensbezogenen Nachhaltigkeitsstandards und ihre Verkniipfung mit den Planetaren Grenzen.

2 Der Begriff «planetary boundaries» kann unterschiedlich iibersetzt werden, bspw. mit «Planetare (Belastungs-)Grenzen»,
«Planetarische (Belastungs-)Grenzen» oder «Planetare Leitplanken». Nachfolgend wird «planetary boundaries» durchgéin-
gig mit «Planetare Grenzen» iibersetzt (mit Ausnahme des Kapitels 2.2, das bereits als UBA-Text 75/2017 veroffentlicht
wurde; fiir dieses Kapitel wurde die dort verwendete Ubersetzung mit «Planetare Leitplanke» iibernommen).
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Summary

The planetary boundaries concept was formulated in 2009 by an international research group led by
Johan Rockstrém, and revised in 2015 by Will Steffen and colleagues (Rockstrom et al. 2009; Steffen et
al. 2015b). The concept emerged against the background of the Anthropocene - a period of time asso-
ciated with rapidly growing environmental pressures, and increasing degradation and scarcity of
global environmental resources, which intensifies risks for the stability and functioning of the Earth
system. The human burden on the global environment and ecosystems has reached a level where sud-
den non-linear systemic changes can no longer be ruled out. Economic and consumer activities disre-
gard the buffer and regenerative capacities of environmental compartments, and overuse natural re-
sources, undermining the capacity of Earth’s system to self-regulate. Overall, there is a risk of weaken-
ing the resilience of the Earth system either through gradual change or by triggering so-called tipping
points, which would permanently disrupt global ecosystems and ultimately social-ecological systems.

The most important challenge to the further development of the planetary boundaries concept - in ad-
dition to deepening the scientific foundations of the concept - is the development, translation, opera-
tionalization, utilization, downscaling and application of the concept in order to establish concrete en-
vironmental and sustainability goals. The UFOPLAN project 'Planetary Boundaries - Challenges for Sci-
ence, Civil Society and Politics' (FKZ 3714 100 0) addresses the challenge of operationalizing the plan-
etary boundaries concept. The project examines the strengths, weaknesses, opportunities and risks of
the concept, and analyzes the requirements the concept places on politics, science, civil society and
business, with the aim of informing the political implementation of the concept.

Individual papers address crosscutting issues and political focus topics. The papers on crosscutting
issues introduce the planetary boundaries concept, analyze possible risks associated with crossing the
nine boundaries, address the concept’s relationship to the concept of the Anthropocene, explore ways
to operationalize the concept, examine the interplay between social and planetary boundaries, con-
sider the implications for burden sharing, and investigate the potential of the concept for environmen-
tal communication. The political focus topic papers deal with the question of how the planetary bound-
aries concept can be applied to specific areas of environmental policymaking. Among other things, the
political focus topic papers aim to support the formulation of a national integrated nitrogen strategy
and the Integrated Environmental Programme 2030.

Next steps for the operationalization of the concept were discussed at a two-day conference in spring
2017 and subsequently elaborated. In the field of politics, important next steps include the further in-
tegration of the planetary boundaries concept in sustainability strategies. At the scientific level, future
science funding should be directed more toward integrated development and operationalization. In
the economic domain, important next steps include engaging businesses in the development of meth-
ods for downscaling and application of the concept at the company level, and the analysis of business
sustainability standards and their linkages to planetary boundaries.
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Ausfiihrliche Zusammenfassung

Ausgangsstellung

Das Konzept der ,Planetaren Grenzen“3 wurde 2009 durch eine internationale Forschergruppe um Jo-
han Rockstrom formuliert und 2015 durch Will Steffen und weitere Wissenschaftlerinnen und Wissen-
schaftler iiberarbeitet und aktualisiert (Rockstrom et al. 2009; Steffen et al. 2015b). Das Konzept ent-
stand vor dem Hintergrund des Zeitalters des Anthropozans, das verbunden ist mit einem schnell
wachsenden Druck auf die Umwelt, einer immer stiarkeren Degradation und Verknappung von
globalen Umweltgiitern und einer moéglichen Gefahrdung der Funktionen des Erdsystems. Die
Belastung der globalen Umwelt und der Okosysteme durch den Menschen hat ein Ausmaf erreicht, bei
dem plotzliche nicht-lineare systemische Veranderungen nicht mehr auszuschliefien sind. Die
Wirtschafts- und Konsumaktivitaten des Menschen untergraben die Kapazititen des Erdsystems, sich
selbst zu regulieren, weil die Pufferkapazitat und Regenerationsfiahigkeit der Umweltmedien
missachtet und die natiirlichen Ressourcen iibernutzt werden. Insgesamt entsteht die Gefahr, so
genannte tipping points (Kipp-Punkte) anzustofen, die die Okosysteme und damit letztlich auch sozial-
okologische Systeme dauerhaft aus ihrem bisherigen Gleichgewicht bringen, oder die Resilienz des
Erdsystems durch graduellen Wandel zu beeintrachtigen.

Aufbauend auf Vorlaufer- und verwandten Konzepten wie ,Limits to Growth, ,Carrying Capacity*,
,Critical Loads", ,Tolerable Windows", dem Leitplankenansatz des WBGU, dem Vorsorgeprinzip sowie
auf der Erdsystem- und Resilienzforschung definiert das Konzept einen globalen nachhaltigen Ent-
wicklungsraum (safe operating space) und identifiziert neun Prozesse, die zentral fiir die Stabilitat des
Erdsystems sind. Dazu zdhlen der Klimawandel, die Versauerung der Meere, der Ozonverlust in der
Stratosphdre, die Intaktheit der Biosphare, der Landnutzungswandel, die SiiRwassernutzung, biogeo-
chemische Kreislaufe (Stickstoff- und Phosphorkreisldaufe), der Aerosolgehalt der Atmosphéare und die
Einbringung neuer Substanzen und modifizierter Lebensformen. Fiir eine Mehrzahl dieser Prozesse
quantifiziert das Konzept sichere Abstinde (Grenzen) zu Bereichen mit erhdhtem und hohem Risiko
fiir gravierende Folgen. Wie Abbildung 1 illustriert, sind nach der aktualisierten Darstellung von Stef-
fen et al. (2015a) vier der planetaren Grenzen bereits iiberschritten (Klimawandel, Biosphare, biogeo-
chemische Kreislaufe, Landnutzungswandel).

3 Der Begriff «planetary boundaries» kann unterschiedlich iibersetzt werden, bspw. mit «Planetare (Belastungs-)Grenzen»,
«Planetarische (Belastungs-)Grenzen» oder «Planetare Leitplanken». Nachfolgend wird «planetary boundaries» durchgéin-
gig mit «Planetare Grenzen» iibersetzt (mit Ausnahme des Kapitels 2.2, das bereits als UBA-Text 75/2017 veroffentlicht
wurde; fiir dieses Kapitel wurde die dort verwendete Ubersetzung mit «Planetare Leitplanke» {ibernommen).
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Abbildung 1: Planetare Grenzen
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Quelle: angepasst und Ubersetzt nach Steffen et al. 2015a

Seit der Veroffentlichung der Publikation ,Safe operating space for humanity” (Rockstréom et al. 2009)
ist das Konzept der ,Planetaren Grenzen“ auf grof3es Interesse, aber auch auf Kritik gestofden.
Wahrend es primar als wissenschaftliches Konzept der Erdsystemwissenschaft entwickelt wurde, ist
die Anwendbarkeit des Konzepts in der Politik als Leitlinie fiir eine nachhaltige Entwicklung vielfach
diskutiert worden, mit einem weiten Spektrum unterschiedlicher Einschatzungen dazu. Die Autoren
des Konzeptes (bspw. Will Steffen, Johan Rockstrom etc.) betonen, dass es keinen politischen
Masterplan darstelle, sondern in erster Linie einen wissenschaftlichen Ansatz fiir einen globalen
Aktionsrahmen biete.

Kritisiert wird unter anderem, dass die planetaren Grenzen mit groféen Unsicherheiten - auch hin-
sichtlich ihrer Dynamik - behaftet seien und ihre Kritikalitit zu wenig belegt sei (also in welchem Um-
fang durch die Ubertretung der Grenzen und Umweltdegradation nachhaltige Entwicklung gefihrdet
sein wird; vgl. Montoya et al. 2017). Aufserdem wird angemerkt, dass die Kipp-Punkte der planetaren
Grenzen moglicherweise nicht existierten - oder zumindest nicht an den genannten Punkten -, dass
die vorgeschlagenen Kontrollvariablen der planetaren Grenzen nicht ausreichten und dass die
komplexen Wechselwirkungen zwischen den betreffenden Umweltsektoren, die durch die planetaren
Grenzen reprasentiert werden (und die daraus resultierenden systemic thresholds), nicht gentigend
beachtet worden seien. Weiterhin wird kritisiert, dass moglicherweise nicht alle genannten Grenzen
Relevanz fiir das Erdsystem hétten, sondern sich lediglich auf lokale, kontext-spezifische Prozesse
bezogen (vgl. bspw. Nordhaus et al. 2012). Aus sozial- bzw. politikwissenschaftlicher Perspektive
wurde unter anderem angemerkt, dass das Konzept falsche kommunikative Signale senden kénne:
dass es ndmlich einerseits kommuniziere, dass noch Raum bis zur Grenziiberschreitung bestehe (un-
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terhalb der Grenze), und andererseits, dass einige Grenzen sowieso schon iiberschritten seien (Schle-
singer 2009). So kénnten sich einerseits Inaktivitdt und andererseits Fatalismus einstellen (vgl. Brook
und Bradshaw 2013).

Das Konzept hat das Potenzial, globale Umweltprobleme in ihrer Gesamtheit (holistisch) leicht fassbar
zu illustrieren, was Anschlussfahigkeit ermdoglicht und gesellschaftlichen Riickhalt fiir politische
Entscheidungen schaffen kann. Jedoch bedarf es noch einiger Forschungs- und Ubersetzungsarbeit, um
die bisher entwickelten Annahmen zu konkretisieren (und in nationale und regionale Politik zu tiber-
setzen) und genauere Kenntnisse (bspw. zum Herunterskalieren oder zu den Wechselwirkungen der
einzelnen planetaren Grenzen) zu erhalten.

Die wichtigsten Herausforderungen fiir die planetaren Grenzen sind erstens die wissenschaftliche
Weiterentwicklung des Konzepts und zweitens die Ubersetzung, Operationalisierung, Nutzbarma-
chung, Herunterskalierung und Anwendung des Konzepts - bspw. hin zu konkreten Umwelt- und
Nachhaltigkeitszielen. Diese Herausforderungen sind von Wissenschaft, Politik, Privatsektor und
Zivilgesellschaft gemeinsam anzugehen, weil nur durch den Austausch dieser Akteure sichergestellt
wird, dass das Planetare-Grenzen-Konzept auch fiir zentrale Bereiche der Gesellschaft anwendbar
wird.

Ziele des Vorhabens und Beschreibung des Projektverlaufs

An der zweiten zentralen Herausforderung - der Operationalisierung - setzt das UFOPLAN-Vorhaben
»Planetare Grenzen - Anforderungen an die Wissenschaft, Zivilgesellschaft und Politik“ (FKZ 3714 100
0) an. adelphi, das Potsdam Institut fiir Klimafolgenforschung und das Stockholm Environment Insti-
tute untersuchten im Auftrag des Umweltbundesamtes und des Bundesministeriums fiir Umwelt, Na-
turschutz, Bau und Reaktorsicherheit die Starken und Schwachen sowie Chancen und Risiken des Kon-
zeptes fiir die Bereiche Wissenschaft, Gesellschaft, Politik und Wirtschaft. Ziel des Projektes war es, die
Anforderungen, die das Konzept an Politik, Wissenschaft, Zivilgesellschaft und Wirtschaft stellt, zu
analysieren und entsprechend konkrete Informationen fiir die politische Umsetzung des Konzepts be-
reitzustellen. Hierflir wurden durch das Projekt Inputs in Form von Inputpapieren in den laufenden
politischen Prozess gespiegelt, um die Umsetzung des Konzepts zu unterstiitzen. Unterziele des Vorha-
bens waren (1) die Bestandsaufnahme zur Konzeptentwicklung der ,Planetaren Grenzen“ und deren
Quantifizierung, (2) die Auswertung fiir die nationale politische Praxis (z. B. integriertes Umweltpro-
gramm, integrierte Stickstoffstrategie), (3) eine Fortfithrung des Dialogprozesses zu den planetaren
Grenzen (Fachdialoge, Vernetzungstreffen, Abschlusskonferenz) sowie (4) die Entwicklung von Hand-
lungs- und Forschungsempfehlungen fiir Politik und Wissenschaft.

Im Projektverlauf wurde das urspriinglich in einzelne Arbeitspakete strukturierte Vorhaben modifi-
ziert, um den oben skizzierten Zielen des Vorhabens Rechnung zu tragen. Die Arbeiten wurden hierfiir
starker verschrankt (grundlegende Fragen und Anwendungsfragen, naturwissenschaftliche und sozi-
alwissenschaftliche Zugéange); konkreter Output war die Erstellung von Papieren zu Querschnittsthe-
men und Fokusthemen.

Querschnittspapiere beschaftigen sich mit Themen, die fiir diverse politische Prozesse von Bedeutung
sind. Inhaltlich handelt es sich hierbei sowohl um eher naturwissenschaftlich ausgerichtete Fragestel-
lungen als auch um eher sozialwissenschaftlich gepragte Themen. Schwerpunkte dieser Querschnitts-
themen waren:

» Eine Einfithrung in das Thema , Planetare Grenzen“ und die Charakterisierung des Konzepts

» Die Darstellung des Wissensstands zu Dynamiken, Trendsund Risiken, die mit den Planetaren
Grenzen verbunden sind;

» Die vertiefte Analyse des Konzepts des Anthropozans als ,Hintergrund“ und Pramisse der pla-
netaren Grenzen
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» Die Operationalisierung der planetaren Grenzen (im Sinne der Herunterskalierung auf hand-
lungsrelevante Skalen) und die Verkntipfung des Konzepts mit der Analyse konsumbasierter
Verlagerungseffekte

» Die Analyse des Zusammenspiels sozialer und planetarer Grenzen
» Den Zusammenhang mit Burden Sharing
» Die Untersuchung des Umweltkommunikationspotenzials der planetaren Grenzen

Neben den Querschnittspapieren wurden Papiere zu politischen Fokusthemen erstellt. Diese Papiere
setzten sich aus unterschiedlichen Perspektiven damit auseinander, in welcher Weise das Konzept der
»Planetaren Grenzen“ an einzelnen Stellen der Umweltpolitik sinnvoll eingesetzt werden kann.
Schwerpunkte waren unter anderem die Unterstiitzung der Formulierung einer nationalen integrier-
ten Stickstoffstrategie sowie des Integrierten Umweltprogramms 2030.

Nachfolgend werden die Inhalte und Ergebnisse der einzelnen Querschnittspapiere sowie einzelner
Fokuspapiere zusammengefasst. Da die einzelnen Papiere als fiir sich stehend konzipiert wurden (mit
jeweils eigener Einleitung, Analyse und Schlussteil), werden sie jeweils einzeln dargestellt. Sich wie-
derholende Aspekte (bspw. aus den jeweiligen Einleitungen der Querschnittspapiere) werden nur ein-
mal erliutert.

Querschnittsfragen: Ubergeordnete, politikrelevante Fragestellungen

Das Konzept der Planetaren Grenzen — Chance fiir nachhaltige Entwicklung, Perspektiven fiir eine integra-
tive Umwelt- und Nachhaltigkeitspolitik

Das Papier charakterisiert das Konzept der ,Planetaren Grenzen®, skizziert Weiterentwicklungen und
diskutiert nationale und regionale Anwendungen (siehe Kapitel 1.1). Es ist konzipiert als Einfithrung
in das Konzept, richtet sich an einen weiteren Interessentenkreis und ist teilweise in Form von Thesen
strukturiert. Nachfolgend werden zentrale Punkte des Papieres hervorgehoben.

Das Konzept der ,Planetaren Grenzen* fasst insgesamt den Stand der Wissenschaft zu grofdmafstibi-
gen Umweltgrenzen zusammen und versucht anhand von Leitplanken einen globalen nachhaltigen
Entwicklungsraum (safe operating space) zu definieren. Dies geschieht mithilfe von Kontrollvariablen
fiir die neun Umweltkompartimente bzw. -prozesse zu Klima, Biosphére, Land, Wasser, biogeochemi-
schen Kreisldufen, Ozeanen, stratospharischem Ozon, Aerosolen und neuartigen Substanzen. Die Re-
duktion dieser komplexen Prozesse auf einzelne, gut kommunizierbare Kontrollvariablen, analog dem
Zwei-Grad-Ziel, hat zu einer raschen Aufnahme des Konzepts in Politik und gesellschaftliche Diskurse
gefiihrt. So nehmen international z. B. das High Level Panel on Global Sustainability sowie das 7. Um-
weltaktionsprogramm der EU auf die planetaren Grenzen Bezug. Auf nationaler Ebene sind die plane-
taren Grenzen z. B. in das Integrierte Umweltprogramm 2030 (IUP) sowie in die Deutsche Nachhaltig-
keitsstrategie eingegangen.

Die folgenden Grundprinzipien charakterisieren die planetaren Grenzen:

» Fiir die planetaren Grenzen ist der historische Klima- und Erdsystemzustand (das Holozan) die
Referenz.

» Das wissenschaftliche Konzept der ,Planetaren Grenzen“ weist auf die Risiken hin, die mit ei-
nem Verlassen des bisherigen Holozan-Zustands verbunden sind.

» Die neun planetaren Grenzen betreffen physikalische, chemische und biologische Prozesse des
Erdsystems.

» Die planetaren Grenzen erweitern die Global-Change-Debatte iiber das Klimathema hinaus.

» Die planetaren Grenzen beschreiben den Zustandsraum des Erdsystems, in welchem nachhal-
tige Entwicklung moglich ist.
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Planetare Grenzen basieren auf dem Vorsorgeprinzip.

Planetare Grenzen stellen (erd-)systemische Grenzen dar. Einige der planetaren Grenzen sind
bereits tiberschritten.

Die Folgen der Uberschreitungen der einzelnen planetaren Grenzen sind noch nicht vollstindig
bekannt.

Die planetaren Grenzen werden zunehmend raumlich explizit und auf der Ebene der handeln-
den Akteure, v. a. von Staaten, dargestellt.

Innerhalb der planetaren Grenzen gibt es erhebliche Chancen fiir Transformationen.

Das Konzept der ,Planetaren Grenzen“ hat Implikationen fiir die Gerechtigkeits- und Nachhal-
tigkeitsdebatte.

Die wissenschaftliche Weiterentwicklung der planetaren Grenzen konzentriert sich auf deren
globale Quantifizierung und regionale Anwendung.

Weiterentwicklungen der planetaren Grenzen von der ersten Publikation (Rockstrém et al. 2009) zu
der Revision von 2015 (Steffen et al. a) umfassen z. B.:

>

Die rate of biodiversity loss (Grad des Biodiversititsverlustes) wurde zu change in biosphere
integrity (Veranderung der Intaktheit der Biosphare), wobei zusatzlich der Indikator biodiver-
sity intactness index (Index der Intaktheit der Biosphare) eingefiihrt wurde.

Nitrogen & phosphorus cycle (Stickstoff- und Phosphorkreislauf) wurde zu biogeochemical
flows (biogeochemische Fliisse), worunter auch (bislang noch nicht quantifizierte) Grenzen fiir
andere Elemente wie Silizium fallen; fiir Stickstoff (N) und Phosphor (P) wurden zusatzlich zu
den globalen Grenzwerten auch regionale eingefiihrt.

Fiir land system change (Wandel der Landsysteme) wurde der Indikator ,Maximal méglicher
Anteil von Ackerland an der Gesamtlandflache” zu ,Mindestens zu erhaltender Waldanteil“ ge-
dndert und letzterer rdumlich bzw. nach Biomen differenziert (tropische, temperate, boreale
Walder).

Die planetare Grenze fiir freshwater use (Stifwassernutzung) wird jetzt zusatzlich fiir jedes
Flusseinzugsgebiet einzeln bestimmt, basierend auf dem Wasserbedarf aquatischer Okosys-
teme (environmental flow requirements) und daraus der global aggregierte Wert berechnet
(bottom-up construction of the planetary boundary, d. h. Entwicklung der planetaren Grenze aus
lokalen bzw. regionalen Grenzen).

Flr atmospheric aerosols (Aerosolgehalt der Atmosphare) wurde erstmals ein Grenzwert (at-
mospheric optical depth 0.25) festgelegt, allerdings nur fiir eine Region (South Asia Monsoon).
Chemical pollution (2009) (Verschmutzung mit Chemikalien) wurde zu introduction of novel
entities, wobei diese planetare Grenze jetzt weiter gefasst wird und auch modified life-forms
umfasst (Einfiihrung neuer Substanzen und modifizierter Lebensformen); hier wurden drei
Kriterien fiir kritische Substanzen (Persistenz, Mobilitat iiber Skalen hinweg mit entsprechend
weiter Verbreitung, potenzielle Auswirkungen auf wichtige Prozesse des Erdsystems oder sei-
ner Sub-Systeme) definiert, allerdings noch keine Indikatoren oder Grenzwerte bestimmt.

In der zentralen Grafik, dem ,Planetare-Grenzen-Kreis“ (siehe Abbildung 1), wurde ein zusatz-
licher gelber Bereich fiir erhéhtes Risiko eingefiihrt, sodass sich der derzeitige Status einiger
planetarer Grenzen verandert hat.

Zwei planetare Grenzen, die fiir Klimawandel und die fiir Anderungen der Biosphirenintegri-
tat, werden jetzt als core boundaries (Kerngrenzen) mit besonderer Bedeutung fiir die Funkti-
onsfahigkeit des Erdsystems herausgehoben; sie stellen die am starksten systemischen plane-
taren Grenzen dar und interagieren mit allen anderen Grenzen.
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Was die Folgen der Uberschreitung von Grenzwerten betrifft, so wird jetzt differenzierter dargestellt,
dass nicht alle Uberschreitungen der Grenzen zu abrupten Reaktionen (regime shifts) fithren miissen,
sondern auch moderate bzw. kontinuierliche Reaktionen erfolgen konnen. Auch ist inzwischen klar,
dass nicht alle Uberschreitungen globale Dimensionen haben, sondern z. B. die fiir Wasser und Land
eher lokalen bis regionalen Charakter haben. Die kumulativen Folgen vielfacher lokaler Grenzwert-
liberschreitungen stellen allerdings wiederum ein Risiko fiir die Funktionsfahigkeit des Erdsystems
dar.

Durch eine beginnende raumliche Differenzierung und raumlich explizite Darstellung der planetaren
Grenzen (downscaling) wird der raumlichen Heterogenitidt von Umweltzustianden und der Sensitivitat
gegeniiber den zugrundeliegenden Prozessen Rechnung getragen. Damit wird auch die Integrierbar-
keit in lokale Umweltziele und die Operationalisierbarkeit und Anschlussfahigkeit der planetaren
Grenzen an nationale Prozesse verbessert. Ein solches downscaling ist fiir einzelne Grenzen wie Was-
ser und Land und fiir Lander bzw. Regionen schon erfolgt.

Flir Schweden sind die planetaren Grenzen fiir die Quantifizierung des sogenannten generational goal
angewendet worden. Fiir die Schweiz konnte eine rasch wachsende Externalisierung der Umweltaus-
wirkungen (und damit des Drucks auf die Grenzen) aufgrund von schweizerischen Konsummustern
und entsprechenden Importen festgestellt werden. Fiir Europa konnte gezeigt werden, dass die Pro-
Kopf-Werte der Umweltauswirkungen weit iiber dem globalen Mittel und iiber den aus den planetary
boundaries errechneten zuldssigen Pro-Kopf-Grenzwerten liegen und dass sich die Umweltauswirkun-
gen europdischer Konsummuster zunehmend in andere Weltregionen verlagern.

Fiir Stidafrika ist ein nationales ,Barometer” entwickelt worden, welches die Nachhaltigkeit der Ent-
wicklung in Hinblick auf einen safe and just space misst, also bereits versucht, biophysikalische Um-
weltziele und sozio-6konomische Entwicklungsziele zu integrieren. Fiir China ist das Konzept eben-
falls um sozio-6konomische Grenzen erweitert und auf lindliche Gemeinden in den Provinzen Yunnan
und Anhui angewendet worden.

Environmental Policy-Making in the Anthropocene

Das Querschnittspapier ,,Environmental Policy-Making in the Anthropocene” (siehe Kapitel 1.3) be-
schaftigt sich mit den Auswirkungen unterschiedlicher Anthropozan-Verstidndnisse auf die Umweltpo-
litik. Es analysiert aus sozial- bzw. geisteswissenschaftlicher Perspektive drei (im Diskurs prasente)
Interpretationen des ,Anthropozins®. Im Fokus stehen dabei (1) Implikationen fiir das Selbstverstind-
nis, die Rolle und Aufgaben deutscher Umweltpolitik, (2) fiir Politikinstrumente, Institutionalisierung
und internationale Zusammenarbeit der Umweltpolitik sowie (3) flir den Gestaltungsanspruch der
Umweltpolitik und (politischer) Risiken und Chancen, welche die jeweilige Interpretation mit sich
bringt.

Ausgangspunkt der Analyse ist eine kursorische Darstellung unterschiedlicher Mensch-Natur-Interak-
tionen sowie von Naturverstiandnissen von der vorindustriellen Zeit bis heute. Drei unterschiedliche
Dichotomien von ,Natur“ werden identifiziert:

» Instrumenteller vs. intrinsischer Wert der Natur: Natur als Mittel zum Zweck (als Instrument)
vs. inharenter Wert der Natur (asthetischer oder spiritueller Wert der Natur)

» Dualismus vs. Holismus: Natur und Mensch sind ontologisch getrennt (z. B. durch die dem
Menschen inhdrente Vernunft) vs. Mensch als untrennbarer Teil der Natur (Menschen als
Tiere)

» Animismus vs. Materialismus: nicht-menschliche Entititen wie Fliisse oder Seen haben eine
,Seele” oder einen , Geist” vs. Natur besteht ausschliefilich aus Materie
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Auf Grundlage dieses Rasters sowie der zuvor erfolgten kursorischen Darstellung der Mensch-Natur-
Interaktionen lassen sich die planetaren Grenzen einordnen. Im Konzept der ,Planetaren Grenzen“ fin-
den sich spezifische Auspragungen der zuvor skizzierten Mensch-Natur-Interaktionen bzw. auch spe-
zifische Auspragungen der drei Dichotomien wieder: Die Idee einer Verantwortungs- und Fiihrungs-
rolle des Menschen gegeniiber der Natur, wie sie sich teils auch in der christlichen Tradition wieder-
findet scheint auch in der Diskussion um Planetare Grenzen auf;

» Die Idee einer Verantwortungs- und Fithrungsrolle des Menschen gegeniiber der Natur, wie sie
sich teils auch in der christlichen Tradition wiederfindet, scheint auch in der Diskussion um
planetare Grenzen auf.

» Die Idee einer Natur, die menschlichen Interessen dient (instrumenteller Wert), wird auch im
Konzept der ,Planetaren Grenzen“ impliziert - sie dienen einer nachhaltigen menschlichen
Entwicklung innerhalb eines durch Gesellschaften bzw. in Arbeitsteilung durch Wissenschaft-
lerinnen und Wissenschaftler definierten sicheren Handlungsraumes.

» Die Idee einer organischen und holistischen Natur findet sich auch im Konzept der ,Planetaren
Grenzen“ wieder: So werden die Interaktionen zwischen einzelnen Erdsystemprozessen stark
betont.

» Die materialistische Tendenz des Konzepts der ,Planetaren Grenzen“ kann als starke Abgren-
zung zum Animismus verstanden werden.

» Der Fokus auf Empirismus als Basis fiir Fortschritt, wie er grundlegend fiir die Epoche der wis-
senschaftlichen Revolutionen ist, liegt auch dem Anspruch der planetaren Grenzen zugrunde,
wissenschaftlich quantifizierte Grenzwerte bereitzustellen.

Im Anschluss hieran wird das Konzept des ,Anthropozans” als interpretationsoffen charakterisiert. Es
ist nicht primar als Ausfluss einer Diskussion innerhalb der Disziplin der Geologie zu verstehen, son-
dern hat vielmehr politische, moralische, kulturelle und sogar metaphysische Konnotationen und ist
als Konzept auch aufderhalb der Disziplin der Geologie gepragt worden. Erst durch die wachsende Po-
pularitdt beschaftigten sich auch Geologen mit der Idee einer neuen, durch Menschen gepragten Epo-
che. So ergeben sich ganz unterschiedliche Verstiandnisse des Anthropozans, das beispielsweise als
»0Kkologische Katastrophe®, ,Ausdruck der Moderne“, ,Angriff auf Menschenrechte oder auch ,Konsu-
mentenexzess” gedeutet wird (libersetzt nach Autin 2016: 5).

Aufbauend auf und in Modifikation von drei durch Will Steffen identifizierten ,philosophischen Ansét-
zen“ einer Reaktion auf das Anthropozan werden im Querschnittspapier drei mogliche Interpretatio-
nen des Anthropozans vorgestellt. Diese betrachten das Anthropozan einmal aus natur-bewahrender
Perspektive (Mensch als Bewahrer), aus Sicht einer stiarker naturgestaltenden Interpretation (Mensch
als Gartner) sowie einer stark natur-verandernden und -kontrollierenden Perspektive (Mensch als Er-
dingenieur).

Aus bewahrender Perspektive wird das Anthropozan als ,Fremdkdrper” wahrgenommen, der zu kor-
rigieren ist. ,Natur” wird in dieser Deutung holistisch verstanden; sie ist nicht nur Objekt menschli-
chen Handelns, sondern eigenstdndiges Subjekt, das heifdt eine Entitat, die zu achten ist. Im Anthropo-
zan missachten wir aber diese Natur konsequent und in immer starkerem Maf3e. Gleichzeitig entste-
hen Risiken fiir uns Menschen, da wir uns fortschreitend unsere Lebensgrundlagen entziehen. Um aus
dem Anthropozdn wieder in das Holozan zu gelangen, miissen wir im Sinne dieser Deutung unseren
Einfluss auf die Natur umfassend einschranken und der Natur wieder wesentlich mehr Raum ohne
menschlichen Einfluss lassen. Leitprinzipien sollten Suffizienz sowie eine Riickbesinnung auf die be-
lebte Natur werden.

Aus Perspektive der starker naturgestaltenden Interpretation (,Gartner-Interpretation“) bietet das
Anthropozin sowohl Risiken als auch Chancen. Wir sind jetzt zwar in einem Zustand der Mensch-Na-
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tur-Interaktion, in dem wir die Natur so stark beeinflussen, dass der Begriff des ,Anthropozans* ge-
rechtfertigt ist. Aber wir konnen dieses Anthropozan auch so beeinflussen, dass es ,gut” wird, indem
wir versuchen, es nach Art des Holozans auszugestalten. Hierfiir miissen wir die planetaren Grenzen
der Erde achten, unsere Gesellschaften innerhalb dieser Grenzen transformieren und insgesamt zu ei-
nem klug sachwaltenden Gartner werden.

Aus einer stark naturgestaltenden und -kontrollierenden Perspektive ist die Natur ein reines Instru-
ment fiir unseren Wohlstand und Fortschritt. Als Erdingenieure manipulieren wir die Erde schon sehr
lange; der Menschheit gelang es hierdurch, vormalig existierende 6kologische Grenzen zu verschieben,
indem Technologien und menschliche Organisationsformen so eingesetzt wurden, dass beispielsweise
die Agrarproduktion erhoht wurde. Wir sind nicht einfach der Natur ausgesetzt, sondern durch unsere
Vernunft und Innovationsgabe von ihr abgesetzt. Hieraus folgt, dass wir unsere technischen Fahigkei-
ten zur Beherrschung der Erde weiter perfektionieren miissen und die Entwicklung des Anthropozans
insgesamt weiter vorantreiben sollten. Das Projekt einer Riickkehr zum Holozan ist insgesamt abzu-
lehnen.

Diese drei Deutungen des Anthropozans kénnen wiederum in Bezug zum Konzept der ,Planetaren
Grenzen“ gesetzt werden (siehe Abbildung 2, die wie das Querschnittspapier auf Englisch wiedergege-
ben wird). Die bewahrende Perspektive (,Preservationist”) steht nicht grundsatzlich im Widerspruch
zu den planetaren Grenzen; dass Pufferkapazitaten der Erde zu beachten sind, wiirde auch der Bewah-
rer mittragen. Gleichzeitig sind die planetaren Grenzen aber nicht weitreichend genug; es reicht nicht
aus, das Anthropozan positiv zu transformieren. Vielmehr muss das Experiment der menschlichen Do-
minanz iiber die Erde insgesamt abgebrochen werden und die Riickkehr zum Holozédn im Vordergrund
stehen. Die ,Gartner-Perspektive“ ist mit dem Konzept der ,Planetaren Grenzen“ weitgehend koha-
rent; allerdings lassen die Grenzen grundsatzlich Entwicklungswege innerhalb des sicheren Hand-
lungsraumes offen. Insofern ist die Transformationsperspektive nur eine der moglichen Antworten.
Die Perspektive des Erdingenieurs betrachtet die planetaren Grenzen als nicht gewinnbringend, sie
koénnen durch menschliches Handeln bestdandig verschoben werden.

Abbildung 2: Drei Deutungen des Anthropozédns und Einordnung der Planetaren Grenzen
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Quelle: Eigene Darstellung, adelphi; Bild der Erde: SeaWiFS Project, NASA/Goddard Space Flight Center, und OR-
BIMAGE

Aufbauend auf der Charakterisierung der drei Interpretationen werden im nachsten Schritt jeweils Im-
plikationen fiir die deutsche Umweltpolitik abgeleitet. In der bewahrenden Perspektive adressiert die
Umweltpolitik die Treiber des Anthropozans, insbesondere gesellschaftliche und 6konomische Struk-
turen, Lebensstile, Werte und Produktionsmuster; Suffizienz wird als allumfassendes Prinzip propa-
giert und Wirtschaftsaktivitditen moglichst radikal reduziert. Gleichzeitig wird der Naturschutz aufge-
wertet und die Riickgewinnung der Wildnis (re-wilding) vorangetrieben. Kompromisse und weiche
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Losungen (wie Selbstverpflichtungen), ,griines Wachstum* oder technologische Losungen fiir Umwelt-
probleme treten vollkommen in den Hintergrund. Auf der institutionellen Seite wird der Naturschutz
und diejenigen Referate und Organisationseinheiten, die sich dem Naturschutz verbunden fiihlen,
stark aufgewertet. International wiirde die Umweltpolitik sich dafiir stark machen, nachholende Ent-
wicklung und Modernisierungsansatze als Entwicklungsmodelle abzulehnen.

In der starker naturgestaltenden ,Gartner-Perspektive“ widmet sich die Umweltpolitik nachhaltiger
Entwicklung innerhalb der planetaren Grenzen. [hrem Selbstverstiandnis nach ist Umweltpolitik ver-
nunftgeleitet, und dhnlich wie ein Gartner durchdringt sie den Gang der Natur und greift behutsam ein,
wo es notwendig wird. Um zu dieser Vision eines fiir lange Zeit friichtetragenden Gartens zu gelangen,
bedarf es aber einer Nachhaltigkeits-Transformation unseres Umgangs mit der Natur. Innerhalb der
»Gartner-Interpretation“ des Anthropozans verandert sich die politische Sprache: Betont werden Mog-
lichkeiten, Vorteile, Innovationen und Loésungen innerhalb des Anthropozans. Politisch begibt sich die
Umweltpolitik innerhalb dieser Interpretation in wesentlich starkere Nahe zur Wirtschaft. Dahinter
steht das Bild einer gesamtgesellschaftlichen Kooperation und eines neuen Gesellschaftsvertrages zwi-
schen allen gesellschaftlichen Akteuren, die sich einer neuen Form des Wirtschaftens und Konsumie-
rens verschreiben.

In der Perspektive des Erdingenieurs wird das Anthropozin nicht abgelehnt, sondern bestirkt. Okolo-
gische Grenzen sind letztlich menschliche Konstrukte; die Erde ist wesentlich resilienter, als in den an-
deren Perspektiven angenommen wird. Das Selbstverstiandnis der Umweltpolitik verandert sich hier-
durch; im Mittelpunkt steht eine positive, zukunftsbejahende Sicht. Gleichzeitig kann der Planet auch
noch wesentlich stiarker so modifiziert werden, dass er menschlicher Entwicklung dienlich ist. Dazu
zahlt, negative Umweltverdnderungen zu antizipieren und ihnen durch technologische Lésungen ent-
gegenzuwirken. Durch die Bejahung eines wachsenden Eingriffs in die Natur wird die Umweltpolitik
damit selbst zu einer Kraft fiir das Anthropozan.

Mit allen drei Interpretationen verbinden sich spezifische politische Risiken. Die bewahrende Perspek-
tive beschwort eine erdgeschichtliche Wirklichkeit, die angesichts des immer starker werdenden
Anthropozins zunehmend verblasst; es erscheint immer unrealistischer, das Holozan ,,wiederherzu-
stellen®. International erscheint das Modell wenig erfolgsversprechend, stellt es doch das Wirtschafts-
wachstum grundsatzlich in Frage; einen politischen Konsens hierzu international herzustellen er-
scheint sehr unwahrscheinlich. Die Sprache der , Gartner-Perspektive kann im politischen Raum auch
zu dem Effekt fiihren, dass unklar wird, warum entschieden transformiert werden soll (wenn es doch
im Anthropozan so viele Moglichkeiten gibt). Die Gartnermetapher verwischt aufderdem soziale Un-
gleichheiten und schwacht Ansatze, welche die Achtung vor der Natur ins Zentrum riicken. Der Erdin-
genieur steht vor den gleichen starken Risiken wie das Geo-Engineering: Die bisherige Forschung be-
tont hier, dass Nebeneffekte und unerwiinschte Langzeitfolgen auftreten konnen. Aufderdem kénnten
bestehende Bestrebungen zur Bekdmpfung von Umweltproblemen hinausgezogert werden, weil auf
technologische Losungen gesetzt wird, die am Ende die Erde doch wieder nach unseren Wiinschen
umgestalten; technologische Losungen wiirden voraussichtlich enorme Geldsummen benétigen, um
Veranderungen in grofsem Mafistab herbeizufiihren.

Planetary Boundaries: current status, trends, risks, criticality - what do we know, and what do we need to
know?

Das Querschnittspapier “Planetary Boundaries: current status, trends, risks, criticality — what do we
know, and what do we need to know?” (siehe 1.2) ist als Hintergrundpapier fiir das Umweltressort
konzipiert. Zielstellung ist es, bisher verfligbare wissenschaftliche Erkenntnisse beziiglich Status,
Trends, Risiken und Kritikalitat zusammenzustellen und hierauf aufbauend auch Unsicherheiten und
Wissensliicken anzuzeigen, die zu beachten sind, wenn politische Aussagen beziiglich des Konzepts
und seiner Implikationen getroffen werden. Zielstellung des Papieres war die Sekundarauswertung
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bestehender Arbeiten und die Darstellung dieser Ergebnisse. Es wurde daher zunachst darauf verzich-
tet divergierende Forschungsergebnisse hinsichtlich ihrer Plausibilitat oder Validitat zu bewerten.

Sofern im Rahmen des Umfangs des Papieres méglich - und in Abhangigkeit der Verfiigbarkeit der
Forscher/-innen - wurden punktuell Wissenschaftler/-innen eingebunden (allerdings fand kein syste-
matischer wissenschaftlicher Review-Prozess statt wie er im Rahmen von wesentlich grofier angeleg-
ten Prozessen wie den IPCC-Berichten oder auch im Rahmen von wissenschaftlichen Peer-Reviews
stattfindet). Fiir die Analyse von Trends/Dynamiken wurde iiber die urspriingliche Zielstellung des
Papieres hinausgegangen und in einem ersten Anlauf explorativ Trendprojektionen fiir einzelne Kon-
trollvariablen der Grenzen unter Einbeziehung von verfiigbaren Zeitreihen-Daten sowie der fiir die
Klimadiskussion entwickelten shared socioeconomic pathways bzw. SSP-Szenarien erstellt. Diese
Trendprojektionen sind als Ergdnzung zu der urspriinglich anvisierten Zielstellung zu betrachten und
haben keinen Review-Prozess durchlaufen. Sie sollten daher auch nicht als abschliefRendes (Peer-Re-
view-) Ergebnis oder auch als (Neu-)Bewertung der Ergebnisse von Steffen et al. (2015a) betrachtet
werden. Ausgangspunkt war hier vielmehr, dass zu dieser spezifischen Fragestellung noch keine For-
schungsergebnisse existieren und so zumindest ein ,first guess“ erarbeitet werden sollte.

Im Papier wurden fiir jede der neun Grenzen dargestellt:

» Kontrollvariable, Quantifizierung und Unsicherheiten: Definition der Kontrollvariablen, Quan-
tifizierung der planetaren Grenze, Status gegeniiber der quantifizierten Grenze, der Anteil
Deutschlands und der EU am Druck auf die Grenze (soweit moglich), Datenverfiigbarkeiten,
Konsens hinsichtlich der Grenze (Kritikalitdt, Notwendigkeit einer Grenze, wissenschaftliche
Stichhaltigkeit einer Grenze, Position der Grenze)

» Dynamik und Trends: Analyse der Trends und Dynamiken in Bezug auf die Kontrollvariablen
der planetaren Grenzen; in den Blick genommen wird die bisherige Entwicklung der Kontroll-
variablen, der Status in Bezug auf die planetaren Grenzen (Wurden diese bereits iiberschritten
bzw. wann werden sie unter verschiedenen Trendprojektionen iiberschritten?); auf Grundlage
verschiedener SSP-Szenarien wurden mogliche unterschiedliche Entwicklungspfade abgelei-
tet; einige dieser Pfade beinhalten die Mdoglichkeit, innerhalb des sicheren Handlungsraumes
zu bleiben oder hierhin zuriickzukehren bzw. zeigen Moglichkeiten fiir Nachhaltigkeitstrans-
formationen an.

» Risiken, Reversibilititen und Kritikalitat: Untersucht wurden biophysikalische und sozio-6ko-
nomische Risiken, die sich mit der Uberschreitung einzelner planetarer Grenzen verkniipfen;
auflerdem wurde die Kritikalitdt der Grenze abgeschatzt.

» Herunterskalierung und Politikimplikationen: Sofern sich aus der Analyse der einzelnen Gren-
zen auch Politikimplikationen ergaben, wurden diese einzelnen Informationen zum Herun-
terskalierungspotenzial der jeweiligen Grenze mit aufgenommen.

Methodisch basierte das Querschnittspapier auf einer Literaturrecherche sowie auf Befragungen von
Expertinnen und Experten. In Tabelle 1 werden zusammenfassend die Ergebnisse der Analyse kurso-
risch dargestellt. Details finden sich in Kapitel 1.2. Die Ergebnisse werden aufgrund der englischen
Sprache des Querschnittspapieres auf Englisch wiedergegeben.
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Tabelle 1:

Factsheets zu den einzelnen Planetaren Grenzen

Climate Change

Ocean Acidification

Stratospheric Ozone

Biosphere Integrity

Land-system change

Current global situation

Data availability

Consensus

Observed trend

Scenarios of future

trends

Teleconnections

Large scale risks

Boundary trans-
gressed in late 1980s

Very good
Broadly accepted

Atmospheric CO, con-
centration increasing;
annual emissions cur-
rently not increasing

Only a few of the RCPs
reach net zero emis-
sions by mid of the
century

Drivers (trade) and im-
pacts (e.g. of defor-
estation)

e.g. extreme events,
changes in water avail-
ability, changes in
(agro-)ecosystems
(more details in IPCC
2014a)

Currently boundary not
transgressed

Limited
Broadly accepted

Decreasing aragonite
saturation

Boundary will be trans-
gressed under all RCPs

effects manifest far
away from locations of
CO; emissions

Decreasing calcification;
negative impacts on ma-
rine ecosystems, hatch-
eries and food security

Depletion

Below boundary, ex-
cept Antarctica

Good

Agreement on critical-
ity of the boundary
and the need to re-
verse ozone depletion

Ozone concentration
has stabilized and/or
slightly increased
again

Ozone concentration
expected to increase
further

Locations of produc-
tion of ozone deplet-
ing substances and of
their impacts sepa-
rated by large distance

Impacts on health
(skin cancer), plants,
biogeochemical cy-
cling

Boundary trans-
gressed

Fragmented

Boundary debated

Biodiversity loss could
not be stopped

Biodiversity loss not
stopped

Externalization of im-
pacts through supply
chains but also
through climate
change

Loss of ecosystem
functions, services;
impacts on health,
economy and loss of
resilience of social-
ecological systems

Boundary transgressed
around 1990

Good
Broadly accepted

Total global forest area
keeps decreasing

Widely diverging scenar-
ios

trade related externaliza-
tion of pressures on for-
ests, hydrological and cli-
matic impacts across large
distances

Loss of biodiversity and
ecosystem services,
change in large-scale cli-
mate and moisture recy-
cling,
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Reversibility, adaptabil-
ity

Criticality

CO;can remain in at-
mosphere for centu-
ries, carbon capture

potential is limited

High

Biogeochemical Flows

reversibility only over
extremely long time
scales

High

Freshwater Use

Fully reversible; adapt-
ability depends on
speed of change

Decreasing

Atmospheric Aerosol

Extinct is extinct, spe-
cies cannot be re-
placed; poor people
depend more strongly
on intact biosphere
and hence adaptation
is more critical

High

Novel entities

Deforestation difficult to
reverse, in particular nat-
ural forest are hard to re-
store

High

Current global situation

Data availability

Consensus

Observed trend

Scenarios of future
trends

Boundary trans-
gressed according to
Steffen et al. (2015)

Good

Medium to low

Increase according to
Steffen et al. (2015)

Decrease in anthropo-
genic N-fixation and
global P-delivery un-
der all SSP scenarios

Boundary not yet trans-
gressed

No globally harmonized
data on consumptive use
available

Low: local to regional
scale boundaries seem
to be more critical than
global boundary

Consumptive freshwater
use is increasing globally

Freshwater use increas-
ing under all SSPs

Loading

Boundary exceeded in
south Asia

Global dataset
available

Medium to low

Spatially and tempo-
rally highly variable
aerosol loading; grow-
ing in some world re-
gions

For particulates de-
creasing under differ-
ent SSP scenarios

n.a.

n.a.

Necessity to include
novel entities ac-
cepted

n.a.

n.a.
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Teleconnections

Large scale risks

Reversibility, adaptabil-
ity

Criticality

Some of the N com-
pounds are subject to
long distant transports

Eutrophication of
freshwater bodies
coastal eutrophication
and subsequent an-
oxic/dead marine
zones,

acidification of soils,
changes in ecosystems

Reversibility moderate
if strong measures are
taken; adaptability
low for poorer com-
munities

High

Quelle: Eigene Darstellung, PIK, adelphi

Drivers and impacts of
changes often sepa-
rated, e.g. via trade and
atmospheric moisture
transport

Impacts on aquatic eco-
systems, changes in dilu-
tion of pollution, chang-
ing green water and at-
mospheric moisture
flows

Direct effects reversible

Multiple changes in the
hydrological cycle and
water resources are criti-
cal throughout the Earth
system

Long distant transport
in higher altitude

Global warming, hy-
drological cycle, air

quality, health, crop
productivity

Atmospheric aerosol
loading is reversible,
some of the impacts
on human or environ-
mental health not

Potentially high
(health effects and cli-
mate effects)

Plastics distributed
globally with ocean
currents

n.a. (see e.g. ozone
boundary for illustra-
tion)

Some pollutants and
also plastics are very
persistent, GMOs once
released cannot be re-
trieved

Potentially very critical
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Insgesamt verdeutlicht die Analyse noch einmal, dass die planetaren Grenzen sich stark voneinander
unterscheiden - beispielsweise in Bezug auf den erreichten Konsens hinsichtlich der Notwendigkeit
der Grenze, die mit der Grenze verbundenen Unsicherheiten, in Bezug auf die Reversibilitat der Grenz-
liberschreitung bzw. hiermit verbundener Auswirkungen sowie der Zeitskala dieser Auswirkungen.
Die nachfolgenden Abbildungen verdeutlichen einige dieser Unterschiede.

Abbildung 3: Vergleich der Planetaren Grenzen hinsichtlich des Konsenses fiir die Notwendigkeit der
Grenze

full

climate oceans dispute
consensus

Quelle: Eigene Darstellung, PIK

Abbildung 4: Vergleich der Planetaren Grenzen hinsichtlich der Unsicherheit des Grenzwertes

good agreement on
boundary value

novel no boundary value

climate .. biosphere  aerosols o j .
; entities identified yet

Quelle: Eigene Darstellung, PIK

Abbildung 5: Vergleich der Planetaren Grenzen hinsichtlich der Reversibilitidt der Uberschreitung der
Grenzen und hierdurch bedingter Auswirkungen

fully

‘ Watel climate biodiv irreversible
reversible

Quelle: Eigene Darstellung, PIK

Abbildung 6: Vergleich einiger Planetarer Grenzen hinsichtlich der Zeitskala der Auswirkungen von
Uberschreitungen

1 P to return to uncritical level after application stops

species composition to reach new equilibrium following climate change Z

l sea level response to AT

0.1 1 10 100 1000 10000 years

A\ 4

Quelle: Eigene Darstellung, PIK
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Operationalization of the Planetary Boundaries: Ways Forward and First Results for Germany and the EU

Das Querschnittspapier ,Operationalization of the Planetary Boundaries: Ways Forward and First Re-
sults for Germany and the EU“ (siehe Kapitel 1.4) stellt Ansatze fiir eine Methodologie zur Operationa-
lisierung (Herunterskalierung) der planetaren Grenzen dar und exploriert bzw. illustriert diese metho-
dologischen Ansatze fiir die Klimawandel- und Landnutzungsgrenze. Das Papier richtet sich primar an
die Politik, die dargestellten methodischen Anséatze sind aber prinzipiell auch auf andere Akteure
libertragbar (unter Einbeziehung des Akteurskontexts).

Die planetaren Grenzen liefern je eine Kontrollvariable pro kritischem Umweltprozess. Die Regionali-
sierung und Operationalisierung der planetaren Grenzen konnen helfen, eine globale Umweltperspek-
tive in lokale bzw. nationale Politikprozesse zu integrieren und damit vertikale Politikkohdrenz tiber
Skalen hinweg zu fordern. Aufgrund ihrer systemischen Definition kann die Operationalisierung der
planetaren Grenzen gleichzeitig auch die horizontale Koharenz liber Sektoren hinweg verbessern.

Vor der Anwendung des Konzepts der ,Planetaren Grenzen“ sollte jedoch immer die Frage stehen, wie
ein Mehrwert geschaffen werden kann und welches die jeweils relevanten planetaren Grenzen sind.
Ziele der Anwendung sowie sinnvoll anwendbare Informationen und der Prozess der Operationalisie-
rung sind auf den jeweiligen Kontext anzupassen. Die Kooperation von Wissenschaftlerinnen und Wis-
senschaftlern, Politikerinnen und Politikern sowie anderen Stakeholdern erlaubt ein zielorientiertes
Herunterskalieren, sodass die planetaren Grenzen als benchmarks (Richtwerte) fiir den erreichten
Umweltzustand oder fiir angestrebte Umweltziele dienen kdnnen. Dabei sind immer auch normative
Entscheidungen iiber eine ,faire” Verteilung der globalen Werte auf die einzelnen Lander zu treffen (z.
B. durch gleiche Pro-Kopf-Zuteilungen iiber alle Lander hinweg). Diese Art der Kooperation von Wis-
senschaft und Anwendung stirkt die Legitimitat des Prozesses und sichert gleichzeitig ein evidenzba-
siertes Vorgehen.

Nachfrageorientierte Operationalisierung und das Mainstreaming der planetaren Grenzen kann z. B.
tiber Ankniipfungspunkte wie die folgenden Programme und Strategien erfolgen:

» Integriertes Umweltprogramm 2030

» Deutsche Nachhaltigkeitsstrategie und SDG-Implementierung
» Biodkonomiestrategie

» Integrierte Stickstoffstrategie

Solche Programme und Strategien konnen durch benchmarking im Vergleich zu herunterskalierten
planetaren Grenzen auf ihre Konsistenz mit globalen Umweltzielen getestet werden. Der systemische
Planetare-Grenzen-Ansatz (dashboard for sustainability) kann auch helfen, Zielkonflikte zwischen ver-
schiedenen Programmen, Strategien und Umweltzielen zu identifizieren.

Wihrend die einzelnen planetaren Grenzen verschiedene Eigenschaften haben und es entsprechend
kein standardisiertes Vorgehen fiir ihre Anwendung gibt, lassen sich doch einige typische Elemente
dafiir identifizieren, etwa:

» Das Herunterskalieren der planetaren Grenzen auf die relevante Skala
» Die Berticksichtigung der zeitlichen Dynamik der zugrundeliegenden Prozesse

» Das benchmarking des produktionsbasierten Drucks auf den jeweiligen Umweltprozess gegen
die herunterskalierte planetare Grenze

» Das benchmarking des konsumbasierten Drucks auf den jeweiligen Umweltprozess gegen die
herunterskalierte planetare Grenze

» Die Ubertragung der Ergebnisse auf relevante Politikstrategien und Programme
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Erste Anwendungen der planetaren Grenzen auf den nationalen und européischen Kontext zeigen,
dass es wichtig ist, iiber den produktionsbasierten bzw. territorialen Ansatz hinauszugehen und ex-
terne Umwelteffekte entlang der Handelsketten mitzuberiicksichtigen. Erst ein solches konsumbasier-
tes benchmarking gegen die planetaren Grenzen kann den vollen Impakt eines Landes und damit sei-
nen Beitrag zur Uberschreitung der planetaren Grenzen erfassen. Zudem kann damit eine rdumlich
explizite Erfassung des ausgetiibten Drucks und der Ressourcennutzung erfolgen, wie sie aus Erdsys-
temsicht erforderlich ist.

Die Anwendung eines solchen Ansatzes auf den deutschen und européischen Kontext kann die verti-
kale und horizontale Politikkohdrenz verbessern. Dabei zeigt sich, dass der Pro-Kopf-Beitrag Deutsch-
lands und Europas zur Uberschreitung der planetaren Grenzen deutlich iiber dem globalen Mittel liegt.
Fiir die untersuchten planetaren Grenzen (Klima, Landnutzung, Stickstoff) {iberschreiten Deutschland
und Europa die herunterskalierten planetaren Grenzen - unabhangig davon, ob diese auf globaler
Ebene bereits liberschritten sind - insbesondere aus konsumbasierter Perspektive. Positive Trends
sind auf Europa beschrankt. Die negativen externen Trends iiber Handelsketten iiberkompensieren
diese positiven Trends. Konsumbasiert hat sich Europas Beitrag zur Uberschreitung der planetaren
Grenzen in den vergangenen Jahren nicht verringert.

Fiir einzelne planetare Grenzen ergibt sich folgendes Bild (fiir Stickstoff ist dies separat im UBA-Text
75/2017 dargestellt; siehe auch Kapitel 2.2):

Klima: Deutsche und europaische Pro-Kopf-COz-Emissionen liegen produktionsbasiert um ca. 100 %
(Deutschland) bzw. 50-% (EU) liber dem globalen Mittel, aus konsumbasierter Perspektive noch deut-
lich héher. Wahrend produktionsbasiert die CO2-Emissionen in den letzten zwei bis drei Jahrzehnten
abgenommen haben, haben die wachsenden, iiber Handelsketten externalisierten Emissionen diesen
positiven Effekt iiberkompensiert. Auf EU-Ebene sind die konsumbasierten CO2-Footprints zurzeit ca.
10-20 % hoher als die produktionsbasierten. Je nach gewahltem Klimaziel miissten Deutschlands und
Europas Emissionen bis 2030 um ca. 50-90 % reduziert werden, was einer jahrlichen Reduktion von
2-5 % seit 1990 entsprechen wiirde. Die tatsachliche Rate lag in den letzten zwei bis drei Jahrzehnten
jedoch nur bei ca. 1 %, sodass fiir die kommenden Jahre entsprechend hohere jahrliche Reduktionsra-
ten von bis zu 10 % erforderlich werden.

Landnutzung: Die planetare Grenze fiir Landnutzung (Erhalt von 275-% der natiirlichen Waldbede-
ckung) ist - je nach Berechnungsart - bislang global kaum oder noch nicht tiberschritten worden, auf
nationaler Ebene in Deutschland (34 % noch erhalten) und auf EU-Ebene (38 % erhalten) jedoch deut-
lich iiberschritten, obwohl die Grenze fiir temperate Walder durch Steffen et al. sogar niedriger ange-
setzt wurde (50 %). Die meisten EU-Lander haben {iber dem globalen Mittel liegende, konsumbasiert
meist noch einmal deutlich héhere Land-Footprints. Uber die hohen Nettoimporte von landwirtschaft-
lichen Produkten und Biomasse wird die Landnutzung in starkem Mafie externalisiert. Deutschland
und Europa nutzen etwa gleich viel Land in anderen Weltregionen wie daheim. Verkleinerungen der
landwirtschaftlichen Flachen und Ausweitung von Waldfldchen hierzulande werden durch wachsende
Importe und Beitrage zur Entwaldung in anderen Weltregionen iiberkompensiert. Zu beachten ist je-
doch, dass ein Herunterskalieren der planetaren Grenze fiir Land kontextspezifisch erfolgen muss, un-
ter Beachtung von lokalen Nachhaltigkeitskriterien.

The Communicative Potential of the Planetary Boundaries Concept

Das Querschnittspapier ,The Communicative Potential of the Planetary Boundaries Concept” (siehe
Kapitel 1.5) skizziert sowohl spezifische kommunikative Herausforderungen als auch Méglichkeiten
fiir die Umweltkommunikation.

In einem ersten Schritt der Analyse werden einzelne kommunikative Starken des Konzepts herausge-
arbeitet. Teile der Botschaft des Konzepts sind leicht zu erfassen (unter anderem die begrenzte Tragfa-
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higkeit der Erde). Das Konzept adressiert aufierdem einen universellen Personenkreis — die Mensch-
heit - und betrifft eine grofde Bandbreite unterschiedlicher Aspekte 6kologischer Nachhaltigkeit. So
kann es fiir die Kommunikation in unterschiedlichen Umweltdebatten und mit unterschiedlichen Akt-
euren genutzt werden. Das Konzept bedient sich aufderdem verschiedener Metaphern wie die der
»grofden Beschleunigung” (great acceleration) und des ,unwirtlichen Planeten“ (inhospitable planet)
und erleichtert so die Erfassung der Kernbotschaften. Schlief3lich wird das Konzept von einer Gruppe
von Wissenschaftlerinnen und Wissenschaftlern getragen und erfahrt dadurch Legitimitét.

Im zweiten Schritt der Analyse wurde herausgearbeitet, inwieweit das Konzept diese Starken auch in
der 6ffentlichen Debatte ausspielt. Hierzu wurden 107 Dokumente aus dem Zeitraum 2010 bis 2015
aus der deutschen Zivilgesellschaft, den Bundesministerien, aus Bundestagsdebatten und aus Doku-
menten politischer Stiftungen und Parteien zusammengestellt. Auféerdem wurde mithilfe einer Ana-
lyse der WISO-Datenbank der Mediendiskurs fiir den Zeitraum 2009 bis 2015 aufgearbeitet. Unter-
sucht wurde, welcher Akteur das Konzept nutzt, wie das Konzept interpretiert wird, fiir welche Zwe-
cke es eingesetzt wird, welche weiteren Diskurse hiermit verkniipft werden und schlief3lich welche
politischen Mittel durch das Konzept legitimiert werden.

Insgesamt ergab die Analyse:

» Die Nutzungsintensitat des Konzepts verdanderte sich im gesamten Zeitraum; ab 2011 tauchte
das Konzept verstarkt in Debatten auf; Beitrage im Bundestag und der Bundesregierung datie-
ren vor allem aus dem Jahr 2015, wahrend die Bezugnahme auf das Konzept bei anderen Akt-
euren konstant blieb.

» Verschiedene Bundesministerien bezogen sich auf das Konzept, darunter BMUB, BMZ und
BMFSF, aufSerdem Bundeskanzlerin Angela Merkel und Umweltministerin Barbara Hendricks;
politische Stiftungen bezogen das Konzept unter anderem in Bezug auf die Themen Ressour-
cengerechtigkeit, Erndhrungssicherung und Katastrophenvorsorge mit ein; verschiedene zivil-
gesellschaftliche Akteure berufen sich auf das Konzept, darunter Brot fiir die Welt, BUND und
Germanwatch; in deutschen Medien taucht das Konzept hingegen nur sehr selten auf - in der
WISO-Datenbank fanden sich nur 13 Ergebnisse fiir den Suchbegriff ,Planetare Grenzen”.

» Das Konzept wurde kontextabhingig sehr unterschiedlich aufgefasst; oft wird es als objektive,
wissenschaftliche Darstellung der Risiken, vor denen die Menschheit steht, charakterisiert; da-
bei wird meist darauf verwiesen, dass das Konzept altbekannte Einsichten noch einmal be-
starkt, wie z. B. den zunehmenden Zerfall der Ckosysteme; im Diskurs wurden aufderhalb meist
sehr selektiv Elemente des Konzepts betont und andere ausgelassen: So findet sich der Aspekt
der Interaktion der Grenzen und ihr systemischer Charakter nur selten; wissenschaftliche Un-
sicherheiten des Konzepts werden unterbetont, ebenso wird teilweise der Unterschied zwi-
schen planetaren Grenzen und Kipp-Punkten vermischt.

» Das Konzept wird fiir sehr unterschiedliche (argumentative) Zwecke eingesetzt und verkniipft
sich hieriiber mit den Diskursen zu globalen (Entwicklungs-)Herausforderungen, nachhaltiger
Entwicklung und Nachhaltigkeitstransformationen, Klimawandel, Umweltzerstérung und
menschlicher Sicherheit, teilweise sogar mit dem Uberleben der Menschheit; teilweise wird
das Konzept genutzt, um auf globale Krisen hinzuweisen und die Herausforderungen heraus-
zustellen, denen sich die Politik stellen muss; teilweise wird das Konzept auch nur verwendet,
um eine starke okologische Nachhaltigkeit im Diskus zu untermauern oder den globalen Um-
weltzustand abzubilden.

» Verschiedenste politische Mafdnahmen werden im Diskurs vorgeschlagen, um die Einhaltung
der Grenzen sicherzustellen. Dazu zahlen Mafdnahmen in Bezug auf Individuen wie der Wandel
von Lebensstilen und Konsum oder hinsichtlich der Transformation des sozio-technischen Re-
gimes, teilweise wird auch die starke Umsetzung der Ziele nachhaltiger Entwicklung (SDGs)
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gefordert. Insgesamt werden durch das Konzept nicht einzelne Mafdnahmen prajudiziert, son-
dern das Konzept wird argumentativ an einigen Stellen hinzugezogen - namlich dort, wo es in
bestehenden Debatten niitzlich erscheint.

Im Diskurs zeigen sich also auch Liicken zwischen den oft wahrgenommenen kommunikativen Starken
des Konzepts und der Tatsache, dass es teils missverstanden, teils selektiv genutzt wird und beste-
hende Diskurse weniger abdndert als punktuell argumentativ bestarkt. Insbesondere der Wirtschafts-
sektor wird von dem Konzept noch nicht umfassend erreicht, ebenso die Gesellschaft, wie der Medien-
diskurs zeigt. Diese Liicken erkldren sich durch einige kommunikative Schwéchen des Konzepts. Dazu
zahlen:

» Die Komplexitit des Konzepts, das verschiedenste Botschaften in sich vereint und unter-
schiedlich gedeutet werden kann

» Der Begriff der ,Planetaren Grenzen®, der selbst nur Teile des dahinterliegenden Konzeptes
erfasst; insbesondere wird der systemische Charakter des Ansatzes durch den Begriff nicht
hervorgehoben.

» Die schwache Verankerung des Konzepts in Zeit und Raum; raumlich bezieht sich das Konzept
zuerst einmal auf den gesamten Planeten, zeitlich auf Anthropozin und Holozan; hierdurch
wird das Konzept weniger zuganglich fiir Adressaten, da es wenig Bezug zur eigenen Erfah-
rungswelt hat.

» Die Konsequenzen der Uberschreitung von Grenzen und Kipp-Punkten werden im Konzept
nicht umfassend beschrieben; so wird bspw. nicht aufgefiihrt, wer durch Grenziiberschreitung
wo in welchem Umfang betroffen sein kénnte.

» Die Frage der Entwicklungspfade innerhalb der Grenzen wird durch das Konzept offengelas-
sen; damit wird diese Frage wieder vollstindig der politischen Diskussion gedffnet.

» Das Konzept steht in einem Spannungsverhaltnis zwischen normativer Grenzsetzung (als Aus-
druck des Risikos, das Gesellschaften bereit sind zu tragen) und wissenschaftlicher Forschung.

» Gesellschaftliche Gruppen bzw. gesellschaftliche Wertentscheidungen wurden fiir die Formu-
lierung der Konzepte von Rockstrom et al. (2009) und Steffen et al. (2015a) nicht eingebunden
(Vertreterinnen und Vertreter der Planetare-Grenzen-Forschungsgemeinschaft betonen aber
die Notwendigkeit der Zusammenarbeit und die prinzipielle Offenheit des Konzepts fiir gesell-
schaftliche Inputs).

» Die Sprache des Konzepts ist stark technisch; insbesondere Begriffe wie ,biogeochemische
Kreislaufe®, ,Kipp-Punkte®, ,Aerosolgehalt der Atmosphire” etc. sind noch stirker der Erdsys-
temwissenschaft verbunden und damit weiten Teilen der Gesellschaft nicht sofort zuganglich.

» In der Konzeption von Rockstrom et al. (2009) wird teilweise auf eine apokalyptische bzw.
dramatisierende Sprache zuriickgegriffen; dazu zahlt beispielsweise die Bezugnahme auf ,Ge-
fahrenzonen®, ,Gefahren-Levels®, ,gefahrlicher Klimawandel“, ,planetare Risiken“ und ,schad-
liche oder sogar katastrophale” Auswirkungen bei Grenziiberschreitungen.

» Die zentrale Illustration des Konzepts ist teilweise missverstandlich oder nicht sofort zugang-
lich; so sind die grauen Felder und Fragezeichen fiir den Laien erst einmal nicht selbsterkla-
rend; missverstandlich ist auch, dass der Klimawandel gelb, die Ozeanversauerung sogar griin
erscheint, obwohl beide von der Weltgemeinschaft als prioritir aufgefasst werden; die Illust-
ration ist aufderdem statisch und zeigt die Interaktion zwischen den Grenzen und die Dynamik
der Grenzen nicht an.
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» Damit zusammenhingend sind auf Basis des Konzepts unterschiedliche Formen der Priorisie-
rung von Grenzen moglich; einerseits durch die Farbgebung und damit durch die in der Kom-
munikation besonders oft genutzte zentrale Grafik; dann erscheinen die Grenzen der Intakt-
heit der Biosphére und der biogeochemischen Fliisse verstarkt in den Blick zu nehmen; ande-
rerseits werden durch Steffen et al. (2015) der Klimawandel und die Intaktheit der Biosphére
als Kerngrenzen aufgefasst, nicht aber biogeochemische Kreisldufe.

Im néachsten Schritt werden die kommunikativen Funktionen des Konzepts analysiert und auf einzelne
Zielgruppen bezogen. Hierzu werden zuerst Kernbotschaften sowie weitere Botschaften des Konzepts
herausgearbeitet. Zu den Kernbotschaften zdhlen unter anderem, dass die Stabilitit des Erdsystems
gefiahrdet ist, dass vier Grenzen liberschritten sind und dass das Uberschreiten der Grenzen zu abrup-
tem Systemwandel fithren kann. Zusatzliche Botschaften sind beispielsweise, dass die Menschheit eine
neue geologische Epoche geschaffen hat, die ihren Namen tragt (Anthropozan). Die verschiedenen Bot-
schaften lassen sich thematisch einzelnen Themenbereichen zuordnen, ndmlich unter anderem dem
Zustand der Umwelt, der Rolle von Gesellschaften und Blirgerinnen und Biirgern in der Umwelt, um-
weltpolitischen Prinzipien und der Rolle von Umweltpolitik in Politik und Gesellschaft.

Das kommunikative Potenzial kann nicht nur tiber die verschiedenen Botschaften erfasst werden, die
sich damit verbinden, sondern auch tiber Kommunikationsfunktionen. Sieben Funktionen wurden im
Querschnittspapier beschrieben (siehe Abbildung 7). So kann das Konzept als Weckruf fungieren, als
Motivationsanreiz (Transformationsmacht des Menschen im Anthropozan), als Referenzpunkt und zur
Orientierung (insbesondere durch die Quantifizierungen und die Ubersetzung und Operationalisie-
rung auf sub-globale Skalen), als Fokuspunkt und Unterstiitzung fiir verschiedene Debatten, bspw. von
Transformationsansatzen, als gemeinsame Kommunikationsplattform fiir den Austausch zwischen
verschiedenen Akteuren, als begrifflicher Rahmen fiir notwendige Bedingungen nachhaltiger Entwick-
lung sowie als Legitimationstool, bspw. in der Debatte zur Stickstoffminderung.

Abbildung 7: Kommunikationsfunktionen des Konzepts
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Quelle: Eigene Darstellung, adelphi

Das Querschnittspapier analysiert auféerdem das Potenzial des Konzepts, verschiedene Zielgruppen zu
erreichen. In der Wissenschaft wird das Konzept haufig zitiert (bspw. wurde das Ursprungspapier von
Rockstrom et al. 2009 in Ecology & Society 292-mal zitiert und die erste Version in Nature 1.345-mal;
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Stand 1. Quartal 2016), vor allem im Bereich der Umweltwissenschaften wurde auf das Konzept Bezug
genommen. Bestehende wissenschaftliche Austauschmoglichkeiten bestehen sowohl fiir die Um-
welt(problem)bereiche, die hinter den einzelnen Grenzen stehen (Klimawandel, Bedrohung von Oko-
systemen und Biodiversitit etc.) und weiteren thematischen Ankniipfungspunkten wie Entwicklungs-
zusammenarbeit, Ressourcenverbrauch, Risiko-Analysen etc.

In der Politik liegt das grofdte Potenzial des Konzepts in der Kommunikation zwischen einzelnen Re-
gierungsstellen sowie zwischen der Zivilgesellschaft und politischen Stiftungen, die auf die Umweltpo-
litik Einfluss nehmen. Grund hierfiir ist, dass die meisten Kommunikationsfunktionen innerhalb von
politischen Prozessen zu verorten sind. In der Wirtschaft wird noch selten auf das Konzept zurtiickge-
griffen, vor allem, weil es einerseits stark nach einer Begrenzung wirtschaftlicher Aktivitdten klingt,
andererseits, weil es hinsichtlich der Rolle von Unternehmen unspezifisch bleibt (hierfiir ist eine Uber-
setzungs- bzw. Operationalisierungsleistung notwendig). Einige der Kommunikationsfunktionen bie-
ten auch in der Wirtschaft Ansatzpunkte; hierzu zidhlen die ,Plattform-Funktion und die ,Referenz-
funktion” (als konzeptueller Rahmen fiir die eigene Geschiftstitigkeit). In der Offentlichkeit wird die
Kommunikation durch verschiedene kommunikative Schwéchen des Konzepts erschwert (wie bspw.
die schwache Verankerung in Raum und Zeit). Die Zielgruppenkommunikation kénnte sich direkt an
verschiedene gesellschaftliche Milieus wenden und einzelne Botschaften an die Spezifika dieser Grup-
pen anpassen. Beispielsweise konnte fiir das ,traditionelle Milieu“, das Ordnung, Sicherheit, Stabilitat
und die Bewahrung des Status Quo ins Zentrum setzt, betont werden, dass diese Werte nur durch Ach-
tung der planetaren Grenzen langfristig erméglicht werden.

Das Konzept sollte sowohl konzeptuell als auch hinsichtlich der Bildsprache weiterentwickelt werden.
Wo moglich - und insbesondere in der Kommunikation mit der Offentlichkeit -, sollte die Konzept-
sprache vereinfacht werden; die Offentlichkeit kénnte auflerdem iiber Dialogprogramme und Aus-
tausch direkt mit eingebunden werden. Wichtig aus kommunikativer Sicht ist auch die weitere Erfor-
schung und Darstellung der Folgen einer Grenziiberschreitung sowie die weitere Quantifizierung der
Grenzen. Auch Narrative konnten eingesetzt werden, welche die Botschaften des Konzepts in leichter
zugangliche Erzahlungen tibertragen.

The Planetary Boundaries as Social Boundaries: Re-framing the doughnut

Das Querschnittspapier , The Planetary Boundaries as social boundaries“ (siehe Kapitel1.6) beschaftigt
sich mit dem von Kate Raworth formulierten ,Doughnut“-Ansatz, welcher die biophysikalischen plane-
taren Grenzen um soziale Grenzen erginzt und so einen sicheren und gerechten Raum fiir nachhaltige
Entwicklung konstruiert. Ziel des Papiers ist es, den Raum, der von Raworth erschaffen wird, kritisch
zu reflektieren und gleichzeitig das Konzept der ,Planetaren Grenzen“ aus sozialer Perspektive zu in-
terpretieren.

Ausgangspunkt der Analyse sind verschiedene Konzeptionen sozialer Minimalstandards, wie sie bei-
spielsweise im internationalen Menschenrecht und im Rahmen der SDGs und des UN Global Compact
gesetzt werden. Verschiedene Vorginger des Konzepts von Raworth verbinden 6kologische und sozi-
ale Nachhaltigkeit mit der Metapher eines Entwicklungsraumes, so die Erklarung von Cocoyoc, der
Brundlandt-Bericht und das Umweltraumkonzept (Opschoor und Weterings 1994). Sie teilen verschie-
dene Annahmen:

» Nachhaltige Entwicklung ist nur unter Integration von sozialen und 6kologischen Kriterien
moglich.

» Soziales und Okologie stellen zwei unterschiedliche Bereiche dar, fiir die jeweils eigene Ziele
zu formulieren sind.

» Beide Bereiche kénnen in Form von Grenzen formuliert werden (bspw. Grenzen in Bezug auf
Arbeitslohn und Grenzen in Bezug auf Ressourcenverbrauche).
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» Umweltraumkonzepte sind kommunikativ vorteilhaft.

» Vermeidungsziele (Grenzen) sind hinreichend fiir eine nachhaltige Entwicklung; im so aufge-
spannten Raum gefdhrdet die Freiheit der Entfaltung nicht die Grenzen als solche.

Das Konzept des ,Doughnuts” zeigt einige Starken. Die sozialen Grenzen sind umfassend legitimiert
(abgeleitet von den Rio+20-Einreichungen von Regierungen) und reflektieren Themen, die von vielen
als zentrale Entwicklungsherausforderungen begriffen werden. Das Konzept bindet auch Gerechtig-
keitsthemen auRerhalb der Okologie ein und fiillt so eine Liicke, die von den planetaren Grenzen eroff-
net wird. So eignet sich das Konzept auch fiir den Austausch mit Akteuren der Entwicklungszusam-
menarbeit.

Gleichzeitig verbinden sich mit dem Konzept einige Schwachen. Durch die beiden Grenzen wird ein
Spannungsverhiltnis zwischen Okologie und Gesellschaft erzeugt. AuRerdem wird die Illustration der
planetaren Grenzen damit iiberkomplex. Unklar bleibt auch, wie Konflikte zwischen beiden Dimensio-
nen aufzul6sen sind. Verschiedene Aspekte sozialer Gerechtigkeit (wie das Recht auf Leben, Freiheit
von Folter, Sicherheit) werden durch das Konzept nicht adressiert.

Innerhalb der Planetare-Grenzen-Community ist der Ansatz von Raworth (2012) auf grof3es Interesse
gestofden, auch im Vorfeld der Verabschiedung der ,,Agenda 2030“ wurde auf das Konzept teilweise
Bezug genommen. Gleichzeitig wurden weder der Doughnut-Ansatz noch das Planetare-Grenzen-Kon-
zept in die Ziele nachhaltiger Entwicklung aufgenommen. Das Konzept der ,Planetaren Grenzen“ be-
starkt aus Sicht einiger Kommentatoren und Kommentatorinnen einerseits Angste in den Entwick-
lungsldandern, dass unter dem Deckmantel des Umweltschutzes durch die Industriestaaten die wirt-
schaftliche Entwicklung des Globalen Siidens untergraben wird. Gleichzeitig erschien es auch unrealis-
tisch, dass das Konzept in Industriestaaten glaubhaft in operationale Schritte iiberfiihrt werde, also
Ressourcen- und Energieverbrauche drastisch gesenkt wiirden. Insgesamt erschien das Konzept damit
als polarisierend und wurde zugunsten anderer Ansitze, wie dem ,triple bottom line“~Ansatz, fallen-
gelassen (integrierte 6kologische, soziale und wirtschaftliche Entwicklung).

Um die Herausforderungen anzugehen, die aus der Kritik im Vorfeld der Agenda 2030 fiir nachhaltige
Entwicklung (Generalversammlung der Vereinten Nationen 2015) ersichtlich werden, erscheint es
sinnvoll, das Konzept der ,Planetaren Grenzen“ sprachlich zu spezifizieren und anders darzustellen.
Dies geschieht teils schon durch Akteure in der Planetare-Grenzen-Community, so Johan Rockstrém,
der von ,Wachstum innerhalb der Grenzen" spricht (als Antwort auf die Kritik, dass Konzept sei ,,Gren-
zen des Wachstums” in neuem Gewand). Auf3erdem lasst sich auch Raworths Ansatz hierunter fassen,
soziale Grenzen zu den planetaren Grenzen hinzuzufiigen (auch als Antwort auf Bedenken, hier werde
0kologischer Dominanz gegeniiber sozialer Nachhaltigkeit wissenschaftlich Vorschub geleistet).

In Weiterentwicklung dieser Ansatze fokussiert das Querschnittspapier auf das Konzept der ,Planeta-
ren Grenzen“ selbst. Die These ist, dass die planetaren Grenzen als sozial charakterisiert werden soll-
ten und sich so kein Umweltraum aus sozialen und planetaren Grenzen, sondern ein Kontinuum an so-
zialen Zielen ergebe, die entlang eines Zeitstrahls angeordnet werden kénnen. Einige der Grenzen be-
schiftigen sich mit sozialen Zielen, die sofort zu erfiillen sind (soziale Grenzen), andere mit langfristi-
gen Zielen (Stabilitat des Erdsystems, planetare Grenzen).

Ausgangspunkt der Analyse sind die beiden Welten, in denen sich Entwicklungs- und Umweltpoliti-
ker/-innen und -wissenschaftler/-innen bewegen. In der ersten Welt werden Umweltzerstorung, Risi-
ken und Katastrophen betont, auf die die Weltgesellschaft zusteuert. Im Konzept der ,Planetaren Gren-
zen" geschieht dies vor allem tiber die Darstellung des Anthropozans als Epoche, in der Ressourcen-
verbrauche und weitere sozio-6konomische Trends exponentiell steigen und sich so ein immer schnel-
ler wachsender Druck auf den Planeten ergibt. Diese Wahrnehmung wird auch in prominenten Analy-
sen des Umweltzustandes geteilt, so im ,Millenium Ecosystem Assessment (Verlust an Okosys-
temdienstleistungen), dem GEO-5-Bericht der Vereinten Nationen (UNEP 2012) (bspw. Konsequenzen
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fiir Nahrungsmittelsicherheit und Gesundheit) und im letzten Bericht des IPCC (unter anderem auch
6konomische Auswirkungen des Klimawandels). Im Gegensatz hierzu bewegen sich Entwicklungspoli
tikerinnen und -politiker in einer anderen Welt. Im Fortschrittsbericht zu den MDGs von 2015 (Ver-
einte Nationen 2015) wird beispielsweise auf die sozialen Fortschritte verwiesen, etwa die Verringe-
rung extremer Armut und von Untererndhrung. Auch im Bildungsbereich, bei der Gender-Gleichheit
sowie in der Verringerung der Kindersterblichkeit verzeichnet der Bericht Fortschritte. Im ,Human
Development Report 2016“ (UNDP 2016) wird ebenfalls die Verringerung extremer Armut herausge-
hoben. Die nachfolgenden Grafiken zeigen den Fortschritt in Bezug auf einzelne Dimensionen sozialer
Entwicklung.

Abbildung 8: Sozialentwicklung, 1880-2010
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Quelle: siehe Kapitel 1.6

Insgesamt entspricht die Kernbotschaft des Konzepts der ,Planetaren Grenzen“ zu grofien Teilen der
Kernbotschaft des Konzepts der ,Sozialen Grenzen®. Uber eine wissenschaftlich fundierte Grenzset-
zung hinaus implizieren auch diese Grenzen unseres jetzigen Wirtschaftens; sie beinhalten auch eine
Bewertung der 6konomischen und sozialen Treiber, die weltweit zu Umweltzerstorung fiithren. Es
wird zwar keine Vorgabe dartiiber getroffen, welches Wachstumsmodell zu befolgen sei; gleichzeitig
wird aber der Weiterflihrung des bisherigen Modells implizit eine Absage erteilt. Schliefdlich betont die
Forschergruppe, die das Konzept entwickelt, dass die Grenzen sozialen Charakter haben. Die planeta-
ren Grenzen seien damit weniger naturwissenschaftliche Grenzen als tatsachlich auch soziale Grenzen;
sie setzen sich das Ziel, menschliche Entwicklung und das Funktionieren unserer Gesellschaften lang-
fristig zu sichern.

Als sozial charakterisierte bzw. umgedeutete planetare Grenzen beinhalten sowohl Chancen als auch
Risiken fiir die Umweltpolitik. So konnte die Umdeutung die Legitimitat des Konzepts im Diskurs
schwichen, da die normative Seite des Konzepts im Vergleich zur wissenschaftlichen betont wird. Eine
grofde Chance liegt darin, die beiden Welten der Umwelt- und Entwicklungspolitik starker zusammen-
zubringen.

Burden-Sharing und Planetare Grenzen (siehe Kapitel 1.7)

Das Papier analysiert die verschiedenen Vorstellungen von Gerechtigkeit, die das Konzept der planeta-
rischen Grenzen hevorruft, und untersucht die Verkniipfung des Burden Sharings (internationale Las-

tenteilung) mit den Planetaren Grenzen. Dazu definiert das Papier zunachst wesentliche Unterschiede

in Bezug auf 6kologische Gerechtigkeit und Burden Sharing. Es gibt drei Unterscheidungen, die fiir die

Diskussion des Konzepts der Planetaren Grenzen grundsatzlich niitzlich sind:

» Verteilungsgerechtigkeit bezieht sich auf einen Zustand, in dem jedes Referenzobjekt von Ge-
rechtigkeitsiiberlegungen (z.B. ein Individuum oder ein Staat) das erhalt, was ihm / ihr zusteht
(ein bestimmter Nutzen oder eine bestimmte Last oder ein bestimmtes Recht oder eine be-
stimmte Pflicht) - dies aufgrund eines Verteilungsprinzips wie Gleichheit oder Bediirfnis.

» Korrektive Gerechtigkeit bedeutet, einen ungerechten Zustand zu dndern, der durch Handeln
eines Akteurs wie bspw. eines Individuums oder Staates herbeigefiihrt wurde.

» Die Verfahrensgerechtigkeit verlangt, dass die Art und Weise, wie eine Lastenverteilung for-
muliert wird, fair ist.

Das Papier befasst sich anschlief3end mit dem Diskurs in der Wissenschaft, welche das Konzept der
Planetaren Grenzen definiert und entwickelt, um zu verstehen, wie die wichtigsten Beflirworter des
Konzepts dieses mit Fragen der Gerechtigkeit verbinden. Im wissenschaftlichen Diskurs ist die Vertei-
lungsgerechtigkeit ein Hauptthema, das im Hinblick auf faire Anteile am sicheren Handlungsraums dis-
kutiert wird; die korrektive Gerechtigkeit wird derzeit nicht im Zusammenhang mit dem Konzept der
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Planetaren Grenzen diskutiert; die Verfahrensgerechtigkeit wird im Hinblick auf die Alloktation fairer
Anteile am sicheren Handlungsraum erortert.

Dartiber hinaus wurde der deutsche Regierungsdiskurs analysiert, da das Bundesministerium fiir Um-
welt, Naturschutz und Reaktorsicherheit einer der Vorreiter des Mainstreaming der Planetaren Gren-
zen ist und der Diskurs somit ein gutes Beispiel fiir die Analyse des Zusammenhangs zwischen dem
Konzept und Burden Sharing in der Praxis darstellt. Die Analyse zeigt, dass das Konzept tatsachlich
verschiedene Interpretationen dariiber hervorruft, wie das Konzept der Planetaren Grenzen mit Bur-
den Sharing verbunden ist:

» Ineiner ersten Perspektive, die im Diskurs sichtbar ist, werden Planetare Grenzen als Vorbedi-
gung der Gerechtigkeit angesehen. Sie werden als Grundlage fiir die Erreichung anderer sozia-
ler Ziele interpretiert, wie zum Beispiel einer Welt mit weniger gewalttatigen Konflikten, weni-
ger Armut und Wiirde fiir alle.

» In einer zweiten Perspektive sind die Planetaren Grenzen mit der Verteilungsgerechtigkeit ver-
knlipft, insbesondere der Verteilung fairer Pro-Kopf-Zugangsrechte zu Ressourcen und die ,ge-
rechte Verteilung' schadlicher Auswirkungen auf die Umwelt (bspw. Treibhausgasemissionen).

» Eine dritte Perspektive verbindet das Konzept der Planetaren Grenzen mit der Verfahrensge-
rechtigkeit, insbesondere hinsichtlich der normativen Aspekte des Konzepts, wie z.B. der Defi-
nition des Risikos, das Gesellschaften bereit sind, zu tragen.

In einem letzten Schritt werden im Papier weitere Potenziale fiir Burden Sharing und Planetare Gren-
zen analysiert, um zur Frage beizutragen, was eine Lastenverteilung fiir jede Planetare Grenze bedeu-
ten konnte. Planetare Grenzen, die fiir die Anwendung des Prinzips der Verteilungsgerechtigkeit be-
sonders geeignet erscheinen, sind (derzeit) Klimawandel, Biosphédrenintegritit, Landsystemanderung,
Sifdwassernutzung und biogeochemische Fliisse. Verteilungsgerechtigkeitsprinzipien, die fiir die Gren-
zen nach erster Analyse am besten geeignet erscheinen, sind das Gleichheits- bzw. Pro-Kopf-Prinzip
und das Verantwortungsprinzip (fiir die Klimagrenze) sowie das vertikale Prinzip und das Recht auf
Entwicklung (fiir alle Planetaren Grenzen). Weitere Forschung sollte die Implikation von Prinzipien
der Verteilungsgerechtigkeit auf die jeweiligen Grenzen genauer analysieren, z.B. anhand von Fallstu-
dien.

Fokusfragen: Unterstiitzung konkreter politischer Prozesse durch das Konzept (siehe Kapitel 2)

Gemaf3 der Zweiteilung des Vorhabens in Querschnitts- und Fokusthemen wurden im Bereich Fokus-
themen fiir spezifische Fragestellungen des Umweltressorts konkrete Inputpapiere formuliert, die im
politischen Prozess einen Mehrwert liefern sollten. Diese waren urspriinglich nicht zur Veroffentli-
chung vorgesehen und sind dementsprechend nicht als Publikation aufbereitet. Nachfolgend werden
die Ergebnisse einzelner Papiere dargestellt, um einen Einblick in die konkrete Operationalisierung im
Rahmen des Projektes zu geben. Hierzu zdhlen ein Thesenpapier, das fiir einen Fachdialog formuliert
wurde, die Zusammenfassung eines internationalen Fachdialogs zum Thema Ressourceneffizienz und
Planetare Grenzen sowie Inputpapiere fiir den Formulierungsprozess des Integrierten Umweltpro-
grammes 2030 des BMUB und einer nationalen integrierten Stickstoffstrategie. Nachfolgend wird auf-
grund der Kiirze des Thesenpapiers und der Workshop-Summary nur das Fokuspapier zu Stickstoff
aufgefiihrt.

Die planetare Stickstoff-Leitplanke als Bezugspunkt einer nationalen Stickstoffstrategie (siehe Kapitel 2.2)

Die planetaren Grenzen beschreiben einen sicheren Handlungsraum, innerhalb dessen mit hoher

Wahrscheinlichkeit die Funktionsfahigkeit des Erdsystems in einer fiir den Menschen giinstigen Kons-
tellation erhalten bleibt. Damit kdnnen sie die vertikale Integration einer nationalen Stickstoffstrategie
mit globalen Nachhaltigkeitskriterien und Umweltzielen - und damit auch die internationale Koopera-
tion - unterstiitzen. Fiir eine solche Operationalisierung und Anwendung der planetaren Grenzen sind
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die globalen Planetare-Grenzen-Werte herunterzuskalieren, raumlich explizit darzustellen
(downscaling) und fiir den jeweiligen Kontext zu iibersetzen. Erst dann kénnen sie als Richtwerte
(benchmarks) dienen, mit denen der nationale Ist-Zustand der Umwelt zu vergleichen ist und nationale
Strategien gegebenenfalls entsprechend angepasst werden konnen (mainstreaming).

Die planetare Grenze fiir Stickstoff wird von Steffen et al. (2015a) mit 63 Millionen Tonnen pro Jahr
angegeben. Diese Grenze, die gegenwartig global um den Faktor 2 {iberschritten wird, bezieht sich nur
auf die beabsichtigte Erzeugung und Freisetzung von reaktivem Stickstoff durch biologische Fixierung
und Diingeranwendung. Sie umfasst nicht die unbeabsichtigten Freisetzungen durch Verbrennungs-
prozesse. Die vorliegende Studie leitet daraus fiir Deutschland eine Stickstoff-Grenze von 0,5-0,7 Milli-
onen Tonnen pro Jahr ab, je nachdem, ob der globale Wert bezogen auf den Anteil Deutschlands an der
globalen Landwirtschaftsfliche oder bezogen auf den Anteil Deutschlands an der Weltbevolkerung
herunterskaliert wird. Diesem benchmark aus Planetare-Grenzen-Sicht steht ein gegenwartiger realer
Wert von ca. 2,3 Millionen Tonnen gegeniiber. Wenn man zusatzlich die Stickstofffreisetzungen be-
riicksichtigt, die Deutschland aufgrund des Konsums und entsprechender Nettoimporte landwirt-
schaftlicher Produkte im Ausland verursacht (external footprints), liegt dieser Wert noch deutlich ho-
her.

Eine solche Anwendung der planetaren Grenze fiir Stickstoff weist darauf hin, dass die bisherigen -
zumeist noch nicht einmal erreichten - deutschen und europaischen Stickstoffziele aus Sicht globaler
Nachhaltigkeitskriterien nicht ambitioniert genug sind. So wiirde z. B. die Einhaltung der EU-Richtlinie
liber nationale Emissionshochstmengen (European Environmental Agency 2016) nur zu einer Reduk-
tion des gegenwartigen Wertes um knapp 0,5 Millionen Tonnen fiihren. Selbst bei vollstiandiger Um-
setzung der vom Sachverstandigenrat fiir Umweltfragen (SRU) und vom Umweltbundesamt (UBA) ge-
forderten Halbierung des N-Uberschusses auf landwirtschaftlichen Flichen wiirde die auf Deutschland
herunterskalierte planetare Grenze fiir Stickstoff noch immer um ca. 200 % tiberschritten. Zu ihrer
Einhaltung wiren zusatzliche Emissionsminderungen in der Landwirtschaft und dariiber hinaus (v. a.
in den Sektoren Energie, Transport und Industrie) erforderlich.

Eine Erh6hung der Effizienz der Stickstoffnutzung (nitrogen use efficiency) auf allen Ebenen und iiber
die gesamte Wertschopfungskette stellt einen wichtigen Hebel zur Erreichung verschiedener Umwelt-
und Nachhaltigkeitsziele dar. Neben der Verminderung der Stickstofffreisetzung in die Umwelt lassen
sich zusdatzliche Verbesserungen (co-benefits) z. B. in Bezug auf Land, Wasser, Energie, Erndhrungssi-
cherheit und andere Entwicklungsziele, wie sie in den SDGs benannt sind, erreichen. Durch Erh6hung
der Ressourceneffizienz kann der in die Umwelt freigesetzte Anteil des eingesetzten Stickstoffs redu-
ziert werden. Da die planetare Grenze fiir Stickstoff tiber maximal zulassige Umweltkonzentrationen
definiert ist, kann sie bei erhohter Ressourceneffizienz hoher angesetzt werden.

Entscheidend fiir die vertikale Integration von deutschen und internationalen Umweltzielen und Nach-
haltigkeitskriterien ist der ,Dreiklang” aus (1) der Verringerung der Stickstofffreisetzung innerhalb
Deutschlands, (2) der Reduktion des (handelsbedingten) deutschen Stickstoff-Footprints im Ausland
sowie (3) einer internationalen Kooperation fiir eine verbesserte Stickstoffnutzung und Ressourcenef-
fizienz in allen Bereichen, z. B. iiber Investitionen, Entwicklungszusammenarbeit und Wissens- und
Technologietransfer. Dieser Dreiklang entspricht auch dem Leitbild der nationalen Implementierung
der SDGs innerhalb Deutschlands unter gleichzeitiger Beachtung dieser Ziele auch im Ausland (imple-
mentation in, by and with Germany). Anknlipfungspunkte fiir eine verbesserte vertikale Politikkoha-
renz von national liber regional bis global sind z. B. die gemeinsame europaische Agrarpolitik, interna-
tionale Handelsabkommen sowie die verschiedenen multilateralen Umweltabkommen.

Aus der Operationalisierung und Anwendung der planetaren Grenzen fiir Stickstoff fiir die integrierte
nationale Stickstoffstrategie ergeben sich umgekehrt auch Hinweise fiir die Weiterentwicklung der
planetaren Grenze selbst, z. B. in Hinblick auf deren Erweiterung tiber den Landwirtschaftssektor hin-
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aus. Die Weiterentwicklung der planetaren Grenzen und deren Anwendung muss iterativ und wechsel-
seitig erfolgen. Dazu sollte die Stickstoffstrategie dynamisch weiterentwickelt werden, sodass neues
Wissen (z. B. aus der Begleitforschung) kontinuierlich eingepflegt werden kann (adaptive manage-
ment). Entsprechend dem systemischen Charakter des Konzepts und der Komplexitat des Stickstoff-
kreislaufs bedarf dies eines umfassenden Dialogs mit Partnern aus allen relevanten Sektoren, gemaf3
dem Future-Earth-Prinzip von co-design & co-production of relevant knowledge, d. h. in wechselseitiger
Abstimmung zwischen Politikerinnen und Politikern, Entscheidungstragerinnen und Entscheidungs-
tragern und Wissenschaftlerinnen und Wissenschaftlern.

Fazit und nachste Schritte fiir die Operationalisierung des Konzepts der Planetaren Grenzen (siehe Kapitel
3)

Auf einer zweitdgigen, umfassend angelegten internationalen Konferenz im April 2017 mit 400 Teil-
nehmern und Teilnehmerinnen in Berlin wurden zentrale Fragen fiir die Weiterentwicklung und An-
wendung des Konzepts der ,Planetaren Grenzen“ diskutiert: Wie lasst sich das - international weitge-
hend anerkannte - Konzept noch besser wissenschaftlich begriinden? Wie lasst es sich in der nationa-
len Umwelt- und Nachhaltigkeitspolitik anwenden? Welche Chancen erdffnet das Konzept fiir techni-
sche, wirtschaftliche und soziale Innovationen, fiir betriebliches Risiko- und Umweltmanagement, fiir
Umweltbildung und -kommunikation?

Die englischsprachige Konferenz hatte zum Ziel, wichtige Akteurinnen und Akteure einer Nachhaltig-
keitstransformation zusammenzubringen, um eine Agenda fiir die weitere Nutzung des Konzeptes der
»Planetaren Grenzen“ in Wissenschaft, Politik, Privatwirtschaft und Zivilgesellschaft zu erarbeiten und
so zu einem internationalen Meilenstein fiir seine Verbreitung, Weiterentwicklung und Anwendung zu
werden. Zwei Konferenzthemen standen im Fokus:

» Konferenzthema 1: Wissenschaftlicher Stand der planetaren Grenzen, neueste konzeptuelle
Weiterentwicklungen, kritische Aspekte und Defizite sowie zukiinftige Forschungsbedarfe,
bspw. zur Lage der Grenzen, zu Wechselwirkungen zwischen ihnen sowie zum unterschiedli-
chen Charakter der Grenzen

» Konferenzthema 2: Stand der Anwendung der Grenzen und ihrer Umsetzung in der Praxis,
bspw. fiir verschiedene geographische Skalen, politische Kontexte und Akteure (Politik, Privat-
sektor, Zivilgesellschaft). Spezifische Beispiele sind hier nationale Anwendungen des Konzep-
tes fiir die EU, Deutschland, die Schweiz, Schweden, Stidafrika und China.

Gleichzeitig wurden wahrend der Konferenz Ausgangspunkte, Ziele, neue Netzwerke und nichste
Schritte fiir die weitere Umsetzung und Forschung zu den planetaren Grenzen erarbeitet, prasentiert
und im Nachgang in einer Konferenzdokumentation festgehalten. Diese nachsten Schritte (roadmaps)
werden hier noch einmal aufgefiihrt.

Ndchste Schritte fiir die Politik (siehe Kapitel 3.1)

Die weitere Umsetzung, Anwendung und Ubertragung der planetaren Grenzen erfolgt vor dem Hinter-
grund einer immer starkeren Aufnahme in Nachhaltigkeitsstrategien (bspw. im Integrierten Umwelt-
programm 2030 in Deutschland). Das Konzept hat Potenzial fiir Nachhaltigkeits- und Risiko-Gover-
nance in der 6ffentlichen und privaten Sphare, insbesondere fiir Politik- und Strategiekoharenz, fiir die
Kommunikation mit Expertinnen und Experten, Stakeholdern und der breiteren Offentlichkeit, fiir die
Unterstiitzung der Verhandlung von globalen Zielen fiir Umweltprobleme und das mapping externali-
sierter Umweltauswirkungen.

Hinsichtlich der weiteren kommunikativen Verkniipfung des Konzeptes ist es zentral, die planetaren
Grenzen mit bestehenden sozialen und 6konomischen Diskursen zu verbinden sowie ein koharentes
Narrativ aufzubauen, das die Integritat des Erdsystems als notwendige Bedingung fiir Wiirde, Wohl-
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stand und Frieden herausstellt. Auch die Verknlipfung mit dem Anthropozin-Konzept sollte herausge-
arbeitet werden. Das Konzept sollte als komplementar und unterstiitzend zu den Zielen der ,Agenda
2030“ dargestellt werden. Die planetaren Grenzen sollten flexibel interpretiert werden - diejenigen
Parameter des Konzepts, die am stiarksten relevant sind fiir einzelne Riume bzw. Governance-Heraus-
forderungen sollten fokussiert werden, bspw. indem das Konzept mit footprints entlang globaler Wert-
schopfungsketten oder dem DPSIR-Framework verbunden wird.

Insgesamt sollte der Dialogprozess um das Konzept der ,Planetaren Grenzen“ weiter fortgefiihrt wer-
den, aufbauend auf bisherigen Veranstaltungen. Dazu zahlt der Austausch innerhalb der Européischen
Union, bspw. zum achten Umweltaktionsprogramm und dem ,2020 State of the Environment Report“,
der Umsetzung der ,,Agenda 2030“, im Rahmen des ,European Sustainable Development Network”
(ESDN) und der Européaischen Umweltagentur. Thematisch konnte der weitere Dialog bspw. auf Risi-
ken fiir Versicherer, Unternehmen, den Finanzsektor bei Grenziiberschreitungen oder auf Innovatio-
nen innerhalb des sicheren Handlungsraumes fokussieren.

Politisch sollte das Konzept in die nationale und europdische Umsetzung der ,Agenda 2030“ einbezo-
gen werden. Auch sollte das Konzept in verschiedene globale Berichte einflief3en - bspw. in den ,Glo-
bal Sustainability Report” der Vereinten Nationen, in Berichte von UN Environment und den ,,Global
Risk Report” des World Economic Forums. Es sollten insbesondere solche Mafinahmen betont werden,
welche die ,hockey stick“-Tendenzen des wachsenden Ressourcenverbrauchs und wachsender Um-
weltbelastungen reduzieren; dazu zihlen insbesondere die Transformation hin zu einer sozial-6kolo-
gischen Marktwirtschaft und die weitere Verbreitung alternativer Wohlfahrtsmodelle.

Politikrelevante Forschung sollte sich auf die Governance-Herausforderung fokussieren, die aus dem
Konzept entsteht; Strategien und politische Ansétze sollten entwickelt werden, die sicherstellen, dass
Gesellschaften in den sicheren Handlungsraum gelangen bzw. dort verbleiben. Weitere Forschung
konnte sich mit der Umsetzung und Umsetzungsdefiziten bestehender Strategien und Politikinstru-
mente beschaftigen.

Ndchste Schritte fiir die Wissenschaft (siehe Kapitel 3.2)

In der Wissenschaft hat das Konzept der , Planetaren Grenzen“ grofden Anklang gefunden; gleichzeitig
ist die Forschungsgemeinschaft, die sich explizit dem Konzept widmet, noch relativ klein. Die Wissen-
schaftsforderung ist aktuell noch nicht auf die integrierte Weiterentwicklung und Operationalisierung
des Konzepts gerichtet, insbesondere die Modellierung und Daten-Analyse miisste noch stiarker auf die
praktische Nutzbarmachung des Konzepts fokussieren. Grundsatzlich ist die Forschung zu planetaren
Grenzen anzusiedeln zwischen den klimaorientierten Erdsystemwissenschaften und der eher umset-
zungsorientierten Forschung (zu den SDGs und im Diskurs der Nachhaltigkeitsforschung). Der For-
schung zu planetaren Grenzen kommt hier eine Mittlerrolle zwischen beiden Ebenen zu.

Verschiedene Forschungsbereiche sind fiir die weitere Entwicklung des Konzepts zentral. Dazu zhlt
die Realisierung von Modellen, welche planetare Grenzen und ihre Interaktion im Rahmen der Erdsys-
temdynamik simulieren. Offene Forschungsbereiche betreffen hier unter anderem die Schaffung eines
systemischen Ansatzes, in den auch die Intaktheit der Biosphire einfliefit (iiber das Klima hinaus), die
Aufnahme menschlicher Gesellschaften als dynamische biogeochemische Komponenten (Anthropo-
Biogeochemie), die Interaktionen zwischen planetaren Grenzen und teleconnections sowie Nexus-For-
schung (u. a. zu Land-Ozean undLand-Wasser-Energie-Landwirtschaft).

Ein zweiter Forschungsbereich betrifft die Quantifizierung von SDG-Pathways innerhalb der planeta-
ren Grenzen, zum Beispiel die sozio-0konomische Machbarkeit normativer Pfade, die Quantifizierung
von shared socio-economic pathways, das benchmarking bestehender Entwicklungen gegen die plane-
taren Grenzen, das Aufzeigen von Synergien und trade-offs zwischen den SDG-Zielen und der Aufrecht-
erhaltung des sicheren und gerechten Handlungsraums.
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Weitere Forschung sollte sich auch mit sozial-6kologischer Komplexitit beschaftigen (hierzu gehort
unter anderem Forschung zu den Vorbedingungen des sicheren und gerechten Umweltraumes) und
mit der Umsetzung des Konzepts in der Umwelt- und Nachhaltigkeitspolitik und bei Unternehmen (fiir
einzelne Sektoren und Regionen). Hierzu zihlt unter anderem die Einbettung des Konzepts in die Ent-
scheidungsfindung, Fragen der Umweltgerechtigkeit, der Kooperation und institutionellen Ausgestal-
tung und die Verkniipfung des Konzepts mit der Kreislaufwirtschaft und Green Economy.

Weitere Forschung sollte sich auch mit den (politischen und gesellschaftlichen) Ordnungen und Onto-
logien beschaftigen, die sich mit dem Konzept verbinden. Hierzu zahlt die Diskussion der sozio-kultu-
rellen Implikationen des Konzepts, bspw. Fragen der Bildgestaltung und Bildsprache, philosophische
und moralische Fragen der Formulierung von planetaren Grenzen und die Rolle von Transformations-
narrativen.

Aufderdem sind prozedurale Schritte anzudenken. Beispielsweise konnten regelmafdige Assessments
aufbauend auf den planetaren Grenzen konzipiert werden (im Zusammenspiel mit der Evaluation der
SDG-Umsetzung), eine Dialogplattform mit Unternehmen und dem Finanzsektor etabliert werden so-
wie Berichte zu Forschungsliicken und Kosten des Nichthandelns erstellt werden. Auch ein internatio-
naler Kreis von Beratern und Beraterinnen kénnte das Konzept voranbringen.

Ndchste Schritte fiir die Wirtschaft (siehe Kapitel 3.3)

Einige Unternehmen und Branchen beziehen sich bereits auf das Konzept und haben begonnen, es fiir
ihre operationelle und strategische Planung zu libersetzen und fiir spezifische Bedarfe zu operationali-
sieren; insgesamt stehen die Umsetzung und Anwendung aber eher am Anfang. Das Konzept bietet fiir
Unternehmen einen Mehrwert: Einerseits kann es filir die Unternehmenskommunikation eingesetzt
werden und als Narrativ das Unternehmenshandeln in einen grof3eren Kontext setzen. Es kann auch
intern in Unternehmen genutzt werden, um Risiken auf die Agenda zu setzen, und extern, um die Ver-
pflichtung zu Nachhaltigkeit zu betonen und Konsumentenvertrauen zu schaffen (z. B. in den Berei-
chen corporate social responsibility und shared value), wenn glaubhafte Schritte unternommen werden,
den Druck auf die Grenzen zu reduzieren. Inhaltlich kann das Konzept als dashboard genutzt werden,
das wichtige Dimensionen der Nachhaltigkeit (Bedingungen nachhaltiger Entwicklung) gleichzeitig
formuliert und betrachtet und Verbindungen zwischen den Dimensionen anzeigt. Fiir einige der Gren-
zen liefert das Konzept ein globales Budget bzw. grofmaf3stibige und langfristige Performance-Indi-
katoren.

Néachste Schritte fiir Unternehmen umfassen (1) die Mitwirkung an der Formulierung von science-ba-
sed targets und an Methodologien fiir die Herunterskalierung und Anwendung des Konzepts auf der
Ebene von Unternehmen und Branchen; aufSerdem die Analyse von unternehmensbezogenen Nachhal-
tigkeitsstandards und ihre Verkniipfung mit den planetaren Grenzen sowie die Férderung von good
practices/Standardsetzern und ersten Anwendern bei Unternehmen, (2) die Unterstiitzung von Unter-
nehmen bei der Umsetzung, bspw. durch Entwicklung von Narrativen und Argumenten (Geschaftsmo-
dell fiir Unternehmen) und Erstellung eines Planetary-Boundary-Kompasses (bspw. mit einzelnen
Vorreitern und Good-Practice-Beispielen) und (3) die weitere Verbreitung des Konzepts in der Unter-
nehmenswelt, bspw. durch Verkniipfung mit unternehmensnahen Dialogprozessen.

45




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

Detailed summary

Starting point

The planetary boundaries concept was formulated in 2009 by an international research group led by
Johan Rockstrém, and revised in 2015 by Will Steffen and colleagues (Rockstrém et al. 2009; Steffen et
al. 2015b). The concept emerged against the background of the Anthropocene - a period of time asso-
ciated with rapidly growing environmental pressures, and increasing degradation and scarcity of
global environmental resources, which intensifies risks for the stability and functioning of the Earth
system. The human burden on the global environment and ecosystems has reached a level where sud-
den non-linear systemic changes can no longer be ruled out. Economic and consumer activities disre-
gard the buffer and regenerative capacities of environmental compartments, and overuse natural re-
sources, undermining the capacity of the Earth system to self-regulate. Overall, there is a danger of
weakening the resilience of the Earth system either through gradual change or by triggering so-called
tipping points, which would permanently disrupt global ecosystems and ultimately social-ecological
systems.

Building on related concepts (e.g., limits to growth, carrying capacity, critical loads and tolerable win-
dows), WBGU's guard rail approach, the precautionary principle, earth system science and resilience
research, the concept defines a global “safe operating space” and identifies nine processes that are cen-
tral to the stability of the Earth system. These nine processes are climate change, ocean acidification,
stratospheric ozone depletion, biosphere integrity, land system change, freshwater use, biogeochemi-
cal cycles (nitrogen and phosphorus cycles), atmospheric aerosol loading, and novel entities and modi-
fied life forms. For the majority of these processes, the concept quantifies safe distances (boundaries)
from areas of increased and high risk of serious consequences. According to Steffen et al. (2015a), four
of the planetary boundaries (climate change, biosphere integrity, biogeochemical cycles and land sys-
tem change) have already been crossed (see Figure 9).

Figure 9: Planetary Boundaries
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Source: Steffen et al. 2015a

Since the publication of 'Safe Operating Space for Humanity' (Rockstrom et al. 2009), the planetary
boundaries concept has received widespread interest, but also criticism. While it was primarily devel-
oped as a scientific concept within earth system science, the applicability of the concept in politics as a
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guideline for sustainable development has been widely discussed, with a broad spectrum of assess-
ments. The authors of the concept (Johan Rockstrom et al. and Will Steffen et al.) emphasize that it is
primarily a scientific approach to support a global framework for action, not a political master plan.

Among other things, the planetary boundaries have been criticized for their large uncertainties (e.g.,
with regard to their dynamics) and that their criticality (i.e., the extent to which sustainable develop-
ment will be endangered by the transgression of boundaries and environmental degradation; cf. Mon-
toya et al. 2017) is not well documented. Furthermore, it has been noted that the tipping points of the
planetary boundaries may not exist or at least not at the defined points, that the proposed control vari-
ables of the planetary boundaries are insufficient and that the complex interactions between environ-
mental sectors represented by the planetary boundaries (and the resulting systemic thresholds) have
been insufficiently considered. It has also been argued that not all of the concept’s boundaries may be
relevant to the Earth system, but may only refer to local context-specific processes (cf. Nordhaus et al.
2012). From a social and political science perspective, it has been noted that the concept could send a
false signal that, on the one hand, there is still space until all boundaries are crossed and, on the other
hand, that several boundaries have already been crossed in any case (Schlesinger 2009). This could
lead to inactivity on the one hand and fatalism on the other (see Brook and Bradshaw 2013).

The concept has the potential to illustrate global environmental problems in their entirety (i.e., holisti-
cally) in an easily comprehensible way, which enables compatibility and can create social support for
political decisions. However, additional research is needed to substantiate the assumptions developed
so far (and translate them into national and regional policy) and obtain more precise knowledge (e.g.,
on downscaling planetary boundaries and the interactions between individual planetary boundaries).

The most important challenge to the planetary boundaries concept is the need to deepen the scientific
foundations of the concept, and secondly the translation, operationalization, downscaling and applica-
tion of the concept - e.g. towards concrete environmental and sustainability goals. These challenges
must be tackled jointly by science, politics, the private sector and civil society. Only collaboration be-
tween all of these sectors will ensure that the planetary boundaries concept is applicable to key areas
of society.

Objectives and course of the project

The second central challenge is operationalization, which is tackled by the UFOPLAN project ‘Planetary
Boundaries - Challenges for Science, Civil Society and Politics’ (FKZ 3714 100 0). adelphi, the Potsdam
Institute for Climate Impact Research and the Stockholm Environment Institute were commissioned
by the German Environment Agency, and Federal Ministry for the Environment, Nature Conservation,
Building and Nuclear Safety to examine the strengths, weaknesses, opportunities and risks of the con-
cept to inform science, society, politics and business. The aim of the project was to analyze the require-
ments the concept places on politics, science, civil society and business in order to inform the political
implementation of the concept. For this purpose, the project provided input - in the form of input pa-
pers - into ongoing political processes in order to support the implementation of the concept. The ob-
jectives of the project were to (1) describe the state of the art of the conceptual development and
quantification of planetary boundaries, (2) analyze the concept’s applicability to national policymaking
(e.g., integrated environmental program, integrated nitrogen strategy), (3) continue the planetary
boundaries dialogue process (through expert dialogue, networking meetings and a final conference),
and (4) develop recommendations for politics and science.

In the course of the project, the original structure was modified to account for the objectives outlined
above. The work was more closely intertwined with natural and social science approaches. Project
outputs include the preparation of papers addressing crosscutting issues and political focus topics.

Crosscutting issues deal with key topics relevant to various political processes. These papers focus on
issues that are natural science-oriented and issues that are social science-oriented. The objective of
these crosscutting issues papers was to:

» Introduce the topic of planetary boundaries and characterize the concept
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» Present the state of knowledge on dynamics, trends and risks associated with planetary
boundaries

» Analyze the background concept of the Anthropocene and its relationship to the planetary
boundaries concept

» Operationalize the planetary boundaries (in the sense of downscaling the boundaries to the
relevant level) and linking the planetary boundaries concept with analysis of consumption-
based impacts

» Analyze the interplay between social and planetary boundaries

Examine interlinkages with burden sharing

» Investigate the potential of the planetary boundaries concept for environmental communica-
tion

v

In addition to crosscutting issues, papers focused on political focus topics. These papers addressed,
from a range of different perspectives, the way in which the planetary boundaries concept can be ap-
plied to specific areas of environmental policymaking. Among other things, the political focus topics
papers aim to support the formulation of a national integrated nitrogen strategy and the Integrated
Environmental Programme 2030.

The contents and results of the papers on crosscutting issues and political focus topics are summa-
rized below. Since the individual papers were designed as stand-alone documents (each with its own
introduction, analysis and conclusion), they are presented individually. Repeated aspects (e.g., from
the respective introductions to the crosscutting issues) are explained only once.

Crosscutting issues: overarching, policy-relevant topics

The Planetary Boundaries Concept - Opportunities for Sustainable Development, Perspectives for Inte-
grated Environmental and Sustainability Policy

The paper ‘The Planetary Boundaries Concept - Opportunities for Sustainable Development, Perspec-
tives for Integrated Environmental and Sustainability Policy’ characterizes the planetary boundaries
concept, outlines further developments, and discusses national and regional applications of the con-
cept (see chapter 1.1). The paper is conceived as an introduction to the planetary boundaries concept.
The paper addresses a wider circle of interested parties and is partly structured in the form of theses.
The central points of the paper are highlighted in the following section.

The planetary boundaries concept summarizes the state of the art regarding large-scale environmental
boundaries and defines a global sustainable development space (a “safe operating space”) on the basis
of guard rails. This is done with the help of control variables for the nine environmental compart-
ments: climate, biosphere, land, water, biogeochemical cycles, oceans, stratospheric ozone, aerosols
and novel entities. The reduction of these complex processes to individual, easily communicable con-
trol variables, analogous to the two-degree objective, has enabled the concept to be rapidly incorpo-
rated into political and social discourses. Internationally, the High Level Panel on Global Sustainability
and the seventh EU Environmental Action Programme have both referenced planetary boundaries. At
the national level, the planetary boundaries are incorporated into the Integrated Environmental Pro-
gramme 2030 (BMUB 2016a) and the German Sustainable Development Strategy (Press and Infor-
mation Office of the Federal Government 2018).

The planetary boundaries are characterized by the following basic principles:

» The Holocene (Earth’s historical climate and system state) establishes the reference point for
the planetary boundaries

» The planetary boundaries concept refers to the risks associated with leaving the Holocene
state

» The nine planetary boundaries concern the physical, chemical and biological processes of the
Earth system

» The planetary boundaries extend the global change debate beyond the climate issue
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v

The planetary boundaries describe the space within the Earth system in which sustainable de-
velopment is possible

The planetary boundaries concept is based on the precautionary principle

The planetary boundaries represent Earth’s systemic boundaries, some of which have already
been crossed

The consequences of transgressing individual planetary boundaries are not yet fully known
The planetary boundaries are increasingly presented on sub-global scales and at the level of
stakeholders, especially states

Within the planetary boundaries there are considerable opportunities for transformation

The planetary boundaries concept has implications for justice and sustainability debates

The scientific development of planetary boundaries focuses on the global quantification and
regional application of the concept

The initial definition of the planetary boundaries concept (Rockstréom et al. 2009) was expanded in
2015 (Steffen et al.). Key revisions include:

>

The “rate of biodiversity loss” was changed to “change in biosphere integrity” and an addi-
tional indicator “biodiversity intactness index” was introduced

The “nitrogen and phosphorus cycle” was changed to “biogeochemical flows,” which includes
(as yet unquantified) limits for other elements (e.g., silicon), while regional limits were intro-
duced in addition to the global limits for nitrogen (N) and phosphorus (P)

The indicator for “land system change” was changed from “percentage of global land cover con-
verted to cropland” to “area of forested land as a percentage of original forest cover,” with the
latter indicator differentiated spatially and according to biomes (tropical, temperate, boreal
forests)

The freshwater use boundary is now additionally determined for each river basin individually,
based on the water requirements of aquatic ecosystems (“environmental flow requirements”),
with the aggregated global value calculated from this (“bottom-up construction of the plane-
tary boundary”)

A boundary value for “atmospheric aerosols” (atmospheric optical depth 0.25) was established
for the first time, but only for the South Asia Monsoon region

“Chemical pollution” was changed to “introduction of novel entities,” as the respective plane-
tary boundary has been broadened to include modified life forms, while three criteria for criti-
cal substances were defined (persistence, mobility across scales with correspondingly wide
distribution, potential effects on important processes of the Earth system or sub-systems), alt-
hough no indicators or thresholds have yet been determined

In the central illustration, the planetary boundary circle (see The planetary boundaries concept
was formulated in 2009 by an international research group led by Johan Rockstrom, and revised in
2015 by Will Steffen and colleagues (Rockstrom et al. 2009; Steffen et al. 2015b). The concept
emerged against the background of the Anthropocene — a period of time associated with rapidly
growing environmental pressures, and increasing degradation and scarcity of global environmental
resources, which intensifies risks for the stability and functioning of the Earth system. The human
burden on the global environment and ecosystems has reached a level where sudden non-linear
systemic changes can no longer be ruled out. Economic and consumer activities disregard the
buffer and regenerative capacities of environmental compartments, and overuse natural resources,
undermining the capacity of the Earth system to self-regulate. Overall, there is a danger of weaken-
ing the resilience of the Earth system either through gradual change or by triggering so-called tip-
ping points, which would permanently disrupt global ecosystems and ultimately social-ecological
systems.

Building on related concepts (e.g., limits to growth, carrying capacity, critical loads and tolerable win-
dows), WBGU's guard rail approach, the precautionary principle, earth system science and resilience
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research, the concept defines a global “safe operating space” and identifies nine processes that are cen-
tral to the stability of the Earth system. These nine processes are climate change, ocean acidification,
stratospheric ozone depletion, biosphere integrity, land system change, freshwater use, biogeochemi-
cal cycles (nitrogen and phosphorus cycles), atmospheric aerosol loading, and novel entities and modi-
fied life forms. For the majority of these processes, the concept quantifies safe distances (boundaries)
from areas of increased and high risk of serious consequences. According to Steffen et al. (2015a), four
of the planetary boundaries (climate change, biosphere integrity, biogeochemical cycles and land sys-
tem change) have already been crossed (see Figure 9).

» Figure 9), an additional yellow area of increased risk has been introduced, so that the current
status of some planetary boundaries has changed

» Two planetary boundaries, climate change and changes in biosphere integrity, have been iden-
tified as boundaries of particular significance for the functioning of the Earth system, as these
two boundaries interact with all other planetary boundaries

Concerning the consequences of exceeding boundaries, the concept is now more explicit in stating that
not all transgressions of boundaries will necessarily lead to abrupt reactions (“regime shifts”), rather
moderate or continuous reactions can also occur. Furthermore, the revised concept also makes clear
that not all transgressions have global dimensions (e.g., water and land factors have local to regional
characters). However, the cumulative consequences of multiple local transgressions of boundaries
pose a risk to the functioning of the Earth system.

The spatial heterogeneity and sensitivity of environmental conditions to underlying processes is taken
into account by spatial differentiation and the spatially explicit representation of planetary boundaries
(“downscaling”). This has improved the integration of the concept into local environmental objectives,
operationalizing and connecting the planetary boundaries concept to national processes. Such
downscaling has already taken place for individual boundaries (e.g., water and land), and countries
and regions.

For Sweden, the planetary boundaries have been used to quantify the so-called generational goal. For
Switzerland, the rapid externalization of environmental impacts (and thus of the pressure on the
boundaries) due to domestic consumption patterns and corresponding imports has been observed.
For Europe, the per capita values of environmental impacts are far above the global average and above
the permissible per capita values calculated for the planetary boundaries, while the environmental im-
pacts of European consumption patterns are increasingly shifting to other regions of the world.

For South Africa, a national barometer has been developed, which measures the sustainability of de-
velopment in terms of a “safe and just space.” The barometer attempts to integrate biophysical envi-
ronmental goals with socioeconomic development goals. For China, the concept has also been ex-
tended to socioeconomic boundaries, and applied to rural communities in Yunnan and Anhui prov-
inces.

Environmental Policymaking in the Anthropocene

The crosscutting paper ‘Environmental Policymaking in the Anthropocene’ (see chapter 1.3) deals
with the implications of a range of Anthropocene understandings for environmental policymaking. It
analyzes three interpretations of the Anthropocene, which are present in the discourse. The paper dis-
cusses the implications of these understandings for German environmental policymaking, policy in-
struments, institutionalization and international cooperation. The paper also discusses the concept’s
implications for the legitimacy of environmental policymaking, and the (political) risks and opportuni-
ties that each interpretation entails.

The starting point for the analysis is a cursory description of various human-nature interactions and
understandings of nature from pre-industrial times to the present. Three different dichotomies of “na-
ture” are identified:

» Instrumental vs intrinsic values of nature: Nature as a means to an end vs inherent aesthetic or
spiritual values of nature
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» Dualism vs holism: Nature and humans are ontologically separated vs humans as an insepara-
ble part of nature

» Animism vs materialism: Non-human entities (e.g., rivers and lakes) have a “soul” or “spirit” vs
nature consists exclusively of matter

The planetary boundaries can be assessed based on these distinctions and the previous cursory repre-
sentation of human-nature interactions. In the planetary boundaries concept, specific characteristics
of human-nature interactions and the three dichotomies can be found:

» The idea of human'’s guiding role over nature, as partly found in the Christian tradition, reap-
pears in the discussion on planetary boundaries

» The idea of nature serving human interests (instrumental value) is implied in the planetary
boundaries concept’s framing of sustainable development within a safe operating space

» The idea of an organic and holistic nature can be found in the planetary boundaries concept’s
emphasis on the interactions between individual earth system processes

» The materialistic tendency of the planetary boundaries concept can be understood as a strong
demarcation to animism

» The focus on empiricism as a basis for progress, given empiricism’s fundamental contribution
to scientific revolutions, is inherent in the claim that the planetary boundaries concept pro-
vides quantifiable limits

Subsequently, the concept of the Anthropocene is characterized as open to interpretation. The concept
should not primarily be understood as the result of a discussion within the discipline of geology. Ra-
ther the concept has much wider political, moral, cultural and even metaphysical connotations, having
been shaped by factors outside the discipline of geology. Only since the growth in popularity of the An-
thropocene concept have geologists become interested in the idea of a new earth epoch shaped by hu-
mans. Thus, quite different understandings of Anthropocene have emerged, including interpretations
involving “ecological catastrophe,” “expression of modernity,” “attack on human rights” or “consumer
excess” (Autin 2016: 5).

” o«

Building on and modifying three “philosophical approaches” to the Anthropocene identified by Will
Steffen, the paper on crosscutting issues presents three possible interpretations of the Anthropocene.
The paper examines the Anthropocene from a perspective that preserves nature (“humans as preser-
vationists”), an interpretation that shapes nature more strongly (“humans as gardeners of the earth”)
and a perspective that modifies nature more strongly (“humans as earth engineers”).

From the preservationist perspective, the Anthropocene is perceived as an object to be corrected. In
this interpretation, “nature” is understood holistically; nature is not only an object of human action,
but is also an independent subject (i.e., an entity to be respected). In the Anthropocene, however, we
consistently and increasingly disregard nature. At the same time, there are risks for humans, as we
progressively deprive ourselves of the foundations of our livelihoods. In order to reverse the Anthro-
pocene and return to the Holocene, we must comprehensively limit our influence on nature and elimi-
nate human influence on nature space. The guiding principle of human action should be sufficiency.

From the perspective of humans as gardeners, the Anthropocene presents both risks and opportuni-
ties. We are now in a state of human-nature interaction in which we influence nature to such an extent
that the concept of a human-dominate epoch is justifiable. However, we can also influence the Anthro-
pocene to make it “good” by trying to shape it to resemble the Holocene. To do this, we must respect
planetary boundaries and transform our societies within these boundaries.

From the perspective humans as earth engineers, nature is an instrument for our prosperity and pro-
gress. As earth engineers, we have been manipulating Earth for a very long time; humanity has suc-
ceeded in shifting previous ecological boundaries by using technologies and human forms of organiza-
tion in such a way that, for example, agricultural production has increased. We are not simply exposed
to nature, but are separated from it by our rationality and ability to innovate. It follows from this that
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we must continue to perfect our technical capabilities for mastering Earth and should continue to ad-
vance the development of the Anthropocene. In this perspective, the aim of returning to the Holocene
must be rejected.

These three interpretations of the Anthropocene can in turn be related to the planetary boundaries
concept (see Figure 10). The preservationist perspective does not fundamentally exclude planetary
boundaries. The fact that Earth’s buffer capacities must be taken into account can also be supported
from the preservationist perspective. At the same time, however, the planetary boundaries are not far-
reaching enough. It is not sufficient to transform the Anthropocene positively. Rather, the experiment
of human dominance over Earth must be abandoned and a return to the Holocene must be prioritized.
The gardener perspective is largely coherent with the planetary boundaries concept. Though the
boundaries leave open how development can be pursued within the safe operating space, with the
transition to more sustainable socio-ecological systems only one possible answer. The earth engineer
perspective regards the planetary boundaries as flexible, which can be shifted by human action.

Figure 10: Three interpretations of the Anthropocene and the classification of planetary bounda-
ries

Anthropocene ' Earth engineer
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Source: from authors, adelphi; image of planet from SeaWiFS Project, NASA/Goddard Space Flight Center and
ORBIMAGE

Based on the characterization of the three interpretations, the next step is to derive implications for
German environmental policymaking. From a preservationist perspective, environmental policymak-
ing should address the drivers of the Anthropocene, in particular social and economic structures, life-
styles, values, production patterns; sufficiency is propagated as an all-encompassing principle and eco-
nomic activities are to be reduced as much as possible. At the same time, nature conservation is to be
pursued and “rewilding” supported. Meanwhile, compromises and soft solutions (e.g., voluntary com-
mitments), “green growth,” and technological solutions for environmental problems become less im-
portant. On the institutional side, organizational units connected to nature conservation become more
influential. Internationally, environmental policymaking would strongly reject catch-up and moderni-
zation development approaches.

According to the gardener perspective, environmental policymaking is dedicated to sustainable devel-
opment within the planetary boundaries. According to this perspective, environmental policymaking is
guided by rationality, and - like a gardener - modifies the course of nature, intervening carefully
where necessary. In order to achieve this vision, our relationship to nature needs to change. With the
gardener interpretation of the Anthropocene, political language changes as possibilities, advantages,
innovations, solutions to the Anthropocene are emphasized. Within this interpretation, environmental
policymaking is closer to the current economic structure than the preservationist perspective. This is
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due to the gardener perspective’s emphasis on cooperation, and a new social contract between all soci-
etal actors committed to a new form of economic activity and consumption.

In the earth engineer perspective, the Anthropocene is supported rather than rejected. Ecological
boundaries are ultimately human constructs and the Earth is much more resilient than assumed in the
other perspectives. This changes environmental policymaking to a more positive view of the future:
the planet can be modified to serve human development. This includes anticipating negative environ-
mental change and counteracting it with technological solutions. By affirming our increasing interven-
tion in nature, environmental policymaking becomes a force for the Anthropocene.

All three interpretations are associated with specific political risks. The preservationist perspective
evokes a geological reality that increasingly fades away in the face of an ever stronger Anthropocene
epoch, as it appears increasingly unrealistic to “restore” the Holocene. Internationally, the model
seems unlikely to be successful, since it fundamentally questions economic growth; it seems highly un-
likely that a political consensus will be reached internationally. The language of the gardener perspec-
tive may also make it harder to explain why a sustainability transition is necessary. The gardener met-
aphor blurs social inequalities and weakens approaches that focus on respect for nature. Engineering
the earth implies the same strong risks as geoengineering. Research to date has stressed that side ef-
fects and undesirable long-term effects can occur, and existing efforts to combat environmental prob-
lems could be delayed because of the reliance on technological solutions. Technological solutions
would likely require substantial financial resources to bring about large-scale change.

Planetary Boundaries: Current Status, Trends, Risks, Criticality - What Do We Know and What Do We
Need to Know?

The cross-sectional paper ‘Planetary Boundaries: Current Status, Trends, Risks, Criticality - What Do
We Know and What Do We Need to Know?’ (see chapter 1.2) is intended to be a background paper to
the environmental compartments. The paper compiles available scientific findings on the status,
trends, risks and criticality of the concept, and indicates uncertainties and gaps in knowledge that need
to be taken into account when issuing policy statements on the concept and its implications. The aim
of the paper was the analysis of research literature and the presentation of these results. Initially, an
evaluation of diverging research results was not undertaken (e.g. regarding plausibility / validity).

As far as possible, within the scope of the paper - and depending on availability - scientists were selec-
tively involved. Though no systematic scientific review process took place, as is the case with much
larger processes (e.g., the IPCC reports). For the analysis of trends and dynamics, the authors went be-
yond the original aim of the paper. In a first attempt, explorative trend projections for individual con-
trol variables of the boundaries were generated, taking into account available time series data, and the
shared socioeconomic pathways and SSP scenarios developed for the climate discussion. These trend
projections are to be regarded as supplementary to the original aim, and have not undergone any peer
review process and should not be regarded as a final (peer review) result or a (re-)evaluation of the
results of Steffen et al. (2015). The starting point was rather that no research results existed on this
specific issue and that a first guess should be made (at the time of exploration).

For each of the planetary boundaries, the paper addressed the following aspects:

» Control variables, quantification and uncertainties: Definition of the control variables, quantifi-
cation of the planetary boundary, status in relationship to the boundary, (as far as possible) the
contribution of Germany and the EU to pressures on the boundary, data availability, and con-
sensus on the boundary (criticality, necessity of a boundary, scientific validity of a boundary,
position of the boundary)

» Dynamics and trends: Analysis of the trends and dynamics in relation to the control variables,
examination of previous developments of the control variables, the status of control variables
in relation to the planetary boundary (if these have already been exceeded or when they will
be exceeded under different trend projections), identification of development paths on the ba-
sis of different SSP scenarios, analysis of which development paths contain the possibility of

53




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

remaining within or returning to the safe operating space, and investigation of possibilities for
sustainability transformations
» Risks, reversibilities and criticality: investigation of biophysical and socioeconomic risks asso-
ciated with crossing planetary boundaries, and assessment of the criticality of the boundaries
» Downscaling and policy implications: if the analysis of a boundary revealed policy implications,
this information was included in the downscaling potential of the respective boundary

Methodologically, the paper was based on a literature review and expert interviews. Table 2 summa-
rizes the results of the analysis.
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Table 2:

Factsheets on the individual planetary boundaries

Climate Change

Ocean Acidification

Stratospheric Ozone

Biosphere Integrity

Land System Change

Current global situation

Data availability

Consensus

Observed trend

Scenarios of future

trends

Teleconnections

Large scale risks

Boundary trans-
gressed in late 1980s

Very good
Broadly accepted

Atmospheric CO; con-
centration increasing;
annual emissions cur-
rently not increasing

Only a few of the RCPs
reach net zero emis-
sions by mid of the
century

Drivers (trade) and im-
pacts (e.g. of defor-
estation)

e.g. extreme events,
changes in water avail-
ability, changes in
(agro-)ecosystems
(more details in IPCC
2014a)

Currently boundary not
transgressed

Limited
Broadly accepted

Decreasing aragonite
saturation

Boundary will be trans-
gressed under all RCPs

effects manifest far
away from locations of
CO; emissions

Decreasing calcification;
negative impacts on ma-
rine ecosystems, hatch-
eries and food security

Depletion

Below boundary, ex-
cept Antarctica

Good

Agreement on critical-
ity of the boundary
and the need to re-
verse ozone depletion

Ozone concentration
has stabilized and/or
slightly increased
again

Ozone concentration
expected to increase
further

Locations of produc-
tion of ozone deplet-
ing substances and of
their impacts sepa-
rated by large distance

Impacts on health
(skin cancer), plants,
biogeochemical cy-
cling

Boundary trans-
gressed

Fragmented

Boundary debated

Biodiversity loss could
not be stopped

Biodiversity loss not
stopped

Externalization of im-
pacts through supply
chains but also
through climate
change

Loss of ecosystem
functions, services;
impacts on health,
economy and loss of
resilience of social-
ecological systems

Boundary transgressed
around 1990

Good
Broadly accepted

Total global forest area
keeps decreasing

Widely diverging scenar-
ios

trade related externaliza-
tion of pressures on for-
ests, hydrological and cli-
matic impacts across large
distances

Loss of biodiversity and
ecosystem services,
change in large-scale cli-
mate and moisture recy-
cling,
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Reversibility, adaptabil-
ity

Criticality

CO;can remain in at-
mosphere for centu-
ries, carbon capture

potential is limited

High

Biogeochemical Flows

reversibility only over
extremely long time
scales

High

Freshwater Use

Fully reversible; adapt-
ability depends on
speed of change

Decreasing

Atmospheric Aerosol

Extinct is extinct, spe-
cies cannot be re-
placed; poor people
depend more strongly
on intact biosphere
and hence adaptation
is more critical

High

Novel entities

Deforestation difficult to
reverse, in particular nat-
ural forest are hard to re-
store

High

Current global situation

Data availability

Consensus

Observed trend

Scenarios of future
trends

Boundary trans-
gressed according to
Steffen et al. (2015)

Good

Medium to low

Increase according to
Steffen et al. (2015)

Decrease in anthropo-
genic N-fixation and
global P-delivery un-
der all SSP scenarios

Boundary not yet trans-
gressed

No globally harmonized
data on consumptive use
available

Low: local to regional
scale boundaries seem
to be more critical than
global boundary

Consumptive freshwater
use is increasing globally

Freshwater use increas-
ing under all SSPs

Loading

Boundary exceeded in
south Asia

Global dataset availa-
ble

Medium to low

Spatially and tempo-
rally highly variable
aerosol loading; grow-
ing in some world re-
gions

For particulates de-
creasing under differ-
ent SSP scenarios

n.a.

n.a.

Necessity to include
novel entities ac-
cepted

n.a.

n.a.
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Teleconnections

Large scale risks

Reversibility, adaptabil-
ity

Criticality

Some of the N com-
pounds are subject to
long distant transports

Eutrophication of
freshwater bodies
coastal eutrophication
and subsequent an-
oxic/dead marine
zones,

acidification of soils,
changes in ecosystems

Reversibility moderate
if strong measures are
taken; adaptability
low for poorer com-
munities

High

Source: from authors, PIK, adelphi

Drivers and impacts of
changes often sepa-
rated, e.g. via trade and
atmospheric moisture
transport

Impacts on aquatic eco-
systems, changes in dilu-
tion of pollution, chang-
ing green water and at-
mospheric moisture
flows

Direct effects reversible

Multiple changes in the
hydrological cycle and
water resources are criti-
cal throughout the Earth
system

Long distant transport
in higher altitude

Global warming, hy-
drological cycle, air

quality, health, crop
productivity

Atmospheric aerosol
loading is reversible,
some of the impacts
on human or environ-
mental health not

Potentially high
(health effects and cli-
mate effects)

Plastics distributed
globally with ocean
currents

n.a. (see e.g. ozone
boundary for illustra-
tion)

Some pollutants and
also plastics are very
persistent, GMOs once
released cannot be re-
trieved

Potentially very critical
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Overall, the analysis shows that the planetary boundaries differ greatly from one another, for example,
with regard to the consensus reached on the necessity of the boundaries, the uncertainties associated
with the boundaries, the reversibility of transgressing the boundaries and associated effects, and the
time scale of these effects. The following figures illustrate some of these differences.

Figure 11: Comparison of the planetary boundaries with regard to the consensus for the necessity
of the boundary

novel no boundary value
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climate biosphere aerosols

Source: from authors, PIK

Figure 12: Comparison of the planetary boundaries with regard to the reversibility of the crossing
of boundaries and the resulting impacts
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Source: from authors, PIK

Figure 13: Comparison of the planetary boundaries with regard to the uncertainty of the boundary
value
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Source: from authors, PIK

Figure 14: Comparison of some planetary boundaries with respect to the time scale of the effects
of transgressing boundaries

l P to return to uncritical level after application stops

species composition to reach new equilibrium following climate change I

z sea level response to AT

0.1 1 10 100 1000 10000 years

v

Source: from authors, PIK

58




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

Operationalization of the Planetary Boundaries: Ways Forward, and First Results for Germany and the EU

The paper ‘Operationalization of the Planetary Boundaries: Ways Forward, and First Results for Ger-
many and the EU’ (see chapter 1.4) presents approaches to operationalizing planetary boundaries, and
explores methodological approaches for the climate change and land use boundaries. The paper is pri-
marily aimed at policymakers, but the methodological approaches presented are in principle relevant
to a wider range of actors.

The planetary boundaries provide one control variable per critical environmental process. Regionali-
zation and operationalization of the planetary boundaries can help to integrate a global environmental
perspective into local or national policymaking, promoting vertical policy coherence across scales. Due
to their systemic definition, the operationalization of planetary boundaries can also improve horizon-
tal coherence across sectors.

Before applying the planetary boundaries concept, however, the question of how added value can be
created should be asked and the relevant planetary boundaries should be specified. The objectives of
the concept’s application, as well as useful information and the process of operationalization have to
be adapted to the respective context. The cooperation of scientists, politicians and other stakeholders
allows target-oriented downscaling, enabling the planetary boundaries to serve as benchmarks for en-
vironmental goals. This will always involve normative decisions regarding the “fair” distribution of
global values among individual countries (e.g., through equal per capita allocations across all coun-
tries). This kind of cooperation between science and practice strengthens the legitimacy of the process
and ensures an evidence-based approach.

Demand-oriented operationalization and mainstreaming of the planetary boundaries can be achieved,
for example, through linking the concept to the following programs and strategies:

» Integrated Environmental Programme 2030

» German Sustainable Development Strategy and SDG Implementation
» Bioeconomic Strategy

Integrated nitrogen strategy

v

Such programs and strategies can be benchmarked against downscaled planetary boundaries to test
their consistency with global environmental goals. The “dashboard for sustainability” can help to iden-
tify conflicts of interest between different programs, strategies and environmental objectives.

As the individual planetary boundaries have different properties, there is no standardized procedure
for their application. Nevertheless, some typical elements can be identified:

» The downscaling the planetary boundaries to the relevant scale

» The consideration of the temporal dynamics of underlying processes

» The benchmarking of production-based pressure on the respective environmental process
against the downscaled planetary boundary

» The benchmarking of the consumption-based pressure on the respective environmental pro-
cess against the downscaled planetary boundary

» The transfer of results to relevant political strategies and programs

Applications of the planetary boundaries to national and European contexts demonstrates that it is im-
portant to go beyond production-based and territorial approaches, and account for external environ-
mental effects along the supply chain. Only consumption-based benchmarking against the planetary
boundaries can capture a country’s full impact and contribution to crossing planetary boundaries. In
addition, a consumption-based perspective can provide a spatially explicit assessment of the pressure
exerted and the use of resources, as is necessary from the point of view of the Earth system.

Applying such an approach to the German and European contexts can improve vertical and horizontal
policy coherence. This shows that the per capita contribution of Germany and Europe to crossing plan-
etary boundaries is significantly higher than the global average. For the planetary boundaries investi-
gated (climate, land use, nitrogen), Germany and Europe exceed the downscaled planetary boundaries,
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especially from a consumption-based perspective, regardless of whether the boundaries had already
been exceeded at the global level. Positive trends are limited to Europe, while the negative external
trends via supply chains more than negate these positive trends. From a consumption-based perspec-
tive, Europe's contribution to crossing planetary boundaries has not diminished in recent years.

The outcomes for individual planetary boundaries include (nitrogen is shown separately in UBA text
75/2017; see chapter 2.2):

Climate: Per capita CO; emissions are about 100% for Germany and 50% for the EU above the global
average on a production basis, and are significantly higher from a consumption-based perspective.
While production-based CO; emissions have decreased over the last two to three decades, the growing
emissions externalized via trade have more than negated this positive effect. At the EU level, consump-
tion-based CO; footprints are currently about 10% - 20% higher than production-based CO- foot-
prints. Depending on the chosen climate target, Germany and Europe would have to reduce emissions
by 50% - 90% by 2030, which would correspond to an annual reduction of 2% - 5% against the basis
year 1990. However, the actual rate over the last two to three decades has only been about 1%, so that
annual reduction rates of up to 10% will be necessary over the coming years.

Land use: The planetary boundary for land use (conservation of 275% of natural forest cover) has
been marginally exceeded or is yet to be exceeded globally (depending on the type of calculation), but
has been significantly transgressed in Germany (34% still maintained) and at the EU level (38% still
maintained), despite the boundary for temperate forests being lowered to 50% by Steffen et al.
(2015a). Most EU countries have land footprints that are above the global average and, based on con-
sumption, are usually significantly higher than the global average. The high net imports of agricultural
products and biomass externalize land use to a large extent. Germany and Europe use about the same
amount of land in other regions of the world as they do domestically. Reductions in agricultural land
and the expansion of forest areas in Germany are more than offset by growing imports and contribu-
tions to deforestation in other regions of the world. It should be noted, however, that a downscaling of
the planetary boundary for each country must be context-specific, taking into account local sustaina-
bility criteria.

The Communicative Potential of the Planetary Boundaries Concept

The paper 'The Communicative Potential of the Planetary Boundaries Concept’ (see chapter 1.5) out-
lines communicative challenges and opportunities presented by the planetary boundaries concept for
environmental communication.

In a first step of the analysis, individual communicative strengths of the concept are described. Parts of
the concept's message are easy to grasp (e.g., the limited carrying capacity of Earth). The concept also
addresses a universal group of people (i.e.,, humanity) and concerns a wide range of different aspects
of environmental sustainability. Thus, the concept can be used for communication in different environ-
mental debates and with different actors. The concept also makes use of various metaphors (e.g., the
acceleration of environmental pressures and an inhospitable planet) to facilitate the understanding of
its core messages. Finally, the concept is supported by a group of scientists, which gives it legitimacy.

In the second step of the analysis, the paper explored the ways in which the concept makes use of
these strengths in public debate. To this end, 107 documents from German civil society, federal minis-
tries, Bundestag debates, and political foundations and parties from the period 2010 to 2015 were
compiled. In addition, the media discourse between 2009 and 2015 was analyzed with the help of the
WISO database. The paper examined which actors referenced the concept, how the concept was inter-
preted, for what purposes the concept was used, which other discourses were linked to the concept
and what political means were legitimated by the concept.

Overall, the analysis showed that:
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The intensity of the use of the concept changed over the analyzed period; the concept increas-
ingly appeared in debates from 2011; contributions in the Bundestag and the federal govern-
ment date mainly from 2015, while references to the concept remained constant among other
actors

Various federal ministries (e.g., BMUB, BMZ and BMFSF), Chancellor Angela Merkel and Envi-
ronment Minister Barbara Hendricks referred to the concept; political foundations referred to
the concept in relation to issues such as resource justice, food security and disaster prevention;
various civil society actors referenced the concept (e.g., Brot fiir die Welt, BUND and Ger-
manwatch); in German media, however, the concept appeared very rarely - in the WISO data-
base, only 13 results were found for the search term “planetary boundaries”

The concept was perceived very differently depending on the context; often the concept was
characterized as an objective or a scientific representation of the risks facing humanity; it was
usually pointed out that the concept reinforces well-known insights (e.g., the increasing decay
of ecosystems); outside the discourse, elements of the concept were emphasized very selec-
tively or ignored (e.g., interactions between boundaries); the scientific uncertainties of the con-
cept, and the difference between planetary boundaries and tipping points were underempha-
sized

The concept was used for very different (argumentative) purposes, and was linked to dis-
courses on global (development) challenges, sustainable development, sustainability transfor-
mations, climate change, environmental degradation, human security and even humanity’s sur-
vival; the concept was partially used to highlight global crises and political challenges; the con-
cept was used to reinforce ecological sustainability discourses and to depict the global state of
the environment

Various policy measures were proposed in the discourse to ensure compliance with the bound-
aries, including measures relating to individuals (e.g., changes in lifestyles and consumption),
the transformation of the socio-technical regime and the strong implementation of the Sustain-
able Development Goals (SDGs); the concept was not used to promote individual measures, but
rather was used argumentatively where useful

The discourse reveals gaps between the often perceived communicative strengths of the concept, and
that the concept is partly misunderstood, partly selectively used and existing discourses are not so
much changed as selectively strengthened by arguments. The media discourse demonstrates that the
economic sector, in particular, and society more widely are yet to strongly engage with the concept.
These gaps can in part be explained by some of the concept's communicative weaknesses, including:

>

The complexity of the concept, which unites different messages and can be interpreted in dif-
ferent ways

The “planetary boundaries” phrase covers only parts of the underlying concept; in particular,
the systemic character of the concept is not captured by the phrase

The weak anchoring of the concept in time and space; the concept spatially refers to the entire
planet, and temporally to the Anthropocene and Holocene; this makes the concept less accessi-
ble to individuals, since it has little relation to their specific spatial and temporal experience
The consequences of crossing boundaries and tipping points are not comprehensively de-
scribed in the concept (e.g., who would be affected by crossing boundaries, where and to what
extent)

The question of developmental paths within the boundaries is left open by the concept; thus,
the question is left to political decision-making

The concept’s relationship between normative boundary setting (as an expression of the risk
that societies are willing to bear) and science is tense
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» Social groups were not involved in formulating the concept (however, representatives of the
planetary boundaries research community emphasize the necessity of cooperation and open-
ness for social inputs)

» The language of the concept is highly technical, especially the terms closely related to earth
system science (e.g., biogeochemical cycles, tipping points and aerosol loading) and are there-
fore not immediately accessible to large sections of society

» Rockstrom et al. (2009) use dramatizing language to describe the planetary boundaries con-
cept; this includes references to danger zones, danger levels, dangerous climate change, plane-
tary risks and harmful or even catastrophic effects when crossing boundaries

» The central illustration of the concept is sometimes misleading or not immediately accessible
(e.g., grey fields and question marks are not self-explanatory to a layperson); it is also mislead-
ing that climate change appears yellow, although it is perceived as a priority challenge by the
world community; the illustration is also static and does not show the interaction between
boundaries and the dynamics of boundaries

» Different forms of prioritization of boundaries are possible: on the one hand, on the basis of
the colors of the illustration, the biosphere integrity boundary and the biogeochemical cycles
need to be increasingly tackled; on the other hand, Steffen et al. (2015) view climate change
and the biosphere integrity as core boundaries, but not biogeochemical cycles

In the next step, the communicative functions of the concept are analyzed and related to target groups.
First, the concept’s core messages and additional messages are identified. Among the core messages
are that the stability of the Earth system is at risk, four boundaries have already been crossed and that
transgressing boundaries can lead to abrupt change. An additional message is that humanity has cre-
ated a new geological epoch (Anthropocene). The various messages can be classified thematically ac-
cording to individual subject areas, namely the state of the environment, the role of societies and citi-
zens in the environment, principles of environmental policymaking, and the role of politics and society
in environmental policymaking.

The communicative potential of the concept can be captured not only by looking at the various mes-
sages associated with it, but also by looking at its communication functions. Seven functions were
identified (see Figure 15). For example, the concept can function as a wake-up call, a motivating tool
(humanity’s transformative power in the Anthropocene), and a point of reference and orientation (in
particular through quantification and operationalization to sub-global scales). The concept can also be
used as a focus point and support for further discussion, such as the development of a new social and
economic order, as a common communication platform for exchange between different actors, as a
conceptual framework, and as a tool of legitimization.
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Figure 15: Communication functions of the concept
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The paper also analyzes the potential of the concept to reach different target groups. In science, the
concept is often quoted. For example, the original paper by Rockstréom et al. (2009) was quoted 292
times in Ecology & Society and the first version was quoted 1345 times in Nature (as of first quarter
2016), especially in the field of environmental sciences. Possibilities for exchange exist both for the en-
vironmental (problem) areas behind the individual boundaries (e.g., climate change, and threats to
ecosystems and biodiversity) and for other thematic links (e.g., development cooperation, resource
consumption and risk analyses). The concept has been used as a basis for the exchange of ideas and
experience in the field of environmental sciences.

In politics, the greatest potential of the concept lies in communications between individual govern-
ment agencies, and between civil society and political foundations that influence environmental poli-
cymaking. This is because most communication functions can be located within political processes. In
business, the concept is still rarely used, since the concept is associated with limiting economic activi-
ties and (yet) remains rather unspecific with regard to the role of companies. Some of the communica-
tion functions also offer starting points to communicate with companies, including the “platform func-
tion” and “reference function” (as a conceptual framework for business activities). In public, communi-
cation is hampered by the concept’s various communication weaknesses (e.g., the concept’s weak an-
choring in space and time). Target group communication could directly address different social milieus
and adapt individual messages to the specifics of these groups. For example, for the “traditional mi-
lieu” - which focuses on order, security, stability and the preservation of the status quo - it could be
emphasized that these values can only be achieved in the long run by respecting planetary boundaries.

The concept should be further developed both conceptually and in terms of visual language. Where
possible, in particular in communicating with the public, the conceptual language should be simplified;
the public could also be directly involved through dialogue programs and exchanges. From a commu-
nicative point of view, it is important to further research, quantify boundaries and present the conse-
quences of crossing boundaries. Narratives could also be used to translate the messages of the concept
into more accessible narratives.

The Planetary Boundaries as Social Boundaries: Re-framing the Doughnut

The paper ‘The Planetary Boundaries as Social Boundaries: Re-framing the Doughnut’ (see chapter
1.6) focuses on the “doughnut” approach formulated by Kate Raworth (2012), which complements the
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biophysical planetary boundaries with social boundaries, constructing a safe and just space for sus-
tainable development. The aim of the paper is to critically reflect on the approach formulated by Ra-
worth and interpret the planetary boundaries concept from a social perspective.

The starting point of the analysis are various minimum social standards, such as established in inter-
national human rights law, and within the SDG and the UN Global Compact frameworks. Several prede-
cessors of Raworth’s approach combine ecological and social sustainability with the metaphor of a de-
velopment space, such as the Cocoyoc Declaration, the Brundland Report and the environmental space
concept (Opschoor and Weterings 1994). They share several assumptions:

» Sustainable development is only made possible by integrating social and ecological criteria

» Social and environmental issues represent two different areas, each of which requires its own
objectives

» Both areas can be sufficiently grasped in the form of boundaries (e.g., wage and resource con-
sumption boundaries)

» Environmental space concepts are communicatively beneficial

» “Avoidance targets” (boundaries) are sufficient for sustainable development; within this de-
fined safe and just space, development does not necessarily endanger boundaries

The doughnut approach exhibits some strengths. The social boundaries are comprehensively legiti-
mized (derived from the Rio+20 government submissions) and reflect issues that many see as key de-
velopment challenges. The concept also integrates justice issues outside ecology, filling a gap left open
by the planetary boundaries. Thus, the safe and just operating space concept is also suitable for ex-
change with development cooperation actors.

At the same time, the concept is associated with a number of weaknesses. The two boundaries create a
tension between ecology and society. In addition, the illustration of the planetary boundaries becomes
overly complex. It also remains unclear how conflicts between the two dimensions can be resolved.
Various aspects of social justice (e.g., the right to life and security, and freedom from torture) are not
addressed by the concept.

Within the planetary boundaries community, the approach of Raworth (2012) has met with wide-
spread interest and, in the run-up to the adoption of the 2030 Agenda for Sustainable Development,
several references were made to the concept. At the same time, neither the doughnut approach nor the
planetary boundaries concept were included in the SDGs. In the view of some commentators, the plan-
etary boundaries concept reinforces fears within developing countries that the economic development
of the Global South will be undermined by industrialized countries under the guise of environmental
protection. At the same time, it also seems unrealistic that the concept will be fully implemented in in-
dustrialized countries, as to do so would entail drastically reducing resource and energy consumption.
Overall, the concept appeared polarizing and was abandoned in favor of other approaches, such as the
“triple bottom line approach” (integrated ecological, social and economic development).

In order to address the challenges that emerge from this criticism in the run-up to the 2030 Agenda
(Generalversammlung der Vereinten Nationen 2015), it appears beneficial to specify the language of
the planetary boundaries concept and to present it differently. This is being done by actors in the plan-
etary boundaries community. For example, Johan Rockstrom speaks of “growth within boundaries” (in
response to the criticism that the concept is nothing more than “limits of growth” in a new guise). Fur-
thermore, Raworth's approach of adding social boundaries to planetary boundaries can be understood
as an attempt to present the concept differently.

In further developing these approaches, the paper focuses on the individual planetary boundaries. The
thesis is that planetary boundaries should be characterized as social, and therefore an environmental
space of social and planetary boundaries does not emerge, although a continuum of social goals can be
arranged along a timeline. Some of the boundaries focus on social goals that are to be fulfilled immedi-
ately (e.g., social boundaries), while others focus on long-term goals (e.g., the stability of the Earth sys-
tem and planetary boundaries).
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The starting point for the paper’s analysis are the separate worlds in which development and environ-
mental policymakers and scientists operate. In one world, environmental degradation, risks and catas-
trophes are emphasized, which the global society must face. In the planetary boundaries concept, this
aspect is primarily highlighted through the representation of the Anthropocene - an epoch character-
ized by exponential increases in resource consumption and other socioeconomic trends, resulting in
growing pressure on the planet. This perception is shared in prominent analyses of the state of the en-
vironment, such as the Millennium Ecosystem Assessment (loss of ecosystem services), the GEO 5 re-
port of the United Nations (UNEP 2012) (e.g., consequences for food security and health) and the latest
IPCC report (IPPC 2014) (e.g., economic impacts of climate change). In contrast, development policy-
makers often operate in a different world. The 2015 progress report on the MDGs (United Nations
2015) highlights social progress, including reductions in extreme poverty, malnutrition and child mor-
tality, and improvements in the areas of education and gender equality. The Human Development Re-
port 2016 (UNDP 2016) also highlights reductions in extreme poverty. The following graphs show
progress in relation to individual dimensions of social development.
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Figure 16: Social development, 1880-2010
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Overall, the core messages of the planetary boundaries concept largely correspond to the core mes-
sages of social boundaries concepts. Beyond a scientific basis, planetary boundaries also imply limits
to our current economic activity, and include an assessment of economic and social drivers of global
environmental degradation. Although there is no specification as to which growth model to follow, the
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continuation of the present model is implicitly rejected. The research group developing the concept
also emphasize that the boundaries have a social character. The planetary boundaries are not so much
scientific boundaries as social boundaries, which aim to safeguard human development and the func-
tioning of our societies in the long term.

Socially characterized or reinterpreted planetary boundaries entail both opportunities and risks for
environmental policymaking. The reinterpretation could on the one hand weaken the legitimacy of the
concept, since the normative side of the concept is emphasized in comparison to the scientific side. On
the other hand, the reinterpretation could help bring the worlds of environmental and development
policymaking closer together.

Burden Sharing and Planetary Boundaries

The paper ‘Burden Sharing and Planetary Boundaries’ analyzes the different notions of justice the
planetary boundaries concept induces, and highlights further potential for burden sharing and plane-
tary boundaries. To do so it defines major distinctions of ecological justice and burden sharing. There
are three distinctions that are in principle useful for the discussion of the planetary boundaries con-
cept:

» Distributive justice refers to a state in which each referent object of justice (e.g., an individual
or nation-state) has what is due to them (a specific benefit or burden, or a specific right or
duty) on grounds of distributive principles (e.g., equality or want)

» Corrective justice implies a change to an unjust state which has been brought about by an ac-
tion of an agent (e.g., individual or nation-state) and has harmed the referent object of the ac-
tion

» Procedural justice requires that the formulation and implementation of the process of distrib-
uting benefits or burdens is fair

The paper subsequently looks at the discourse in the scientific community that defines and develops
the concept to understand how proponents of the concept connect it to justice. Within the science dis-
course, distributive justice is a main theme discussed in terms of fair shares of the safe operating space,
corrective justice is not currently discussed in connection with the planetary boundaries concept, while
procedural justice is discussed with regards to the procedure of allocating fair shares.

In addition, German governmental discourse was analyzed as Germany’s Federal Ministry for the Envi-
ronment, Nature Conversation and Nuclear Safety is a principal advocate of mainstreaming the plane-
tary boundaries concept and discourse, and thus represents a good case for analyzing how the concept
is related to burden sharing in practice. The analysis shows that there were a range of different inter-
pretations regarding the connection between the planetary boundaries concept and global ecological
justice:

» In afirst perspective visible in the discourse, planetary boundaries are seen as a precursor for
justice. They are interpreted as the foundation for achieving other social goals, such as reduc-
ing violent conflicts and poverty, and promoting dignity for all

» Inasecond perspective, planetary boundaries are interlinked with distributional justice, espe-
cially the distribution of fair per capita access rights to resources and the fair distribution of
detrimental effects on the environment

» A third perspective connects the concept of ecological boundaries to procedural justice, in par-
ticular participation in the normative aspects of the concept, such as defining the types and
level of risks societies are willing to take, and setting sub-global targets

As a last step, further potential for distributive justice and planetary boundaries was analyzed to con-
tribute to the question of what burden sharing could mean for each planetary boundary. Currently, the
planetary boundaries best suited for application to the distributive justice principle are climate
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change, biosphere integrity, land system change, freshwater use and biogeochemical flows. The dis-
tributive justice principles best suited for the framework are, based on the preliminary analysis, the
equality of per capita allocations and responsibility principle (for the climate change boundary) as
well as the vertical and the right to development principle (for all planetary boundaries). Further re-
search should analyze the implications of distributive justice principles for the respective boundaries
in more detail (e.g., by studying specific examples of application).

Political focus topics: supporting political processes (see chapter 2).

In accordance with the division of the project into crosscutting issues and political focus topics, con-
crete input papers were formulated in the focus topic area for specific questions of the environmental
ministry, which were to provide added value in the political process. These were not originally in-
tended for publication (with the exception of the focus paper on a national nitrogen strategy). In the
following, the results of individual papers are presented in order to provide an insight into the con-
crete operationalization within the framework of the project. These include a position paper that was
formulated for an expert dialogue, the summary of an international expert dialogue on the topic of re-
source efficiency and planetary boundaries, and input papers that aimed to support the formulation of
the BMUB's Integrated Environmental Programme 2030 and a national integrated nitrogen strategy.
Due to the brevity of the paper and the workshop summary, only the focus paper on nitrogen is sum-
marized below.

The Planetary Nitrogen Guard Rail as Reference Point for a National Nitrogen Strategy (see chapter 2.2)

The planetary boundaries describe a safe operating space within which the functioning of the Earth
system is likely maintained in a constellation favorable to humanity. In this way, they can support the
vertical integration of a national nitrogen strategy with global sustainability criteria and environmen-
tal goals - and thus also facilitate international cooperation. For the operationalization and application
of planetary boundaries, the global planetary boundary values must be scaled down, represented spa-
tially explicitly (downscaled) and translated for the respective context. Only then can they serve as
benchmarks against which to compare the current national state of the environment and enable na-
tional strategies to be adapted where necessary (mainstreaming).

The planetary boundary for nitrogen is defined by Steffen et al. (2015a) as 63 million tons per year.
This boundary, which is globally exceeded by a factor of two at present, refers only to the intended
production and release of reactive nitrogen via biological fixation and fertilizer application. It does not
include unintentional releases via combustion processes. This study derives a nitrogen boundary of
0.5 million - 0.7 million tons per year for Germany, depending on whether the global value is scaled
down in relation to Germany's share of either global agricultural area or world population. From the
point of view of planetary boundaries, this benchmark is compared with a current real value of ap-
proximately 2.3 million tons. If one accounts for nitrogen releases (external footprints) caused abroad
due to German consumption and corresponding net imports of agricultural products, this value is even
higher.

Such an application of the planetary boundary for nitrogen indicates that the German and European
nitrogen targets — most of which have not been achieved - are not ambitious enough from the point of
view of global sustainability criteria. For example, compliance with the EU Directive on National Emis-
sion Ceilings (European Environmental Agency 2016) would only reduce the current value by just un-
der 0.5 million tons. Even if the recommendation by the German Advisory Council on the Environment
(SRU) and the Environment Agency (UBA) to half the N-surplus on agricultural land were fully imple-
mented, the planetary boundary for nitrogen, scaled down to Germany, would still be exceeded by
around 200%. Additional emission reductions in agriculture and beyond (especially in the energy,
transport and industry sectors) would be necessary to comply with this boundary.

Increasing nitrogen use efficiency at all levels and along the entire value chain is an important lever for
achieving several environmental and sustainability goals. In addition to reducing nitrogen release into
the environment, improvements (co-benefits) can be achieved (e.g, in relation to land, water, energy,
food security and other development goals as defined in the SDGs). By increasing resource efficiency,
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the amount of nitrogen released into the environment can be reduced. Since the planetary boundary
for nitrogen is defined by maximum allowable environmental concentrations, it can be set higher with
increased resource efficiency.

A decisive factor for the vertical integration of German and international environmental goals and sus-
tainability criteria is the “triad” of reducing nitrogen release within Germany, reducing Germany’s
(trade-related) nitrogen footprint abroad, and increased international cooperation to improve nitro-
gen use and resource efficiency (e.g., through investment, development cooperation, and knowledge
and technology transfer). This triad corresponds to the guiding SDG implementation - SDGs are to be
implemented within Germany and, at the same time, observed internationally (implementation in, by
and with Germany). Starting points for improved vertical coherence between national, regional and
global policy levels include the common European agricultural policy, international trade agreements
and the various multilateral environmental agreements.

The operationalization and application of the planetary boundary for nitrogen to the integrated na-
tional nitrogen strategy provides indications for the further development of the planetary boundaries
itself (e.g., with regard to its extension beyond the agricultural sector). The further development of
planetary boundaries and their application must be iterative and reciprocal. To this end, the nitrogen
strategy should be dynamically developed, with new knowledge (e.g., from accompanying research)
continuously incorporated (adaptive management). In accordance with the systemic character of the
concept and the complexity of the nitrogen cycle, this requires a comprehensive dialogue with part-
ners from all relevant sectors, in accordance with the Future Earth principle of “co-design and co-pro-
duction of relevant knowledge” (i.e., in mutual coordination between politicians, decision-makers and
scientists).

Conclusion and next steps for the operationalization of the planetary boundaries concept (see
chapter 3)

At an international conference in Berlin in April 2017, central questions concerning the further devel-
opment and application of the planetary boundaries concept were discussed, including:

» How can the scientific basis of the concept - which is widely recognized internationally - be
strengthened?

» How can the concept be applied to national environmental and sustainability policymaking?

» What opportunities does the concept present for technical, economic and social innovation, for
operational risk and environmental management, and for environmental education and com-
munication?

The aim of the conference was to bring together key stakeholders in sustainability transformation in
order to develop an agenda for the further application of the planetary boundaries concept in science,
politics, the private sector and civil society, with the conference representing an international mile-
stone for the concept’s dissemination, development and application. The conference focused on two
topics:

» Conference topic 1: The scientific status of planetary boundaries, latest conceptual develop-
ments, critical aspects and deficits of the concept, and future research needs (e.g., the definition
of the boundaries and interactions between them)

» Conference topic 2: The current application and implementation of boundaries at different ge-
ographical scales, in different political contexts and by different actors (e.g., political, private
sector, civil society); and examples of the application of the concept within the EU, Germany,
Switzerland, Sweden, South Africa and China

Starting points, goals, new networks, and next steps for implementation and research on planetary
boundaries were developed, presented and documented. These next steps (roadmaps) are listed be-
low.
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Next steps for policy (see chapter 3.1)

The further implementation, application and transfer of the planetary boundaries will take place
against the background of the concept’s increasing inclusion in sustainability strategies (e.g., Ger-
many’s Integrated Environmental Programme 2030). The concept has potential for strengthening pub-
lic and private sector sustainability and risk governance, for strengthening policy and strategy coher-
ence, for improving communication with experts, stakeholders and the wider public, for supporting
the negotiation of global environmental targets, and for mapping externalized environmental impacts.

With regard to the further communicative linkage of the concept, it is central to link the planetary
boundaries with existing social and economic discourses, and to build a coherent narrative that high-
lights the integrity of the Earth system as a necessary condition for dignity, prosperity and peace. The
link between the planetary boundaries and Anthropocene concepts should be highlighted. The plane-
tary boundaries concept should be presented as complementary to and supportive of the 2030 Agenda
for Sustainable Development. The planetary boundaries should be interpreted flexibly, with parame-
ters of greatest relevance to individual regions or governance challenges prioritized, for example, by
linking the concept with footprints along global value chains or the DPSIR framework.

Overall, the dialogue process on the planetary boundaries concept should be continued, building on
previous events. This includes exchange within the European Union on the eighth EU Environmental
Action Programme, the 2020 State of the Environment Report and the implementation of the 2030
Agenda for Sustainable Development, and within the frameworks of the European Sustainable Devel-
opment Network (ESDN) and the European Environment Agency. Thematically, further dialogue
should focus on risks for insurers, companies and the financial sector associated with transgressing
boundaries, or on innovation within the safe operating space.

Politically, the concept should be applied to the national and European implementation of the 2030
Agenda for Sustainable Development. The concept should be incorporated into various global reports,
including the UN Global Sustainable Development Report, UN environmental reports and the World
Economic Forum's Global Risk Report. Particular emphasis should be placed on measures that reduce
the “hockey stick” tendencies of increasing resource consumption and environmental pressures, par-
ticularly the transformation toward a social-ecological market economy and the further spread of al-
ternative welfare models.

Policy-relevant research should focus on the governance challenge that arises from the concept. Strat-
egies and policy approaches should be developed that ensure societies remain in or re-enter the safe
operating space. Further research should address the implementation and shortcomings of existing
strategies and policy instruments.

Next steps for science (see chapter 3.2)

The planetary boundaries concept has received widespread approval within the scientific community.
However, the research community explicitly dedicated to the concept is still relatively small. At pre-
sent, science funding is not directed toward the integrated development and operationalization of the
concept. In future, modelling and data analysis should focus more on the applicability of the concept.
Research on planetary boundaries is located between climate-oriented earth system sciences and im-
plementation-oriented research (e.g., on SDGs and sustainability issues), which enables research on
planetary boundaries to fulfill a mediating role between the two levels.

Research areas central to the further development of the concept include the realization of models that
simulate planetary boundaries and interactions between planetary boundaries within the framework
of earth system dynamics. Open areas of research include the creation of a systemic approach that
takes into account the integrity of the biosphere (beyond the climate), the inclusion of human societies
as dynamic biogeochemical components (anthropo-biogeochemistry), interactions between planetary
boundaries and teleconnections, and nexus research (e.g., on land-ocean and land-water-energy agri-
culture).

A second area of research concerns the quantification of SDG pathways within planetary boundaries,
such as the socioeconomic feasibility of normative paths, the quantification of shared socioeconomic
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pathways, the benchmarking of existing developments against planetary boundaries, the identification
of synergies and trade-offs between SDG objectives, and the maintenance of the safe and just operating
space.

Further research should address social-ecological complexity (e.g., the preconditions for the safe and
just operating space), and the implementation of the concept by environmental and sustainability poli-
cymakers, and companies (across sectors and regions). This includes embedding the concept in deci-
sion-making, relating the concept to questions of environmental justice, cooperation and institutional
design, and linking the concept with the circular and green economy.

Further research should also focus on the (political and social) orders and ontologies associated with
the concept. This includes examining the socio-cultural implications of the concept, such as questions
of image design and visual language, philosophical and moral questions of the formulation of planetary
boundaries, and the role of transition narratives.

In addition, procedural steps should be considered. For example, regular assessments of planetary
boundaries should be designed (in conjunction with the evaluation of SDG implementation), a dialogue
platform including the business and financial sectors should be established, and reports on research
gaps and costs of inaction should be prepared. An international circle of experts should be formed to
advance the concept.

Next steps for the economy (see chapter 3.3)

A number of companies and sectors have begun to reference the concept in, and translate the concept
into their operational and strategic plans. While the implementation and application of the concept is
still at a formative stage in general, the concept can benefit business. On the one hand, the concept can
be used for corporate communication, placing corporate action in a wider narrative context. Compa-
nies can use the concept internally to raise awareness of risks and externally to emphasize their com-
mitment to sustainability to build consumer confidence (e.g., in the areas of corporate social responsi-
bility and shared value), if credible steps are taken to reduce pressure on the planetary boundaries. In
terms of content, the concept can be used as a “dashboard” that simultaneously formulates important
dimensions of sustainability (conditions of sustainable development) and highlights links between the
dimensions. For some of the planetary boundaries, the concept provides a global budget or large-scale,
long-term performance indicators.

Initial steps for companies include contributing to the formulation of science-based targets and meth-
odologies for downscaling, applying the concept at the company and industry level, analyzing corpo-
rate sustainability standards and linking standards to planetary boundaries, and promoting good prac-
tices and early-adopter companies. Secondary next steps for companies include supporting companies
in implementing the concept, for example, by developing narratives and arguments (business model
for companies), and creating a planetary boundary compass (e.g., with individual pioneers and good
practice examples). A third step would involve the further dissemination of the concept in the corpo-
rate world, for example, by linking it to company-related dialogue processes.
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1 Cross cutting issues

1.1 Das Konzept der Planetaren Grenzen — Chance fiir nachhaltige Entwicklung,
Perspektiven fiir eine integrative Umwelt- und Nachhaltigkeitspolitik

1.1.1 Einleitung

Im Anthropozan mit seiner sogenannten ,great acceleration” (Steffen et al. 2015b) geraten das Erdsys-
tem und seine Sub-Systeme immer stiarker unter Druck. Es ist unklar, ob und wie lange deren fiir die
Menschheit essentiellen Funktionen und Okosystemdienstleistungen erhalten bleiben oder Uber-
schreitungen kritischer Grenzwerte mit ungeahnten und gravierenden Folgen drohen sogenannte ,re-
gime shifts”.

Aufbauend auf Vorlaufer- und verwandten Konzepten wie “limits to growth”, “carrying capacity”, “cri-
tical loads”, “tolerable windows” fasst das Konzept der Planetaren Grenzen den Stand der Wissen-
schaft zu grofdmaf3stibigen Umweltgrenzen bzw. Leitplanken zusammen und versucht einen globalen
nachhaltigen Entwicklungsraum (,safe operating space”) zu definieren. Die rasche Aufnahme in Politik
und gesellschaftliche Diskurse verdankt das Konzept auch der guten Kommunizierbarkeit der einfa-
chen Kennzahlen fiir die verschiedenen Umweltkompartimente, analog dem Zwei-Grad-Ziel aus Klima-

wissenschaft und -politik.

Umwelt- und Nachhaltigkeitspolitik nehmen seit der ersten Publikation des Konzepts (Rockstrém et
al. 2009) auf allen Ebenen vermehrt Bezug auf Planetare Grenzen als globale Rahmenbedingung, so
z.B. das High Level Panel on Global Sustainability (UN 2012) oder das 7. Umweltaktionsprogramm der
EU (Europdische Kommission 2014), welches die , Erreichung wirtschaftlichen und sozialen Fort-
schritts im Rahmen der Belastbarkeit der Erde ,,Grenzen des Planeten fordert.

Auf nationaler Ebene wird das ,top-down“ Konzept der Planetaren Grenzen liber die vertikale Integra-
tion mit ,bottom-up“ Umweltzielen anschlussfahig. Dieses Input Paper stellt das erste in einer Serie
von Beitrdgen zur Anwendung des Konzepts im Rahmen der deutschen Nachhaltigkeitsagenda dar.
Diese Inputpapers stellen Ergebnisse des UFOPLAN-Vorhabens 3714 19 100 0 ,Planetare Grenzen -
Anforderungen an die Wissenschaft, Zivilgesellschaft und Politik“ dar. Weitere Inputpapers werden
auf einzelne Anwendungsmoglichkeiten des Konzepts der Planetaren Grenzen, z.B. fiir das Integrierte
Umweltprogramm 2030 (IUP) oder die nationale integrierte Stickstoffstrategie sowie die Kommunika-
tion des Konzepts, das downscaling der globalen Werte und andere Aspekte der Operationalisierung
eingehen.

1.1.2 Ubersicht iiber die Planetaren Grenzen

Fiir die Planetaren Grenzen ist der historische Klima- und Erdsystemzustand (das Holozin) die
Referenz. Dieser relativ stabile erdgeschichtliche Zustand ist der einzige, den die Menschheit in ihrer
bisherigen Zivilisationsgeschichte erlebt hat. Die Planetaren Grenzen beschreiben maximal moégliche
Abweichungen vom Holozanzustand, unterhalb derer die Stabilitdt des Erdsystems hochstwahrschein-
lich gewahrleistet ist. Im Anthropozéan drohen diese Grenzen durch menschliches Handeln iiberschrit-
ten zu werden (siehe diverse exponentielle sozio-6konomische und bio-physikalische Trends im letz-
ten Jahrhundert; Steffen et al. 2015b), mit unzureichend bekannten Konsequenzen fiir das Erdsystem
und die Menschheit.

Das wissenschaftliche Konzept der Planetaren Grenzen weist auf die Risiken hin, die mit einem
Verlassen des bisherigen Holozanzustands verbunden sind. Es stellt den Stand der Wissenschaft
zu globalen biophysikalischen Umweltgrenzen (in Bezug auf Ressourcennutzung bzw. -degradation
oder Emission von Schadstoffen) dar, bei deren Uberschreitung das Risiko negativer Folgen fiir die
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Funktionsfahigkeit des Erdsystems und damit fiir die weitere gesellschaftliche Entwicklung inakzepta-
bel wird. Die Planetaren Grenzen verweisen gleichzeitig auf die Chancen fiir eine nachhaltige Entwick-
lung innerhalb der durch sie umrissenen stabilen Umweltbedingungen.

Die neun Planetaren Grenzen betreffen physikalische, chemische und biologische Prozesse des
Erdsystems. Dies sind im Einzelnen: Klimawandel, Verlust der Integritit der Biosphare, Landnutzung,
Wassernutzung, biogeochemische Fliisse, Ozeanversauerung, atmosphdarische Aerosolbelastung, stra-
tosphérischer Ozonverlust, Einfiihrung neuer Umweltsubstanzen. Es handelt sich dabei entweder um
kritische Treiber, Druck auf die oder Zustdnde der betreffenden Umweltmedien. Der wissenschaftliche
Konsens iiber die jeweiligen Grenzwerte, deren Erreichen bzw. Uberschreiten und die entsprechenden
(mit zu kommunizierenden) Unsicherheiten variieren zwischen den einzelnen Planetaren Grenzen
(siehe Tabelle 2).

Die Planetaren Grenzen erweitern die Global Change-Debatte iiber das Klimathema hinaus. Auf-
bauend auf dem urspriinglich fiir das Klimathema entwickelten Leitplankenkonzept (WBGU 1995) so-
wie weiteren zumeist sektorspezifischen Vorlauferkonzepten regionaler und globaler Umweltgrenz-
werte, wie z.B. dem critical loads-Konzept (UNECE 1979), bilden die Planetaren Grenzen einen globa-
len, alle Umweltkompartimente umfassenden Rahmen (und ein entsprechendes Narrativ), an dem sich
gesellschaftliche Debatten wie Energie- oder Agrarwende, Welthandel, Umweltgerechtigkeit, Armuts-
bekdmpfung und nachhaltige Entwicklung orientieren konnen. Entsprechend erweitern die Planetaren
Grenzen auch die Transformationsagenda, wie sie der WBGU 2011 fiir das Klimathema erarbeitet hat
(,a dashboard for global sustainability“, Steffen et al. 2015b). Sie kénnen dabei auf den langjahrigen
Erfahrungen mit den Klimaverhandlungen (UNFCCC) und dem Klimaziel (IPCC) aufbauen bzw. von
diesen Prozessen lernen. Analog zum 2-Grad-Klimaziel (siehe 4° Reports: ,, Turn down the heat",
(World Bank Group 2014, 2012; Potsdam-Institut fiir Klimafolgenforschung 2013) sind die negativen
Folgen von Grenziiberschreitungen aufzuzeigen. Ein wichtiger Aspekt dabei wird mit dem Slogan
Jreconnecting to the biosphere“ (Folke et al. 2011, S. 719) beschrieben, ndmlich die Abhangigkeit
nachhaltiger Entwicklung von intakten Okosystemen und deren Dienstleistungen.

Die Planetaren Grenzen beschreiben den Zustandsraum des Erdsystems, in welchem nachhal-
tige Entwicklung maéglich ist. Angelehnt an die Rio Deklaration von 1992 (UN 1992, S. 2)(“environ-
mental protection shall constitute an integral part of the development process”)beschreiben die Plane-
taren Grenzen die globalen biophysikalischen Umweltbedingungen, welche Voraussetzung fiir eine
nachhaltige Entwicklung und gesellschaftliche Ziele wie Armutsbekdmpfung, Gerechtigkeit, Stabilitat
und Frieden sind, wie zum Beispiel das 2-Grad-Klimaziel. Uberschreitungen von Umweltgrenzen stel-
len destabilisierende Faktoren dar, welche Chancen fiir eine global nachhaltige Entwicklung aller
Wabhrscheinlichkeit nach eher vermindern als sie zu vergrofiern.

Planetare Grenzen basieren auf dem Vorsorgeprinzip. Die Planetaren Grenzen definieren einen
sicheren Abstand von kritischen Grenzwerten oder Leitplanken (WBGU 2014) oder einen ,safe opera-
ting space”, innerhalb dessen das Risiko bekannter oder unbekannter Veranderungen auf ein akzep-
tables Mafd begrenzt bleibt (vergleiche mit anderen normativ festgelegten, als gesellschaftlich akzepta-
bel geltenden Risiken, z.B. bei der Reaktorsicherheit oder der Sicherheit anderer technischer Anlagen).
Dieser Sicherheitsabstand von den kritischen Grenzwerten ist u.a. deshalb erforderlich, weil die ge-
naue Lage der kritischen Grenzwerte noch nicht oder zumindest nicht gentigend genau bekannt ist
(wissenschaftliche Unsicherheiten), weil das Erdsystem und seine Teilsysteme mit Verzogerung auf
anthropogene Storungen reagieren (z.B. Erwarmung der Ozeans, Schmelzen des Gronlandeises), weil
positive Riickkopplungen mdoglich sind (z.B. Auftauen von Permafrost und die damit einhergehende
Beschleunigung des Klimawandels) und weil gesellschaftliche Reaktionen (Nachhaltigkeitstransforma-
tionen) Zeit benotigen und ebenfalls mit Unsicherheiten behaftet sind.
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Planetare Grenzen stellen (erd-)systemische Grenzen dar. Die den Planetaren Grenzen zu Grunde
liegenden Prozesse (siehe Tabelle 2) interagieren - oft nicht-linear und mit Riickkopplungen - mitei-
nander (siehe Abbildung), sie beschreiben also nicht neun unabhéngige, parallele Dimensionen, son-
dern einen Gesamtzustand des komplexen Systems Erde und dessen Leitplanken. Damit schaffen die
Planetaren Grenzen eine neue wissenschaftliche Grundlage und ein Kommunikationswerkzeug fiir
eine integrierte Umwelt- und Nachhaltigkeitspolitik und die Ko-Transformation verschiedener Sekto-
ren. Ein solcher systemischer Ansatz schafft einen Mehrwert, indem er sektorale Debatten und Hand-
lungsfelder miteinander verbindet und mogliche Synergien, aber auch Zielkonflikte aufzeigt. Der syste-
mische Charakter der Planetaren Grenzen verweist auch darauf, dass diese Grenzen dynamisch sind,
sich also unter dem Einfluss der miteinander wechselwirkenden Triebkrifte verandern (z.B.: die Pla-
netare Grenze fiir Wasser dndert sich durch Klimawandel).

Einige der Planetaren Grenzen sind bereits iiberschritten.

Vier der neun identifizierten Planetaren Grenzen befinden sich derzeit aufierhalb des safe operating
space (Klima, Land, Biosphare, biogeochemische Fliisse) - sieche Abbildung. Dabei ist das Aussterben
von Arten (Biospharengrenze) als irreversibel zu betrachten, der Klimawandel nach menschlichen
Zeitmafstiben ebenso. Die Uberschreitungen der Land- und biogeochemischen Flussgrenzen sind hin-
gegen weitgehend reversibel. Das Vorsorgeprinzip kommt bei irreversiblen Reaktionen verstarkt zur
Anwendung kommen, d.h. die gegenwartigen Grenzwertiiberschreitungen sollten moglichst schnell
beendet werden, um die Risiken fiir Erdsystem und Menschheit méglichst gering zu halten.

Die Folgen von Uberschreitungen der einzelnen Planetaren Grenzen sind noch nicht vollstindig
bekannt. Fiir einige Planetare Grenzen (z.B. Klima) sind die zu erwartenden Folgen von Grenzwert-
liberschreitungen trotz vieler offener Fragen bereits ausgiebig untersucht. Bei anderen (z.B. Land,
Wasser) sind die Folgen im Prinzip bekannt, aber noch nicht hinreichend quantifizierbar. Wiederum
bei anderen sind die Systemantworten weitgehend unbekannt (z.B. Biodiversitit). Hier stellt sich die
Frage, welche Risiken die Gesellschaft angesichts der bestehenden Unsicherheiten bereit ist einzuge-
hen. Wichtig ist dabei auch die Abwagung, ob die Schwierigkeiten und Kosten einer Einhaltung der
Grenzen kleiner und iiberschaubarer sind, als jene, die sich aus der Uberschreitung von Grenzen erge-
ben.

Die Planetaren Grenzen werden zunehmend riaumlich explizit und auf der Ebene der handeln-
den Akteurinnen und Akteure, v.a. Staaten, dargestellt. Die globalen Grenzwerte und die jeweilige
rdumliche Heterogenitit werden bei der Weiterentwicklung des Planetare Grenzen-Konzepts und fiir
dessen Operationalisierung raumlich differenziert dargestellt (,downscaling”). Auf der Anwenderseite,
wo die Planetaren Grenzen oft (insbesondere als Kommunikationswerkzeug) starkeren Anklang fin-
den als auf der wissenschaftlichen Ebene, erlauben sie eine Formalisierung des Prinzips ,act local -
think global®. Sie beschreiben die globalen Rahmenbedingungen fiir lokales bzw. nationales Handeln
und schaffen damit eine Basis fiir skaleniibergreifendes Umweltmanagement. Damit bilden die Plane-
taren Grenzen auch einen globalen quantitativen, rdumlich expliziten Bezugsrahmen fiir lifecyle- oder
footprint-Analysen. Nationale Beitrdge zu Planetaren Grenzen ergeben sich aus den jeweiligen Antei-
len entweder an einem globalen Budget (z.B. nationale Kohlenstoffdioxid/CO2-Emissionen) oder an
dem erforderlichen Gesamtumweltzustand, welcher globale Systemeigenschaften sicherstellen soll
(z.B. Anteile an erhaltenswerten aquatischen Okosystemen oder Wildern). Dabei sind auch rdumliche
Muster (z.B. besonders vulnerable hotspots) und Interaktionen zwischen den Regionen (,,teleconnec-
tions“) von Bedeutung. Nationale Umweltassessments konnen einen Beitrag zum Monitoring der Pla-
netaren Grenzen darstellen. Die konsistente Integration von (top-down) Planetaren Grenzen mit (bot-
tom-up) Umweltgrenzen kleinerer raumlicher Einheiten und die entsprechenden institutionellen Ant-
worten (institutional fit & policy coherence) stecken allerdings noch in den Anfangen.
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Innerhalb der Planetaren Grenzen gibt es erhebliche Chancen fiir Transformationen (,planetary
opportunities” - DeFries et al. 2012). Das Konzept der Planetaren Grenzen tliberschneidet sich mit Fra-
gen der Globalisierung, der internationalen Kooperation und Wirtschafts- und Finanzsteuerung sowie
der geopolitischen Sicherheit. Chancen fiir Nachhaltigkeitstransformationen und neue Wohlstandsmo-
delle ergeben sich aus Technikinnovationen und verbesserter Ressourcennutzungseffizienz und Nut-
zung von Okosystemdienstleistungen; auerdem aus verbessertem Zugang zu Ressourcen und den da-
raus erwachsenden Versorgungssicherheiten, raumlichen und sozialen Umverteilungen sowie skalen-
tibergreifender Politikkohdrenz einschliefdlich neuer Formen globaler Governance. Damit konnen wirt-
schaftliche Entwicklung und verbesserte Lebensbedingungen bei gleichzeitig vermindertem Druck auf
die Umwelt erreicht werden, im Sinne einer Entkopplung und einer Green Economy*. Dies verlagert
die Debatte von , Limits to Growth“ (Meadows 1972) hin zu ,,Growth within Limits“(Crépin und Folke
2015).

Das Konzept der Planetaren Grenzen hat Implikationen fiir die Gerechtigkeits- und Nachhaltig-
keitsdebatte. Die Verkniipfung des Prinzips ,common but differentiated responsibilities“ (siehe Rio-
Deklaration, UN 1992) mit den globalen Budget- und Grenzwertansitzen der Planetaren Grenzen bil-
det eine Grundlage, auf der die politisch wichtigen Fragen der internationalen Verteilungs-, Finanzie-
rungs- und Umsetzungsgerechtigkeit (Lastenverteilung) verhandelt werden kdnnen. Ausgehend von
den aggregierten globalen Grenzen bzw. Zielen sind nationale Beitrage zu definieren. Fiir den jeweili-
gen nationalen Ist- und Soll-Zustand sind ggf. auch die externen Beitrdge zur Grenzwertiiberschreitung
(insbesondere iiber Handel, wie in sog. ,externen FufRabdriicken” dargestellt), zu beriicksichtigen. Da-
mit stellen die Planetaren Grenzen wissenschaftlich basierte Informationen fiir neue globale Gover-
nance-Prozesse von Umweltgiitern bereit. Die SDGs (UNGA 2015) betonen die Universalitit und Kom-
plementaritdt von Umwelt- und Entwicklungszielen und betonen Umweltziele wie Klima- und Gewas-
serschutz sowie die Erhaltung der Biodiversitat. Dabei werden die Planetaren Grenzen bzw. die Erhal-
tung des Erdsystems in seinem stabilen Holozdnzustand als Grundvoraussetzung nachhaltiger Ent-
wicklung jedoch nicht explizit benannt (WBGU 2014). DerSynthesebericht von 2014 (The road to dig-
nity) erwahnt hingegen die Planetaren Grenzen.

Die wissenschaftliche Weiterentwicklung der Planetaren Grenzen konzentriert sich auf die glo-
bale Quantifizierung und regionale Anwendung der Planetaren Grenzen. Die Ziele dieser Arbei-
ten sind weiter oben im Text bereits benannt: Verringerung der Unsicherheiten beziiglich der jewei-
lige Lage und Dynamik der kritischen Grenzwerte (z.B. Skalierungseffekte und kumulative Effekte lo-
kaler Grenzwertiliberschreitungen), Reaktionen (und Tragheiten) des Erdsystems und dessen Teilsys-
temen bei Grenziiberschreitungen, einzuhaltender Sicherheitsabstdnde von den Grenzwerten (,Leit-
planken“), Interaktionen zwischen den einzelnen Planetaren Grenzen zugrunde liegenden Prozessen,
downscaling auf politik- und entscheidungsrelevante Skalen und Operationalisierung der Planetaren
Grenzen. Zu den wissenschaftlichen Herausforderungen gehoért auch die konsistente Integration der
bio-physikalischen Umweltgrenzen mit sozio-6konomisch Erfordernissen (siehe z.B. Raworth 2012;
Cole et al. 2014; Dearing et al. 2014) auf verschiedenen raumlichen Skalen sowie das hinter den Plane-
taren Grenzen stehende Kultur- und Naturverstindnis (normative Aspekte) und neue multi-level
Governance-Ansatze (siehe z.B. Biermann 2016), welche die oben genannten Nachhaltigkeits- und Ge-
rechtigkeitsaspekte umfassen. Erforderlich sind transdisziplinire Anséatze, integrative und skaleniiber-
greifende Modellwerkzeuge und Datenharmonisierung.

4 Improved human well-being and social equity, while significantly reducing environmental risks and ecological scarcities
(UNEP).
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Im Folgenden nehmen wir Bezug auf die beiden grundlegenden Planetare Grenzen-Publikationen
(Rockstrom et al. 2009; Steffen et al. 2015b) sowie auf die bisherigen nationalen und regionalen An-
wendungen des Konzepts (Cole et al. 2014; Frischknecht et al. 2014; Hoff et al. 2014; Nykvist et al.
2013), die inzwischen recht zahlreichen Publikationen zu einzelnen Planetaren Grenzen sowie Kapitel
2 aus SRU (2015), das sich mit dem Konzept des ,sicheren Handlungsraumes* als Grundlage fiir Stick-
stoffminderungsziele beschaftigt. AufRerdem wird Bezug genommen auf das WBGU-Politikpapier 8
(2014): ,Zivilisatorischer Fortschritt innerhalb planetarischer Leitplanken - Ein Beitrag zur SDG-De-
batte” und die DIE Publikation: ,The challenge for 2015: ensuring global development within plane-
tary guard rails“ (Brandi und Messner 2015).

1.1.3 Weiterentwicklung der Planetaren Grenzen seit 2009

Dieser Abschnitt bezieht sich vor allem auf die beiden zentralen Planetare Grenzen Publikationen von
Rockstrom et al. (2009) und Steffen et al. (2015b). Letztere nimmt Bezug auf die zahlreichen Publikati-
onen, die seit 2009 zu einzelnen Planetaren Grenzen erschienen sind, auf die umfangreichen Diskussi-
onen innerhalb und auferhalb der Wissenschaft und auf Fragen nach der Validitiat und Anwendbarkeit
des Konzepts. Rockstrom und Steffen sind Leitautoren beider Publikationen. Dariiber hinaus hat es
einige Veranderungen bei den iibrigen Autoren gegeben, welche die neueren Beitrage zu den einzel-
nen Planetaren Grenzen widerspiegeln.

Die Autoren haben wiederholt klargestellt, dass der Ausgangspunkt der Planetaren Grenzen die Funk-
tionsfahigkeit und Stabilitdt bzw. Resilienz des Erdsystems und dessen biophysikalische Grenzen bzw.
die Vermeidung von deren Uberschreitung ist. Das Konzept umfasst weder Annahmen zur Treibern
noch zu Mafdnahmen zur Vermeidung von Grenzwertiliberschreitungen oder zu Ressourcenproduktivi-
tat. Diese bleiben der Anwendung in Umwelt- und Nachhaltigkeitspolitik auf allen relevanten Skalen
vorbehalten, fiir welche die Planetaren Grenzen einen quantitativen wissenschaftlichen Rahmen bie-
ten (Galaz 2012).

Die Konzeptionalisierung, Definition und Quantifizierung der Planetaren Grenzen ist seit ihrer Verof-
fentlichung 2009 (Rockstrom et al.) kontinuierlich und durch die verschiedensten wissenschaftlichen
Disziplinen weitergefiihrt worden und wird auch gegenwartig intensiv weitergefiihrt. Zu den einzel-
nen Planetaren Grenzen und deren Wechselwirkungen sind jeweils spezielle Arbeiten publiziert wor-
den welche diese kritisch untersucht haben (s.u.). Dabei sind einige Grenzen revidiert oder auch neu
definiert worden, und es haben sich z.T. erhebliche Verdnderungen der Grenzwerte und der bereits
erreichten Grenzwertiiberschreitung ergeben. Steffen et al. (2015b) fassen mit ihrer Planetary
Boundaries 2.0 Publikation (die wahrscheinlich besser als ,Planetary Boundaries 1.5“ zu bezeichnen
wadre, da es sich nicht um eine Neu- sondern eine Weiterentwicklung handelt) den derzeitigen Stand
der Wissenschaft - einschliefdlich der jeweiligen Unsicherheiten - zusammen und geben erste Hin-
weise fiir die Operationalisierung und Anschlussfidhigkeit des Konzepts. Aus Sicht der Autoren ist da-
rauf hinzuweisen, dass die Weiterentwicklung des Planetare Grenzen-Konzepts zum Teil durch unzu-
reichende Forschungsférderung behindert wird.

Der Risikoansatz (Vermeidung eines inakzeptablen Risikos noch nicht vollstiandig tiberschaubarer,
aber potentiell gravierender, Folgen fiir das Erdsystem und die Menschheit) fiir die Herleitung der
Grenzwerte wird jetzt starker betont. Wahrend zwischen den beiden Planetare Grenzen-Publikationen
(2009 und 2015) die wissenschaftliche Basis zu mdéglichen Grenzwerten und Kipppunkten fiir die ver-
schiedenen Umweltkompartimente und -prozesse weiter gestarkt wurde, bleibt die Leitplankenset-
zung, d.h. die Bestimmung ,inakzeptabler” Risiken, mit normativen Elementen verbunden.

Im Einzelnen sind die Planetaren Grenzen wie folgt modifiziert oder iibernommen worden (siehe Ta-
belle 2):

» ,climate change* liegt unverandert bei 350 ppm CO; concentration und einem radiative forcing von
1 W m-2 radiative forcing; inzwischen gibt es zahlreiche neue Publikationen zu den Folgen stiarkerer
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Erwdrmung z.B. den jiingsten IPCC Bericht (IPCC 2014) und die Berichte der Weltbank (,Turn down
the heat");

» ,rate of biodiversity loss“ (2009) wurde zu ,,change in biosphere integrity” (2015), wobei ein
zusatzlicher Indikator ,biodiversity intactness index” eingefiihrt wurde; Dabei sind die Arbeiten von
Barnosky et al. (2011; 2012) in Hinblick auf die Aussterberate von Spezies eingeflossen. Der neu
aufgenommene ,biodiversity intactness index“ geht auf Arbeiten von Scholes und Biggs (2005) zu-
riick. Mace et al. (2014) haben weitere biosphérische Grenzen und Running (2012) eine zusatzliche
Planetare Grenze fiir Biomasseproduktion (,net primary production“) vorgeschlagen. Diese Vor-
schlage sind jedoch nicht in die Planetary Boundaries 2.0 eingegangen;

» ,nitrogen & phosphorus cycle“ (2009) wurde zu ,biogeochemical flows“ (2015), worunter auch
(bislang noch nicht quantifizierte) Grenzen fiir andere Elemente wie Silizium fallen. Fiir Stickstoff
(N) und Phosphor (P) wurden zusatzlich zu den globalen auch regionale Grenzwerte eingefiihrt; die
Quantifizierung beruht auf Arbeiten von Carpenter und Bennett (2011) fiir P und DeVries et al.
(2013) fiir N;

» fiir ,Jand system change“ wurde der Indikator von maximal modglichem Anteil Ackerland an der Ge-
samtlandflache zu mindestens zu erhaltendem Waldanteil gedndert und letzterer rdumlich bzw.
nach Biomen differenziert (tropische, temperate, boreale Walder);

» die Planetare Grenze fiir ,freshwater use“ wird jetzt fiir jedes Flusseinzugsgebiet einzeln bestimmt,
basierend auf dem Wasserbedarf aquatischer Okosysteme (,environmental flow requirements*)
und daraus der global aggregierte Wert berechnet (,,bottom-up construction of the planetary
boundary*); die Berechnung beruht auf Gerten et al. (2013) und Pastor et al. (2014);

» die Planetare Grenze fiir ,stratospheric ozone depletion“ ist unverandert;
» die Planetare Grenze fiir ,ocean acidification” ist ebenfalls unverandert;

» fiir ,atmospheric aerosols“ wurde erstmals ein Grenzwert (atmospheric optical depth 0.25) festge-
legt, allerdings nur fiir eine Region (South Asia Monsoon);

» ,chemical pollution” (2009) wurde zu ,introduction of novel entities“, wobei diese Planetare
Grenze jetzt weiter gefasst wird und auch ,modified life-forms“ umfasst. Hier wurden drei Kriterien
fiir kritische Substanzen (Persistenz, Mobilitit tiber Skalen hinweg mit entsprechend weiter Ver-
breitung, potentielle Auswirkungen auf wichtige Prozesse des Erdsystems oder seiner Sub-Systeme)
definiert, allerdings noch keine Indikatoren oder Grenzwerte bestimmt. Grundlegend fiir diese Er-
weiterung sind die Publikationen von Persson et al. (2013), MacLeod et al. (2014) und Diamond et
al. (2015).

In der zentralen Grafik, dem Planetare Grenzen-Kreis (Fig. 3 in Steffen et al. 2015a; Abbildung) wurde
gegeniiber der Abbildung aus Rockstrom et al. (2009) ein zusatzlicher gelber Bereich erh6hten Risikos
eingefiihrt, so dass der derzeitige Status einiger Planetarer Grenzen sich verandert hat. Dies bedeutet
jedoch nicht, dass sich die Einschatzung zur Kritikalitat der Gernzen, insbesondere der Klimagrenze,
verdndert hatte. Der sichere Bereich (griin markiert) und damit die Planetare Grenze ist und bleibt
tiberschritten.

Zwei Planetare Grenzen, die fiir Klimawandel und die fiir Anderungen der Biosphirenintegritit, wer-
den jetzt als ,core boundaries“ mit besonderer Bedeutung fiir die Funktionsfahigkeit des Erdsystems
herausgehoben. Sie stellen die am starksten systemischen und Planetaren Grenzen dar und interagie-
ren mit allen anderen Planetaren Grenzen (Friedrich 2013). Gleichzeitig sind die Folgen der Uber-
schreitung dieser beiden Planetaren Grenzen als in menschlichen Zeitraumen irreversibel zu betrach-
ten. Die bisherigen Uberginge von Erdzeitaltern waren stark von Klima- und Biosphirenverianderun-

gen gepragt.

78




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

Durch eine beginnende rdumliche Differenzierung und raumlich explizite Darstellung der globalen Pla-
netaren Grenzen (,downscaling”) wird der raumlichen Heterogenitit von Umweltzustdnden und Sen-
sitivitiat gegeniliber den zugrunde liegenden Prozessen (siehe Tabelle 2) Rechnung getragen. Damit
wird auch die Operationalisierbarkeit und Anschlussfahigkeit der Planetaren Grenzen an nationale
Umweltziele verbessert. Dieses downscaling ist fiir einzelne Grenzen (wie Wasser und Land) schon
ansatzweise erfolgt (siehe z.B. Gerten et al. 2013), fiir andere noch nicht. Weitere Arbeiten dazu sind
im Gange (z.B. Hayha et al. 2016), um die Planetaren Grenzen in lokalen Kontexten wie auch bei der
nationalen Implementierung der SDGs anwenden zu kénnen.

Die Folgen der Uberschreitung von Grenzwerten werden jetzt differenzierter dargestellt, es werden
nicht mehr fiir alle Planetare Grenzen abrupte Reaktionen (,regime shifts“) an ,Kipppunkten“ ange-
nommen, sondern es werden auch moderate bzw. kontinuierliche Reaktionen in Betracht gezogen -
siehe Abbildung in Steffen et al. (2015a). Auch haben nicht alle Kipppunkte globale Dimensionen, son-
dern z.B. die fiir Wasser und Land sind eher lokal bis regional, die kumulativen Folgen vielfacher loka-
ler Grenzwertiiberschreitungen stellen allerdings wiederum ein Risiko fiir die Funktionsfahigkeit des
Erdsystems dar (Galaz 2012).

Abbildung 17: Gegenwartiger Status der Kontrollvariablen

Climate change

Biosphere integri
» grity E/MSY Novel entities

Bll

Stratospheric
ozone depletion

Land-system
change

Atmospheric aerosol

Freshwater use loading

N Ocean acidification W Beyond zone of uncertainty (high risk)
O In zone of uncertainty (increasing risk)
@ Below boundary (safe)

Biogeochemical flows

Quelle: Steffen et al. 2015a; Griin markiert ist der sichere Bereich (,,safe operating space”) dessen dulRerer Rand die
Planetaren Grenzen darstellt, gelb eine Zone der Unsicherheit und rot ein inakzeptabel hohes Risiko, das mit der
Grenzwertiiberschreitung einhergeht.
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Abbildung 18: Wechselwirkungen zwischen Planetaren Grenzen
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>  Weak effect reducing the safe space of the affected factor, or complex effect with large uncertainties
» As this factor moves away from its safe space, the safe space for the affected factor shrinks a little

=P As this factor moves away from its safe space, the safe space for the affected factor shrinks a lot

Quelle: Steffen et al. 2015a

Tabelle 2: Die neun Planetaren Grenzen, ihre Unsicherheitsbereiche und ihr derzeitiger Status
Erdsystempro- Indikator Planetare Grenze Derzeitiger Status
zess [mit Unsicherheitsbereich]

Klimawandel a) Atmospharische CO,- 350 [350-450] ppm 399 ppm !
Konzentration
b) Energiebilanz am Rand | Anderung des Strahlungsan- 2,3[1,1-3,3] W/m?
der Atmosphare triebs i. Vgl. zu vorindustriellem

Wert <1,0 [1,0-1,5] W/m?
Anderung der Bi- | a) Genetische Diversitat <10 [10-100], idealerweise ~1 100-1000 E/MSY !!
ospharen-Integri- Extinktionen pro Mio. Spezies-
tat jahre (E/MSY)

b) Funktionale Diversitdt | Biodiversity Intactness Index 90 | ?

[90-30]%, fiir GroRregionen (Bi- | (84 % in S-Afrika)
ome) od. funktionelle GroR-
gruppen
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Stratospharischer
Ozonabbau

Ozeanversaue-
rung

Biogeochemische
Flisse (Phosphor-
, Stickstoffkreis-
laufe)

Landnutzungs-
wandel

SifRwassernut-
zung

Atmospharischer
Aerosolgehalt

EinflUhrung neuer
Substanzen und
Lebensformen

Stratosphérische Ozon-
Konzentration

Konzentration von Karbo-
nat-lonen

a) P-Kreislauf: Global: P-
Eintrag von Fliissen in den
Ozean; regional: P-Eintrag
in erodierbare Boden

b) N-Kreislauf global: in-
dustrielle und biologische
N-Fixierung

Global und regional:
Waldflache in % der ur-
springlichen Flache

Global: jahrlicher StiRwas-
serverbrauch; regional:
monatliche Wasserent-
nahme

Saisonales Mittel der Ae-
rosol-optischen Dicke
(AOD) liber einer Region
(da global sehr hetero-
gen)

Noch undefiniert

<5 [5-10]% Riickgang gegeniber
vorindustriellem Niveau (290
Dobson Units), pro Breitengrad

>80 [280-270]% der vorindustri-
ellen mittleren globalen Arago-
nit-Sattigung der obersten Mee-
resschicht

Global: 11 [11-100] Tg/Jahr; re-
gional: 6,2 [6,2-11,2] Tg/Jahr auf
erodierbare Boden aufgebracht

62 [62-82] Tg N / Jahr

75 [75-54]% als Mittel dreier
Biom-spezifischer Grenzen: Re-
genwald 85 [85-60]%, Walder
gemaligter Breiten 50 [50-
30]%, boreale Walder 85 [85-
60]%

Global: 4.000 [4.000-6.000]
km3/Jahr. Regional: Entnahme
des mittleren monatlichen Was-
serdargebots bei Niedrigwasser
25 [25-55]%, bei Hochwasser 55
[55-85]%, sonst 30 [30-60]%

Regional (Bsp. slidasiatischer
Monsun): anthropogene AOD
Uber Indien 0,25 [0,25-0,50], ab-
sorbierende (warmende) AOD
<10 % dieses Werts

Noch undefiniert

Uber Antarktis im
Frihjahr Gberschrit-
ten (~200 Dobson
Units)

~84 %

~22Tg P /Jahr !l

~150 Tg N / Jahr !l

62 % !

~2.600 km?3/Jahr

?
(0,30 liber S-Asien)

Quelle: adaptiert von Steffen et al. (2015a); fett gedruckt und mit Ausrufezeichen versehen sind zugehorige Indikator-
werte, die sich bereits innerhalb des Unsicherheitsbereichs befinden (! in Abb. 1 gelb markiert) bzw. diesen tberschrit-
ten haben (bezeichnet mit ,!!“ in Abb. 1 rot markiert).

1.1.4 Nationale (und regionale) Anwendungen des Planetare Grenzen-Konzepts

Die Planetaren Grenzen sind als globale biophysikalische Umweltgrenzen in Hinblick auf die Erhaltung
der Funktionsfahigkeit des Erdsystems entwickelt worden (s.0.). Sie bieten jedoch Ankniipfungs-
punkte fiir eine Operationalisierung, v.a. auf nationaler Ebene. Erste Interpretationen der Planetaren
Grenzen gibt es fiir Schweden, die Schweiz, Europa und Siidafrika.
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1.1.4.1 Schweden

Nykvist et al. (2013) haben die Planetaren Grenzen fiir Schweden interpretiert in Hinblick auf das so-
genannte “generational goal“: «to hand over to the next generation a society in which the major envi-
ronmental problems in Sweden have been solved, without increasing environmental and health pro-
blems outside Sweden’s borders» (Nykvist et al. 2013, S. 23) . Es zeigt sich, dass bei einer einheitlichen
Pro-Kopf-Verteilung des zuldssigen Ressourcenverbrauchs bzw. der zuldssigen Emissionen auf die Ge-
samtbevolkerung der Erde, die schwedischen Pro-Kopf-Werte zumeist weit iiber dem erlaubten Wert
(und tiber dem globalen Mittel) liegen und daher die meisten Planetaren Grenzen weit {iberschritten
wiirden, wenn jeder Bewohner der Erde schwedische Werte erreichte (siehe dazu auch WWF 2014).

1.1.4.2 Schweiz

Frischknecht et al. (2014) haben eine rasch wachsende Externalisierung von Umweltauswirkungen
(und damit des Drucks auf die Planetaren Grenzen) aufgrund von schweizerischen Konsummustern
und entsprechenden Importen festgestellt. Die externen (d.h. sich auRerhalb der Schweiz manifestie-
renden) Umweltauswirkungen sind von 56 % (1996) auf 73 % (2011) der gesamten Umweltauswir-
kungen gestiegen.

1.1.4.3 Europa

Hoff et al. (2014) haben fiir Europa ebenfalls gezeigt, dass die Pro-Kopf-Werte der Umweltauswirkun-
gen weit liber dem globalen Mittel und iiber den aus den Planetaren Grenzen errechneten zulassigen
Pro-Kopf-Grenzwerten (bei gleichmafdiger Verteilung auf die Gesamtbevolkerung der Erde) liegen und
dass sich die Umweltauswirkungen europaischer Konsummuster zunehmend in andere Weltregionen
verlagern. Letzteres hat zu einer Verbesserung der Umweltsituation in Europa gefiihrt, nicht jedoch zu
einer Verminderung der entsprechenden europaischen FufRabdriicke (,footprints“) oder zu einer Ver-
minderung des von Europa verursachten Druck auf die Planetaren Grenzen und ebenso wenig zu einer
Entkopplung von der wirtschaftlichen Entwicklung. Europas neues Umweltaktionsprogramm “Living
well, within the limits of our planet” (EC 2014) nimmt auf diese Externalisierung bzw. Europas Um-
weltauswirkungen in anderen Weltregionen kaum Bezug.

1.1.4.4 Sudafrika

Cole et al. (2014) haben ein nationales “Barometer” entwickelt, welches die Nachhaltigkeit der Ent-
wicklung in Siidafrika in Hinblick auf einen ,safe and just space“ misst, also bereits versucht, biophysi-
kalische Umweltziele mit sozio-6konomischen Entwicklungszielen zu integrieren. Die Indikatoren sind
dabei sehr spezifisch auf Siidafrika zugeschnitten und haben z.T. nur entfernt mit den eigentlichen Pla-
netaren Grenzen zu tun.

1.1.4.5 China

Dearing et al. (2014) haben das Planetare Grenzen-Konzept ebenfalls um sozio-6konomische Grenzen
erweitert und auf landliche Gemeinden in der Yunnan und der Anhui Provinz in China angewendet. Sie
zeigen dabei Interaktionen und Zielkonflikte zwischen den einzelnen Grenzen und Skalen sowie Ver-
bindungen zwischen den Regionen auf.

Diese ersten Anwendungen der Planetaren Grenzen fiir spezielle (sub-)nationale oder regionale Kon-
texte zeigen, dass es der Interpretation, Ubersetzung und Anpassung der Planetaren Grenzen bedarf,
um diese fiir konkrete Umwelt- und Nachhaltigkeitszielsetzungen zu nutzen. Das downscaling kann
nach verschiedenen Kriterien erfolgen (z.B. pro Landesflache oder pro Kopf, mit oder ohne Bertick-
sichtigung externer Umwelteffekte) und daher zu unterschiedlichen Zielwerten fiir das betreffende
Land oder die Region fiihren. Insbesondere fiir die nicht vollstandig globalen Planetaren Grenzen - wie
z.B. Wasser, Land, Stickstoff, Phosphor - entscheidet der lokale Kontext mit tiber die Kritikalitdt von
Grenzwertliberschreitungen. Gleichzeitig sind Konzepte wie fair shares, burden sharing oder common
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but differentiated responsibility zu berticksichtigen, um allen Lindern gleichermafien eine Nachhaltig-
keitstransformation zu erméglichen. Dabei werden fiir einige der Planetaren Grenzen auch historische
kumulative Ressourcennutzungen bzw. Emissionen relevant.

1.1.5 WBGU-Politikpapier (2014) und DIE Current Column (2015)

Abschliefiend wird in diesem Kapitel kurz Bezug genommen auf die beiden von WBGU bzw. DIE verof-
fentlichten Politikpapiere “Zivilisatorischer Fortschritt innerhalb planetarischer Leitplanken. Ein Bei-
trag zur SDG-Debatte” (WBGU 2014) und "The challenge for 2015: Ensuring global development
within planetary guard rails“ (Brandi und Messner 2015).

Der WBGU fordert darin eine Einbeziehung von planetaren Umweltgrenzen in die SDGs. Er greift die
Forderung der Integration von Umwelt und Entwicklung von Rio (UN 1992) auf und stellt fest, dass
Umweltziele den Entwicklungszielen nicht nur nicht entgegenstehen, sondern eine Einhaltung plane-
tarer Leitplanken die Grundvoraussetzung fiir Versorgungssicherheit, Armutsbekdmpfung und Ent-
wicklung darstellt.

Der WBGU hat bereits 1995 das Leitplankenkonzept (fiir das Klimathema) entwickelt und argumen-
tiert nun, dass die Antwort auf andere globale Umweltverdnderungen zusatzlich zum Klimawandel
ebenfalls in einer globalen Grenzwertsetzung (und deren politischer Kommunikation wie am Beispiel
des Zwei- Grad-Ziels demonstriert) bestehen muss. Daher fordert der WBGU ein entsprechendes zu-
satzliches nachhaltiges Entwicklungsziel im Kanon der SDGs (siehe UNGA 2014), das durch entspre-
chende detaillierte und langfristige globale Umweltziele (,targets”) spezifiziert wird. Der WBGU
schligt dafiir die Planetare Grenze fiir Klima, Ozeanversauerung, Biodiversitit und Okosystemdienst-
leistungen, Land- und Bodendegradation, persistente und schadliche anthropogene Substanzen und
Verlust von Phosphor vor (die ibrigen drei Planetaren Grenzen tauchen in der WBGU Liste nicht auf).

Weiterhin macht der WBGU erste Vorschlage, wie sich diese globalen Umweltziele einhalten lassen,
wie z.B. liber die Verbesserung der Ressourcennutzungseffizienz, nationale Transformationspliane mit
korrespondierenden nationalen Umweltzielen, internationale Kooperation, begleitende Forschung und
weitere Wissenschaft-Politik Schnittstellen fiir die ibrigen Planetaren Grenzen analog zum IPCC (In-
tergovernmental Panel on Climate Change) fiir Klima und IPBES (Intergovernmental Platform on Bio-
diversity and Ecosystem Services) flr Biodiversitat. Ferner fordert der WBGU einen vollstandigen
Stopp der nationalen Beitriage zu den jeweils zugrunde liegenden Triebkraften des globalen Wandels
(WBGU 2014, S. 4, S. 15).

Die DIE Current Column: "The challenge for 2015: ensuring global development within planetary
guard rails“ (Brandi und Messner 2015) fasst das WBGU-Politikpapier (2014) kurz zusammen und be-
tont dabei die Notwendigkeit, die Planetaren Grenzen zu respektieren, um nachhaltig Armut zu be-
kampfen und menschliche Entwicklung sicherzustellen. Die Kolumne argumentiert, dass in den letzten
Jahren und Jahrzehnten der sozio-6konomischen Entwicklung mehr Aufmerksamkeit zuteil wurde als
der Nachhaltigkeit im Umweltbereich und dass nur drei der vorgeschlagenen SDGs direkt auf Plane-
tare Grenzen- (bzw. Leitplanken-) relevante Umweltbereiche Bezug nehmen.

Wenngleich es die Planetaren Grenzen nicht in die Agenda 2030 fiir nachhaltige Entwicklung (UNGA
2015) geschafft haben, sind sie mittlerweile wissenschaftlich hinreichend begriindet und anerkannt,
um im Prozess der nationalen SDG-Implementierung den globalen Umweltrahmen zu bilden, inner-
halb dessen Nachhaltigkeitstransformationen moéglich sind. Die weitere Spezifikation der Planetaren
Grenzen und ihre kontext-spezifische Ubersetzung und Interpretation wird daher einen wichtigen Be-
standteil der 2030 Agenda bilden.
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1.2 Planetary Boundaries: current status, trends, risks, criticality — what do we
know, and what do we need to know?

Executive summary

The planetary boundaries concept originates from Earth system science. It identifies precautionary
limits to environmental modification, degradation and resource use. The planetary boundaries are
large-scale, long-term, and systemic. They delineate an environmental safe operating space in which
sustainable development can take place. Their operationalization can support evidence-based policy
and decision making. Besides pointing out major uncertainties, this paper primarily addresses two
main questions which have not been answered thoroughly before:

» What are main trends globally and in Germany with regards to planetary boundaries control
variables? When have individual boundaries been transgressed for the first time or when will
they be transgressed under different future scenarios? We derived widely diverging future
pathways associated with different SSPs, some of which indicate the possibility to stay within /
return to the safe operating space and hence indicate opportunities for sustainability transi-
tions.

» What are associated risks and how critical are boundary transgression? To the extent possible,
the paper differentiates per boundary the risks for different exposure units associated with in-
creasing pressure on the respective boundary, as illustrated for the climate planetary bound-
ary by the well-known burning embers diagram.

Another (minor) focus of this paper is on the operationalization of the planetary boundaries: how can
we put them into practice in Germany, taking the above findings into account, further co-developing
and mainstreaming the concept into existing institutions and policy frameworks.

1.2.1 Introduction

The planetary boundaries concept was initially formulated by Rockstréom et al. (2009) and updated by
Steffen et al. (2015), building on previous concepts such as the WBGU guardrail approach, and formu-
lating (environmental) conditions for sustainable development, namely not to transgress the nine
identified boundaries of the planet, in order to achieve well-being within a safe operating space. The
concept covers physical, chemical and biological processes of the Earth system, for which boundaries
are defined (with the exception of the novel entities, the aerosol boundary and partially the biosphere
integrity boundary for which either no control variable could be specified yet or for which data for
monitoring the control variable globally are lacking). The updated illustration captures the nine
boundaries and the current status with regards to the boundaries (Figure 19).
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Figure 19 The planetary boundaries
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Source: Steffen et al. 2015a

The key characteristics of the planetary boundaries concept should be taken into account when put-
ting the concept in practice. The concept is concerned with the stability of the Earth system; local / re-
gional environmental changes are included when their aggregate effect is hypothesized to have the po-
tential to disrupt critical Earth system processes. The reference point for the definition of the bounda-
ries is the pre-industrial climate and Earth system state (the Holocene, which has been relatively stable
and hence beneficial for human development). The planetary boundaries describe how far humanity
can use or degrade resources and pollute, up until the risk of potentially abrupt and irreversible unde-
sirable Earth system changes becomes too large. They thus form a safe operating space for humanity.

The concept rests firmly on the precautionary principle. Boundaries are formulated because the pre-
cise risks of Earth system change are not known. For the climate system there is evidence for past state
shifts (see e.g. Lenton et al. 2008) and that these shifts may not be beneficial for humans. Precaution-
ary boundaries are also formulated because the precise position of thresholds are not known, e.g. due
to delays in the Earth system reaction to anthropogenic pressures, or potential positive feedbacks
which could amplify current trends (e.g. biome shifts in tundra and melting of permafrost with associ-
ated methane release which could amplify global warming), but also because policy reaction is usually
slow. This has immediate consequences for interpreting the risk-based concept and its illustration, as
well as putting it into practice. Planetary boundaries are not synonymous with tipping points; they are
set within an (normatively) agreed upon safe distance from potential thresholds. Transgressing a
boundary hence does not imply (but increases the risk) to hit a tipping point.

The planetary boundaries concept has been applied to the German Integrated Environmental Pro-
gramme and the German Sustainable Development Strategy. It can add value to and guide environ-
mental / sustainability policies for the next decade by providing a global, long-term and systemic envi-
ronmental perspective. It is also part of policy-making on the EU-level (see 7t Environmental Action
Programme: Living Well Within the Limits of our Planet), and in other European states (e.g. Switzer-
land, Sweden, Finland, the Netherlands), businesses (see WBCSD strategy 2020; Unilever, Mars, EN-
ECO, etc.), foundations (DBU) and civil society (e.g. WWF). This paper intends to support these ongo-
ing and potential future processes by describing the current status of each planetary boundary (posi-
tion vis-a-vis boundary, data availability, consensus), trends and dynamics associated with each
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boundary (observed current trends, scenarios, teleconnections), risks (biophysical, social, economic
risks; reversibility of and adaptabilities to these risks) as well as criticality (political priority, relevance
of risks, in light of trends and vulnerabilities) and operationalization (potential for downscaling and
policy implications). In a concluding chapter, this paper also highlights interlinkages between bounda-
ries and describes ways forward in science and operationalization of the planetary boundaries con-
cept. It is conceptualized as background paper for the German Environmental ministry and integrates
i) research literature, ii) our own analyses and iii) expert knowledge from interviews.

The main objective of this paper is to clearly describe the state of relevant knowledge for policy- and
decision-making regarding the planetary boundaries as well existing knowledge gaps which should be
considered when issuing political statements on the concept and its implications. To the extent possi-
ble (within the limits of the resources for this paper) and subject to the availability of researchers, sci-
entists were contacted (but no systematic, peer-review process has been undertaken, which would
take place in much larger processes such as the IPCC-synthesis reports or within academic peer re-
view).

For the analysis of trends and dynamics, this paper goes beyond the original objective and explores
trend projections for individual control variables of specific boundaries, taking into account available
time series data and SSP-scenarios and exploring opportunities for pushing the knowledge frontier.
These trend projections can be regarded as complimentary to the original objective; they did not (yet)
receive a scientific peer-review process and thus should not be regarded as finite result or new assess-
ment or replacement of results of Steffen et al. (2015). Starting point and rationale for this analysis
was that there were no scientific results yet available; the results thus represent merely a ‘first at-
tempt’.

The paper is part of a larger project on the operationalization of planetary boundaries, funded by the
German Ministry of the Environment and the German Environment Agency (FKZ 3714 19 100 0). Pre-
vious papers published in this project assess the potential contribution of the planetary boundaries for
the German Integrated Environmental Programme and a German Integrated Nitrogen Strategy, as well
as its conceptual foundations, its potential for environmental communication, its relation to social
boundaries and the different ways to downscale the planetary boundaries and use them for environ-
mental benchmarking (e.g. illustrating the externalization of environmental impacts).

Excursus: Production- vs. consumption-based benchmarking

Important is the distinction between production-based (territorial) and consumption-based bench-
marking of environmental performance against the downscaled planetary boundaries. Production-
based approaches only account for environmental pressures within a country, e.g. Germany’s do-
mestic emissions of CO or reactive nitrogen or domestic water use. Consumption-based approaches
account for the total environmental pressures domestically and abroad, as associated with a coun-
try’s consumption patterns and imports. As downscaling of the planetary boundaries is just begin-
ning, the standard approach used so far in most cases is an equal per-capita allocation of the global
allowance (e.g. total global allowable emissions of CO; or reactive nitrogen or water use) over all 7.5
billion people. There are certainly many other ways to allocate the planetary boundaries and to de-
rive fair shares of the global planetary boundaries value, but in view of the vastly different endow-
ment of countries and regions with natural resources, consumption-based benchmarking seems to
be preferable to production-based (territorial) benchmarking. With that the planetary boundaries
provide a quantitative measure and entry point for the operationalization of environmental fairness
and protection of natural resources.
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1.2.2 Boundaries

1.2.2.1 Climate change

Table 3:

Climate change factsheet

Control variable, quantification,

uncertainty

Dynamic and trends

Risks, reversibility and criticality

Current glo- Boundary trans- Observed Atmospheric CO, | Large scale e.g. extreme events,
bal situation = gressed in late trend concentration in- | risks changes in water
1980s creasing; annual availability, changes
emissions cur- in (agro-)ecosystems
rently not in- (more details in IPCC
creasing 2014a)
Data availa-  Very good Scenarios of  Only a few of the | Reversibil-  CO,can remain in at-
bility future trends RCPs reach net ity, adapta- mosphere for centu-
zero emissions by | bility ries, carbon capture
mid of the cen- potential is limited
tury
Consensus Broadly accepted | Teleconnec-  Drivers (trade) Criticality High
tions and impacts (e.g.
of deforestation)

Source: from authors, PIK/adelphi

Control variable, quantification, uncertainty

The planetary boundary of CO2 level < 350 ppm for safely keeping global warming < 2° (as defined by
Rockstrom et al. 2009) is significantly exceeded globally (currently ca. 400 ppm). For operationaliza-
tion of the climate boundary, allowable emissions are used (COz / COzequiv in ppm) instead of atmos-
pheric concentrations. Most recent updates on the climate boundary (e.g. by Rockstréom et al. 2017)
show that net CO; emissions have to decline to zero by about mid-century.

Germany’s (production-based) per-capita CO, emissions (about 10 tons per capita and year) are about
a factor of 2 higher than the global average (e.g. Le Quéré et al. 2015). Consumption-based emission,
which also include external CO; footprints are even higher. According to Tukker et al. (2014), Germany
has net annual per-capita imports of 2.1 tons COzequiv. Cumulative historic emissions of Germany or
Europe are also much higher than its population share. Europe (with currently about 7% of the global
population) is responsible for 23% of global historic emissions (Peters et al. 2015).

The data availability (time series of atmospheric CO, concentrations) is very good, given the globally
more or less uniform distribution, also national GHG inventories are routinely available. The level of
consensuss regarding the boundary is generally high. After initial UNFCCC agreement (1992) to “avoid
dangerous anthropogenic interference with the climate system”, the Paris Agreement, signed by al-
most all nations recognizes the need to keep global warming well below 2°C. The control variable - at-
mospheric CO; concentration (and derived from that: CO, emissions as a more operational control var-
iable) is broadly accepted, so is the need to reduce net emissions to zero by mid of the century.

5 We understand consensus as “commonly agreed position“ (Hulme 2010) regarding the boundary (e.g. the criticality of the
underlying process and need to set a boundary not to be transgressed, the scientific definition of a control variable and its
position). We highlight disagreement within the scientific community on the specific boundary, as well as agreement.
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Dynamic and trends

The 350 ppm boundary has already been transgressed in the late 1980s and atmospheric carbon diox-
ide concentration is still increasing. The increase in annual CO; emissions (a more operational control
variable than atmospheric concentration) has come to a halt over the past ca. 5 years (Le Quéré et al.
2016) but has begun to increase again in 2017 by about 2% (Global Carbon Project - www.globalcar-
bonproject.org/carbonbudget). In order to meet the Paris Climate Agreement (global temperature in-
crease well below 2 °C), net carbon emissions (including “negative emissions” via bioenergy and car-
bon capture and storage) have to decrease to zero by about mid of the century (Rockstrom et al. 2017).
None of the SSPs (Shared Socioeconomic Pathways) and only a few of the RCPs (Representative Con-
centration Pathways) 8.5, 6.0, 4.5 and 2.6 reach net zero emissions by mid of the century (see Figure
20).

In Germany, production-based (territorial) CO, emissions have decreased over the past couple of dec-
ades. However externalized emissions in other countries as caused by Germany’s consumption and
imports have increased. Increases in Germany’s consumption based CO; emissions in other countries
as related to its imports have over-compensated the decrease in domestic CO, emissions (Wiebe et al.
2012). Note that Lutter et al. (2016) come to a different conclusion, that Germany’s consumption-
based CO; footprint is 10% lower than the production-based footprint. The reason for these different
conclusions may be different methodological approaches. There is a need for more conclusive evi-
dence, through further studies.

There are various ways of downscaling the planetary boundary for climate (or the Paris climate goal)
and determining Germany’s fair share of the remaining total global emissions or emission reduction
requirement. Equal per-capita downscaling allocates the same remaining emission right to every per-
son. Other downscaling principles refer to historic emissions (“debt”) to the need for development, the
capacity and ability to reduce emissions or others. In the case of the climate boundary the sum of all
net emissions needs to reach zero in the second half of the century (e.g. Rockstrom et al. 2017).

Figure 21 below suggests that Germany’s emission reduction ambitions are well aligned with the
global needs, but the current trajectory is not in line with the required global emission reduction path-
way, given the stable rather than declining emission level over the past few years, and hence Germany
risks to exceed its fair share of the climate planetary boundary.

Figure 20: Annual CO; emissions according to the different SSPs
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Figure 21: GHG emissions in Germany in million tons COzequiv
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CO2 and climate have teleconnections in terms of drivers as well as impacts. On the driver’s side,
trade may cause external CO; footprints in distant regions. On the impact side, large scale climate ef-
fects and climate impacts related e.g. to deforestation may link distant regions. Teleconnections may
also play out through climate impacts on supply chains and subsequently compromised supply securi-
ties (indirect climate change impacts). These teleconnections also link the climate planetary boundary
with the water, land, N and other planetary boundaries.

Risks, reversibility and criticality of boundary transgression

There are increased risks from extreme events, changes in water availability, changes in (agro-)eco-
systems and their productivity and services including terrestrial CO; sink function, rising sea level and
impacts on marine ecosystems (also through ocean acidification) (more details in IPCC 2014a).
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Figure 22:

for the different exposure units for any given warming level
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This burning embers diagram depicts the vulnerability of different exposure units to certain pressure

levels (see O’Neill et al. 2017 on the reasons for concern framework which underlies this diagram).
Once such burning embers diagrams are developed for all or at least several planetary boundaries,

they can help to refine the emblematic original planetary boundaries circle diagram (Figure 22 above).

COz can remain in the atmosphere and act as GHG for centuries after emission, mitigation and adapta-
tion responses introduce further delays.

The criticality of this boundary is high in view of its significant transgression, the long persistence of
CO; in the atmosphere, and the increasing certainty about climate change impact, some of which begin

to be felt.

Downscaling and policy implication

The downscaling potential is good (given that this is a truly global boundary). In light of the criticality,
the climate planetary boundary implies the urgent need for i) climate mitigation, e.g. along the lines of
the recent proposal by Rockstrom et al. (2017) and ii) climate adaptation. Implementation should take

place within Paris agreement framework.
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1.2.2.2 Ocean acidification

Table 4: Ocean acidification factsheet

Control variable, quantification, Dynamic and trends Risks, reversibility and criticality
uncertainty

Current Currently bound- | Observed Decreasing arago- | Large scale Decreasing calcifica-
global situa-  ary not trans- trend nite saturation risks tion; negative im-
tion gressed pacts on marine eco-

systems, hatcheries
and food security

Data availa-  Limited Scenarios of = Boundary will be Reversibi-  reversibility only
bility future transgressed un- lity, adap-  over extremely long
trends der all RCPs tability time scales
Consensus Broadly accepted | Teleconnec- effects manifest Criticality High
tions far away from lo-
cations of CO;
emissions

Source: from authors, PIK/adelphi

Control variable, quantification, uncertainty

The planetary boundary is defined as > 80% of pre-industrial aragonite saturation (currently
84%)(Steffen et al. 2015: 1259855-4). The ocean acidification boundary is closely linked to the climate
boundary (increasing atmospheric CO2 concentration causes ocean acidification and associated lower
aragonite saturation, a calcium carbonate formed by marine organisms): staying below 350 ppm at-
mospheric CO; concentration also ensures that ocean acidification remains within the safe operating
space. A long term stabilization of the atmospheric CO2 concentration at 450 or 550 ppm would bring
the aragonite saturation to 74 or 64 % respectively of the pre-industrial value, i.e. significantly below
the planetary boundary of > 80% (Caldeira and Wickett, 2005). So even the most ambitious emission
reduction pathways (e.g. RCP 2.6) will lead to a transgression of the ocean acidification boundary in
the long term (when a new equilibrium between increased atmospheric CO; concentration and ocean
COz concentration (including deep ocean) is reached).

Also, Germany’s contribution to the transgression of the ocean acidification planetary boundary is
closely related to Germany’s contribution to the transgression of the climate planetary boundary or to
Germany'’s (consumption-based) CO; footprint.

The global data availability is limited, due to lack of data on the status, progress, spatial and temporal
distribution, drivers and impacts of ocean acidification. However, several initiatives are currently com-
piling global data on ocean acidification (Global Ocean Acidification Observing Network; Ocean acidifi-
cation International Coordination Centre).

There is low uncertainty and general consensus that ocean acidification is closely linked (with some
delay) to increasing atmospheric CO; concentrations and that it will have severe negative impacts on
marine ecosystems. The planetary boundary and its control variable are broadly accepted within the
planetary boundary community. Disagreement centers on the perceived static nature of the ocean
acidification illustration, as the boundary is marked as green (in the safe zone), while impacts are al-
ready occurring and scenarios highlight that risks are likely to increase under different scenarios (see
below).
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Dynamic and trends

Aragonite saturation has been decreasing globally and continues to decrease with increasing atmos-
pheric CO; concentration. Figure 23 shows time-series data of surface ocean aragonite saturation, dis-
playing also data from GEOSECS and TTO expeditions in the North Atlantic Ocean. Steffen et al. (2015)
suggest that aragonite saturation currently stands at 84%. So the planetary boundary will be crossed
soon, unless drastic reductions in CO; emissions can be realized. Steffen et al. (2015) also point out the
geographical heterogeneity is important. Figure 24 displays the aragonite saturation for one particular
location, the Sargasso Sea in the North Atlantic Ocean close to Bermuda, where the planetary boundary
value has been transgressed locally in 2010. The capacity of CO; uptake of surface waters in the North
Atlantic has been found to be decreasing (Bates et al. 2012).

Figure 23: Time-series of surface ocean aragonite saturation globally
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Figure 24: Aragonite saturation for the Sargasso Sea in the North Atlantic Ocean and ocean acidifi-
cation boundary
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Risks, reversibility and criticality of boundary transgression

Ocean acidification is one of multiple stressors for marine ecosystems; other large scale stressors are
sea-surface temperature rising, sea-level rise, changes in ocean salinity, stratification, ocean circula-
tion, extreme weather events, UV light (UN 2017: 10-12); other local stressors are e.g. eutrophication
and pollution (IPCC 2014a: 67). Ocean acidification is globally occurring; the underlying chemistry is
well understood. Linking ocean acidification to impacts on organisms is difficult because science cur-
rently lacks comprehensive global monitoring coverage and the capacities to consistently link such
data to impacts on organisms.

Currently observed impacts of ocean acidification comprise of i) decreasing rates of coral reef calcifica-
tion (low confidence in IPCC 2014a: 51), ii) corrosion, dissolving of pteropod and foraminiferan shells
(medium confidence in IPCC 2014a: 51), iii) economic impacts on oyster hatcheries in USA (Pacific
Northwest), due to ocean upwelling. There might be other current impacts of which we are unaware of
(due to limited monitoring and data).

Projected impacts for marine species are summarized below in Figure 25. The figure shows that ocean
acidification alone as associated with RCP 4.5 will impact 20 to 50 % of all corals, echinoderms and
molluscs. When taking into account the additional pressure from ocean warming, the same impact will
already be reached under RCP 2.6. The scale of impacts could be global, with local/regional hotspots
(e.g. polar region; regional impacts through upwelling / melting sea ice) (UN 2017: Chapter 5, 19).

Figure 25: Risks for marine species impacted by ocean acidification
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The confidence for socio-economic impacts of ocean acidification is generally lower. Knock-on effects
comprise of loss of ecosystem services (e.g. tourism - coral reefs), economic effects on capture fisher-
ies and hatcheries (effects of ocean acidification through food web) (BIOACID 2018), and effects on
food security, livelihoods and health, especially in regions with high dependence on protein from
oceans (UN 2017: Chapter 2).

Adaptation could comprise of i) relying on “resilient species” and ii) diminishing other ocean stressors
(e.g. N & P pollution; tourism; fishing industries) (IPCC 2014a: 97). Short term adaption is possible for
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hatcheries with technological / financial resources at their disposal (mainly in developed countries);
subsistence fisheries / small-scale fisheries have low adaptive capacities (IPCC 2014a: 97).

Ocean acidification can only be reversed over extremely long time scales (irreversibility on human
time scales). The criticality is potentially high in light of biophysical and socio-economic effects.

Downscaling and policy implication

The potential for downscaling and operationalization of the ocean acidification planetary boundary is
closely linked to that of the climate change planetary boundary, given the close relationship of global
warming, atmospheric CO; concentration and ocean acidification.

Policy implications comprise of i) climate change mitigation, ii) building up global data on ocean acidi-
fication, impacts on marine ecosystems / organisms, socio-economic impacts, iii) monitor ocean acidi-
fication globally, understand multiple stressors and their interlinkages, and iv) adaptation to ocean
acidification to the extent possible.

The potential for implementation (primarily through reducing CO; emissions into the atmosphere) is
good. Relevant mechanisms are the UNFCCC process and the UN SDGs (SDG 14; target 14.3); both
agendas should be aligned.

1.2.2.3 Stratospheric ozone depletion

Table 5: Stratospheric ozone depletion factsheet

Control variable, quanti- Dynamic and trends Risks, reversibility and criticality

fication, uncertainty

Current Below Observed Ozone concentra- | Large scale risks Impacts on health
global si- boundary, trend tion has stabilized (skin cancer), plants,
tuation except Ant- and/or slightly in- biogeochemical cy-

arctica creased again cling
Data Good Scenarios of = Ozone concentra- | Reversibility, Fully reversible;
availability future trends = tion expected to adaptability adaptability de-

increase further pends on speed of
change

Consensus Agreement | Teleconnec- Locations of pro- | Criticality Decreasing

on criticality | tions duction of ozone

of the depleting sub-

boundary stances and of

and the their impacts sep-

need to re- arated by large

verse ozone distance

depletion

Source: from authors, PIK/adelphi

Control variable, quantification, uncertainty

The ozone boundary is defined as < 5% loss of stratospheric ozone concentration relative to the pre-
industrial level (O3 concentration > 275 Dobson Units) - currently met everywhere except Antarctica.
The data availability is good, thanks to a global multi-partner ozone observations network of ozone
under WMO'’s Global Atmosphere Watch. There is strong agreement on the need to reverse strato-
spheric ozone depletion, see consensus reached in Montreal protocol.
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Critique concerns i) the perceived unclear definition of a 5 % reduction (whether the reduction means
5 percent globally or 5 percent for each latitudinal zone respectively), ii) on not mentioning ozone de-
pletion in the Arctic (e.g. in 2011; NASA 2013), iii) the political implication of the proposed boundary,

as it appears to be difficult to act on limits to global concentrations (as opposed to limits on Ozone De-
pleting Substances).

Dynamic and trends

The ozone concentration has stabilized and begins to slightly increase again; there are “signs of recov-
ery of the Antarctic zone” (UNEP 2016). The ozone concentration is expected to further increase in the
future (moving back further into the safe operating space over the coming decades).

Figure 26: Trend in annual minimum ozone concentration, with slight recovery beginning after the
year 2000
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Figure 27: Stratospheric ozone under different representative concentration pathways (blue: RCP
2.6, light blue: RCP 4.5, orange: RCP 6.0, red: RCP 8.5)
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Recovery of the ozone layer from the effects of anthropogenic ozone-depleting substances is estimated
to happen around 2050 in mid latitudes and around 2065 in the Antarctic (WMO, 2014). Recent litera-
ture, taking into account rising emissions of short-lived substances such as dichloromethane which
can reach the stratosphere, suggests that the return of ozone concentrations to 1980s levels may be
delayed until the end of the 21st century (Hossaini et al. 2017). Furthermore, in its 2016 progress re-
port, UNEP’s Environmental Effects Assessment Panel (expert panel informing the Parties to the Mon-
treal Protocol) highlights the interaction between stratospheric ozone and climate change: “As concen-
trations of ozone depleting substances (ODS) decrease over the next decades, greenhouse gases
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(GHGs) will become the dominant driver of changes in stratospheric ozone” (UNEP 2016: 6). Accord-
ing to the progress report, “the direction of change in the tropics depends on the emission scenario”;
“if actual emissions of CO;, CHsand N0 could be aggressively reduced to the RCP2.6 scenario, UVI [ra-
diation] would increase by up to 5% at all latitudes, except in the spring at high latitudes” (UNEP 2016:
6). Similarly, WMO 2014 finds that “changes in CO2, N0, and CH4 will have an increasing relative influ-
ence on the ozone layer as ODSs decline”. This is in line with Figure 27 which also shows that higher
greenhouse gas emissions delay the recovery of stratospheric ozone. Moreover N0 itself has an
ozone depletion potential of 0.017 (chlorofluorocarbons have potentials between about 0.05 and
1.0).

The locations of production of ozone destroying substances and locations of main impacts (“ozone
holes”) are separated by large distances, so there are significant teleconnections.

Risks, reversibility and criticality of boundary transgression

Increased exposure to UV rays can harm humans (e.g. skin cancer) and plants (plant diseases) includ-
ing phytoplankton, with knock on effects on plant competitive balances or biogeochemical cycles, in-
cluding greenhouse gases. Adaptability depends mainly on the speed of change.

The stratospheric ozone planetary boundary is fully reversible, if a ban of 0zone destroying substances
is enforced and if the rise of new ozone depleting compounds such as unsaturated chlorofluorohydro-
carbons can be avoided. Criticality is decreasing in view of current trends.

Downscaling and policy implication

The potential for downscaling or allocation of fair shares, e.g. for countries is generally good (ozone
being a global boundary).

Policy implications comprise broadly of continued i) monitoring of Ozone Depleting Substances as well
asozone concentration, and ii) research on the interaction between climate change and stratospheric
ozone. Potential for implementing these is good, see Montreal Protocol, through a ban of ozone de-
stroying substances, these are well defined and substitutes are generally available, EU has set an envi-
ronmental goal of a stratospheric Cl concentration < 1.3 ppbv.

1.2.2.4 Biosphere integrity

Table 6: Biosphere integrity factsheet
Control variable, quantification, Dynamic and trends Risks, reversibility and criticality
uncertainty
Current global Boundary Observed trend  Biodiversity Large scale Loss of ecosystem
situation transgressed loss could not risks functions, services;
be stopped impacts on health,

economy and loss
of resilience of so-
cial-ecological sys-

tems
Data availabi- = Fragmented Scenarios of fu-  Biodiversity Reversibility ~ Extinct is extinct,
lity ture trends loss not and adapta- = species cannot be
stopped bility replaced; poor

people depend
more strongly on
intact biosphere
and hence adapta-
tion is more critical
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Control variable, quantification, Dynamic and trends Risks, reversibility and criticality
uncertainty
Consensus Boundary de- Teleconnections Externalization | Criticality High

bated of impacts

through supply
chains but also
through cli-
mate change

Source: from authors, PIK/adelphi

Control variable, quantification, uncertainty

The biosphere boundary follows a two-component approach, i.e. i) genetic diversity (extinction rate <
10 extinctions per million species years, currently exceeded by a factor 10-100 globally) and ii) func-
tional diversity / abundance of a diverse set of organisms (biodiversity intactness index > 90% -
global status unknown). Newbold et al. (2016a) estimate that the diversity boundary has been ex-
ceeded on about 60% of the land surface.

Germany’s ecological footprint (as a proxy for pressure on the biosphere) per capita is 4.6 ha (almost 3
times the global biocapacity), while the global average footprint is 1.8 ha. Germany is furthermore a
leading country in terms of exporting biodiversity threats to other regions from which it imports
goods and services (Lenzen et al. 2012). These externalized pressures need to be accounted for when
benchmarking Germany’s performance against its fair share in the global effort to stay within the safe
operating space.

The data availability globally is fragmented; data exists only for selected groups, families of plants or
animals or biomes; the biodiversity intactness index is only available for selected locations a global
coverage is, however, available for species occurring in primary vegetation (Newbold et al. 2016b:
289).

There is an intense debate on a global boundary for biodiversity and the large-scale and systemic risks
associated with biodiversity loss or loss of biosphere intactness; a fully quantified and agreed upon
control variable is not available globally; extinction rate is a “weak indicator” (the effects of species ex-
tinction on ecosystems and the Earth system are not well understood) which doesn’t scale well to
global level (Mace et al. 2014), the biosphere intactness index and its precautionary boundary setting
at 10% reduction from natural level come with high uncertainty. Critique has centered i) on treating
the biosphere as a static entity, similar to physical entities, while the biosphere appears to be very dy-
namic and adaptive; ii) on the impression that the planetary boundaries intend to prescribe the cur-
rent set of species / ecosystems, while other sets of species / ecosystem configurations might also pro-
vide relevant goods and services and might be equally resilient.

Dynamic and trends

Biodiversity loss could not be stopped yet (Secretariat of the CBD 2014; EEA 2015). Figure 28 below
shows a slow decrease in species richness since the year 1500, with a drastic acceleration since the
beginning of the 20t century. Again, different future scenarios show widely varying potential future
trends, some bringing us back into the safe operating space, others not.
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Figure 28: Projected net change in local richness from 1500 to 2095
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There is no overall species extinction rate or (change in) biodiversity intactness index available for
Germany. Trends in abundance as a proxy are indicated in the following figure (aggregated across dif-
ferent bird species in different landscapes and relative to a defined target). Figure 29 indicates that
there has not been any improvement towards Germany’s national target (100%).

Figure 29: Trends in aggregated abundance of different bird species in different landscapes and
relative to the nationally defined target
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Another possible proxy for species extinction rates is the loss of red list species. The fraction of extinct
vertebrate species in Germany has increased from 3% of all red list species in 1998 to 8% in 2009
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(Bundesamt fiir Naturschutz 2009). In comparison to Europe, Germany ranks among the countries
with the highest percent of extinct and endangered species (Binot et al. 1998).

Our initial assessment, based on limited available data suggests that Germany’s internal and external
pressures on biodiversity are not in line with its fair share or contribution to the global efforts for stay-
ing within the safe operating space.

The biosphere boundary is subject to significant teleconnections, supply chains externalize pressure
on biodiversity (and land and water) to other regions.

Risks, reversibility and criticality of boundary transgression

Impacts can be broadly systematized along the boundary’s two-component approach (Steffen et al.
2015).

For the genetic diversity component: Species cannot be replaced (change is irreversible). For the func-
tional diversity component, impacts include loss of ecosystem functions and services and resilience,
both on a larger scale with high magnitude and low reversibility (e.g. dieback in the Amazon and ef-
fects on carbon cycle) and on smaller scales with low magnitude and higher reversibility (e.g. losing
trophic structure, reducing ecological communities to just a couple of trophic levels, increasing vulner-
ability). Technology is likely not able to substitute / re-engineer the very basic supporting services
(e.g. soil formation and water cycling) (Fitter 2013) nor maintain diversity and resilience. There are
significant delays from species going extinct to new equilibrium states of ecosystems and subsequently
to new states of social-ecological systems; also the recognition of a species becoming extinct may only
occur much later than the actual process.

Risks include various knock-on effects in integrated socio-ecological systems, including additional eco-
nomic costs, as economic growth might be held back (time / effort in recovering ecosystems) and im-
mediate consequences for health and human well-being, especially for those that directly depend on
ecosystem services. Adaptability is low for poorer population and those that most directly depend on
ecosystem services.

The criticality is potentially very high, given the severe boundary transgression and continued further
decrease in biodiversity - however the criticality of the extinction of individual species, vulnerabilities
of specific biomes and consequences of boundary transgression are not well understood.

Downscaling and policy implication

Downscaling the biosphere integrity boundary requires contextualization. The criticality of species ex-
tinction or of individual red list species going extinct or the loss of natural or protected areas varies for
different contexts. Also local or national extinctions or trends may not be in line with the global situa-
tion. Hence a simple linear downscaling of global control variables and boundaries is not sufficient for
operationalizing and implementing the planetary boundaries including the biosphere boundary. Num-
bers provided above for Germany, according to Bundesamt fiir Naturschutz (2009; 2014) are merely
an indication for biospheric trends not being in line with the global biosphere boundary.

The biosphere integrity boundary broadly implies to prevent major changes in large scale ecosystems
which perform major functions such as the Tundra, the Amazon rain forest, the deep sea (biome pro-
tection), as well as local changes that could lead to such large scale impacts; also, global species extinc-
tion should not increase further.

Potential implementation mechanisms are the CBD, SDGs 14 and 15, and related SDGs (e.g. SDG 12 on
sustainable consumption).
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1.2.2.5

Table 7:

Land-system change

Land system change factsheet

Control variable, quantifica-

tion, uncertainty

Dynamic and trends

Risks, reversibility and criticality

Current Boundary Observed trend = Total global forest | Large scale Loss of biodiver-
global situa-  transgressed area keeps de- risks sity and ecosys-
tion around 1990 creasing tem services,
change in large-
scale climate and
moisture recy-
cling,
Data availabi- Good Scenarios of fu-  Widely diverging Reversibility, = Deforestation dif-
lity ture trends scenarios adaptability ficult to reverse,
in particular nat-
ural forest are
hard to restore
Consensus Broadly ac- Teleconnections trade related ex- Criticality High
cepted ternalization of
pressures on for-
ests, hydrological
and climatic im-
pacts across large
distances

Source: from authors, PIK/adelphi

Control variable, quantification, uncertainty

The control variable chosen here for land system change is forest cover. The global boundary of > 75
% of original forest cover remaining globally, has been transgressed around the year 1990 - currently
about 68% forest cover remain according to analysis undertaken with PIK’s dynamic global vegetation
model (LPJmL) or 62% according to Steffen et al. (2015).

The global boundary has been regionalized by Steffen et al. (2015) with the following values:

> 85% of original forest cover for tropical forests (currently about 75% are left and the boundary was
transgressed for the first time around the year 1950),

> 85% of original boreal forests (currently about 85%, boundary has been slightly transgressed since
about 1910), and

>50 % for temperate forests (currently 61%, no transgression so far)

Germany currently has about 34% of the original forest cover remaining, as calculated with LPJmL
(30% of Germany’s land area is currently covered with forest and other natural areas; Statistisches
Bundesamt 2015). A consumption-based perspective for land use and forest cover change is im-
portant, because Germany is using about the same amount of agricultural land externally as domesti-
cally, for meeting its consumptive demands for goods and services (UBA 2017a). Domestic reductions
in cropland use are compensated by growing imports of virtual land from other world regions. Be-
tween 1995 and 2010 these imports increased by 25% (UBA 2017a). Tukker et al. (2014) calculate for
Germany about 2 ha of net total virtual land imports per capita, while UBA (2015) calculates net agri-
cultural virtual land imports of 0.16 ha per capita.
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A uniform downscaling of the planetary boundary (not accounting for differences in productivity) sug-
gests that Germany’s internal and external pressures on the land planetary boundary are not in line
with its fair share. However this global boundary like some of the others (e.g. water or biodiversity)
need to be contextualized or integrated with bottom-up sustainability criteria, in order to be made
useful in policy and decision making. For example: most planted forests in Germany do not support
biodiversity (biosphere intactness), which has been one of the reasons for defining a land boundary
based on natural forest cover. Also different land production potentials in different climate zones need
to be taken into account when contextualizing the land planetary boundary.

There is relatively good data, e.g. from the FAO Forest Resources Assessment. But there are differences
between different data sources, see comment on Figure 30 below.

There is strong scientific evidence that land use change, in particular large scale deforestation, can
have significant impact on the Earth system, e.g. in terms of climate change and moisture recycling,
and hence further deforestation must be stopped. The exact level of forest cover that must remain is
less well known.

Dynamic and trends

The total forest area keeps decreasing. While pressure on forests keeps increasing (UNEP 2012) and
deforestation continues in particular in boreal and tropical regions, forest area in Germany is slightly
growing. A consumption-based perspective that includes externalized deforestation is important,
given that the EU is responsible for 10% of total trade-related deforestation globally (Cuypers et al.
2013).

Figure 30: Forest area Germany in km?
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Figure 31 below combines historic trends and future scenarios of global forest cover (% of potential
natural forest cover) according to different socio-economic pathways (SSPs, note that we calculated
for this and all following planetary boundaries the SSP scenarios with an RCP of 2.6, in order to be con-
sistent with SDG 13).
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Figure 31: Historic trends and future scenarios of % global forest cover, relative to the boundary,
for different socio-economic pathways, triangle indicates the current value given by
Steffen et al. (2015)
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Source: historical data based on LPJmL calculations (forest cover as % of potential natural vegetation); land use data
from Hyde 3.2, see Klein Goldewijk 2016; scenario data from IIASA SSP database and Riahi et al. (2017)

While Figure 30 is roughly in line with FAO'’s Global Forest Resource Assessment 2015 (which shows
less than 3% loss in forest cover between 1990 and 2010), Hansen et al. (2013) find a significantly
higher deforestation rate of almost 4% between 2000 and 2012. Our assessment yields slightly higher
current forest cover than Steffen et al. (2015) who suggest a more significant transgression of the
planetary boundary.

There are strong teleconnections in terms of drivers and responses, e.g. trade related externalization
of deforestation (e.g. Henders et al. 2015), and hydrological and climatic impacts in response to defor-
estation (e.g. Keys et al. 2012).

Risks, reversibility and criticality of boundary transgression

Risks comprise of loss of biodiversity and large-scale consequences of land use change / deforestation,
e.g. change in moisture recycling and downwind precipitation with tropical deforestation and change
in albedo and radiative balances with boreal deforestation, but also effects on biodiversity and biogeo-
chemical cycles including terrestrial carbon storage. Knock-on socio-economic effects comprise e.g. of
i) impacts on food production (e.g. through loss of habitats for bees), ii) freshwater supply, iii) deple-
tion of forest resources, iv) climate impacts (e.g. “urban heat islands”), and v) transmission of diseases
(Foley 2005).
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Deforestation itself is difficult to reverse. Return to the original forest takes very long time, impacts
such as biodiversity loss or terrestrial carbon losses are irreversible (on a human time scale).

The criticality of the land boundary is high, given the (slight) transgression of the boundary, the con-
tinued negative trend and the potential severity of impacts.

Downscaling and policy implication

Downscaling and operationalization needs to take into account the local context. For example, in a
densely populated country like Germany it is unrealistic to bring forest cover back to 50%.

Policy implications are broadly i) less land consumption per capita, ii) less land intensive production /
consumption, and iii) more integrated land use planning which accounts for ecosystems and their ser-
vices.

The potential for implementation is high, see e.g. European goal of “no net land take by 2050”, or the
German goal to allow natural development on 5% of the national forest area, but contextualization is
required.

1.2.2.6 Biogeochemical flows, N and P

As all new work presented in this paper, also this section has not yet gone through a peer review pro-
cess. We expanded the original task of the paper, when we found that there has been no previous at-
tempt to quantify and depict trends of planetary boundary transgression. For consistency we have ap-
plied the Socioeconomic Shared Pathways (SSPs), which originate from the climate community, to all
planetary boundaries addressed in this paper. The results are merely a first attempt to provide a dy-
namic view on past and future nitrogen and phosphorous trends relative to their Planetary Bounda-
ries. The results are not meant to replace those by Steffen et al. (2015) or Rockstrom et al. (2009) and
will need to be discussed in a thorough peer review process. Such a process would have to discuss for
example the fact that the current definition of the nitrogen boundary only accounts for intentional ni-
trogen fixation, which does not include the release of reactive nitrogen from combustion processes.
Also we only included in the analysis those nitrogen compounds which are part of the SSPs, namely
NO; (for NOy), NH3 and N0 (we corrected those compounds for their respective N-content (NO:
14/(14+32), NH3: 14/(14+3), N20O: 28/(28+16)). Nitrate, which plays a major role in nitrogen-related
environmental pressures and in the N-boundary definition needs to be added to this first attempt,
which will likely change the results significantly.

Table 8: Biogeochemical flows factsheet

Control variable, quantifica- Dynamic and trends Risks, reversibility and criticality

tion, uncertainty

Current global Boundary Observed trend | Increase ac- Large scale Eutrophication of

situation transgressed cording to risks freshwater bodies
according to Steffen et al. coastal eutrophica-
Steffen et al. (2015) tion and subse-
(2015) qguent anoxic/dead

marine zones,
acidification of soils,
changes in ecosys-
tems
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Control variable, quantifica- Dynamic and trends Risks, reversibility and criticality
tion, uncertainty
Data availabil- Good Scenarios of fu-  Decrease in Reversibility, Reversibility moder-
ity ture trends anthropogenic | adaptability ate if strong
N-fixation* measures are taken;
and global P- adaptability low for
delivery under poorer communities
all SSP scenar-
ios
Consensus Medium to low | Teleconnections Some of the N | Criticality High
compounds
are subject to
long distant
transports

Source: from authors, PIK/adelphi; * note that an inclusion of all anthropogenic production pathways of reactive nitro-
gen (the nitrogen PB currently only covers a certain fraction of that) would possibly result in an increase in future
trends

Control variable, quantification, uncertainty

According to Steffen et al. (2015) the N-boundary < 62 million tons (or Teragrams, Tg) of intended N-
fixation (fertilizer production and use and additional anthropogenic biological N-fixation) globally per
year, is currently transgressed by more than a factor of 2. According to historical data from Beusen et
al. (2016) it has been transgressed around the year 1980 and has been continuously growing since
then. However according to their model based results the boundary is currently transgressed by less
than a factor of 2.

According to Steffen et al. (2015) the P-boundary < 11 Tg P of global inflow into the oceans per year is
currently transgressed by a factor of 2, with an actual value of about 22 Tg. Beusen et al. (2016) find
that the global P-boundary has not been transgressed yet (see Figure 32). Steffen et al. (2015) added a
regional boundary of 6.2 Tg P flow from erodible soils, with a current value of about 14 Tg. Carpenter
etal. (2011) converted the P-boundary into a water quality criterion of < 160 mg m-3 for rivers, and <
24 mg m-3 for freshwater lakes and reservoirs..

Our assessment indicates that Germany exceeds its “fair share”, i.e. the downscaled N-boundary (equal
per-capita or equal per-agricultural-land-area downscaling) by far. A downscaling of the global values
by agricultural area (Germany’s fraction of the global agricultural area) yields a fair share of 0.5 Mt per
year, which compares to an actual value of 2.3 Mt. An equal-per-capita downscaling yields a fair share
of 8.8 kg per capita per year, which compares to an actual value of almost 30 kg (Hoff et al. 2017).
These are production-based (or territorial) values. The additional external N-footprint of Germany’s
consumption seems to be of similar magnitude as the domestic (internal) N-footprint (Eggers 2016),
increasing Germany’s overshoot of its fair share further. As discussed before, there are other possible
approaches for arriving at fair shares of the global safe operating space, per country or per capita.
These have not been tested in literature yet.

Regarding Germany’s “fair share” of P, data by UBA (2017, Daten der Bundesldnder und der
Flussgbietsgemeinschaften - Berichterstattung an die OSPAR-Kommission; Datenstand 2016) indicate
that total inflows of P into the North Sea amount to about 7000 tons per year with about 50 km3 of an-
nual river discharge, which is below the downscaled global P boundary (the global P boundary is 11
Million tons with global annual river discharge into the oceans of about 40.000 km?).
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The global data availability is good, but numbers e.g. extrapolations from measurements and model-
ling results do not agree well.

There is general consensus that impacts of nitrogen release into the environment go beyond local to
national level, e.g. occurring also at regional to continental level (e.g. dead zones in the oceans), gase-
ous nitrogen compounds also have global scale impacts. Consensus for the N-boundary is medium to
low. Disagreement centers on i) whether “fixation” (i.e. production) of reactive nitrogen is the right
control variable, or if excess / release into the environment would be more appropriate, ii) if the cur-
rent calculation of the boundary value may be too strict, in that it doesn’t allow for increases in regions
with low pollution levels (given the need for increasing food production which requires nitrogen ferti-
lization) and iii) the missing contribution of combustion (“non intentional N fixation”) in the current
definition of the N-boundary. Regarding P it is important to note that it contributes to eutrophication
and formation of dead zones in the seas globally, but at the same time it is also a limited non-renewa-
ble resource which is at risk of depletion globally. So there are good reasons for P use and release as a
planetary boundary.

Dynamic and trends

According to Steffen et al (2015), the global N-boundary has been significantly exceeded and intended
N-fixation is further increasing. Our initial application of SSP scenarios show a decrease in future N-
fixation. Note that these scenarios do not include all anthropogenic production pathways of reactive
nitrogen (the nitrogen PB currently only covers a certain fraction of that), so they may underestimate
the future trends. According to Steffen et al. (2015) the P-boundary has also been exceeded, however
the latest results by Beusen et al. (2016) see the boundary not yet exceeded. SSP scenarios project a
decrease in future P-release - see Figure 32 below (see Annex 4.3 for further description of trend pro-
jections and procedure).

Some of the N compounds are mobile in their respective environmental compartments (air, water) and
may be subject to long distant transports so that their impacts may occur far away from their original
release into the environment (teleconnections).

Figure 32: German production- based agricultural N-balance (excess N in kg per ha), 70 kg is the
goal specified in the German Sustainable Development Strategy
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Figure 33: Historic trends and future scenarios of global P-delivery to surface waters, relative to the
boundary, for different socio-economic pathways, triangle indicates the current value
given by Steffen et al. (2015)
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Source of historic data: Beusen et al. (2016), source of scenario data: IIASA SSP database and Riahi et al. (2017)

Risks, reversibility and criticality of boundary transgression

For the N-boundary impacts comprise of eutrophication of freshwater bodies with knock on effects on
the freshwater planetary boundary, coastal eutrophication and subsequent anoxic/dead zones (cur-
rently growing in number and extent, Diaz et al. 2008), plus other impacts at all spatial scales, includ-
ing greenhouse gas potential of gaseous N-compounds, eutrophication and acidification of soils, and
ozone depletion (2.3). Related social and economic effects are the disruption of food webs and fisher-
ies through loss of ecosystem services and biodiversity loss, health impacts (water pollution, air pollu-
tion, ozone, particulate matter).

For the P-boundary, impacts of phosphorus inflow include the eutrophication of freshwaters (lakes,
rivers) and connected effects on ecosystems and the biosphere, soil eutrophication, eutrophication of
coastal waters, and marine anoxia. There is robust evidence for these impacts, especially regionally,
confidence is lower for large scale dead zones. The scale of these impacts is mostly local to regional;
global scale impacts can arise i) when regional impacts are simultaneously occurring at many places
on Earth, ii) through feedbacks in the system (eutrophication accelerating plant growth and CO; up-
take), iii) through teleconnections such as global trade, and supply chains.

Connected social and economic risks are i) impacts for human livelihoods through non potable drink-
ing water, cyanobacteria bloom (toxic for humans / livestock), oxygen depletion and fish kill, ii) eco-
nomic impacts on cities and municipalities through decreasing water quality / water availability and
associated mitigation / adaptation costs (e.g. buying bottled water), iii) impacts on recreational and
commercial fisheries through oxygen depletion and fish kill / ocean dead zones / eutrophication of
freshwater lakes and rivers, iv) impacts on tourism and on property value through cultural eco-system
services loss, v) potential political risks through “peak phosphorus” (phosphorus exploitation getting
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more costly) and political dependencies on - not necessarily reliable - P producing countries (Mo-
rocco, Russia, China). Communities are generally adaptable to impacts of eutrophication; most ex-
posed are poor communities around lakes, rivers, marine estuaries.

Return of soils and waters to previous conditions after eutrophication takes a very long time / reversi-
bility is very low (due to feedback cycles / release of accumulated P from soils uphill or from sedi-
ments), knock-on effects on ecosystems and biodiversity may be irreversible on a human time scale,
especially as it is difficult to decrease N- and P emissions (tied in with agricultural production; mobil-
ity, etc.).

The criticality for N and P are high in view of the severe boundary transgression and still increasing
trends and impacts on other boundaries (climate change, land-system change, biosphere intactness,
freshwater use); criticality especially high for lakes, rivers, estuaries due to importance for people’s
well-being and low reversibility of eutrophication.

Downscaling and policy implication

Carpenter et al. (2011) suggest a downscaled planetary boundary of P-concentration < 160 mg m-3 for
rivers and 24 mg m-3 for lakes. For application, additional contextualization is required, e.g. in terms
of soil conditions and vulnerability, groundwater vulnerability and resilience of terrestrial and aquatic
ecosystems and co-risks. Downscaling and application of the N boundary also requires contextualiza-
tion, e.g. in terms of previous nitrogen loads, denitrification potentials, vulnerability of receiving water
bodies etc.

Policy implications of the N- and P-boundaries are broadly to i) raise awareness for N-and P-problem
ii) monitor N and P emissions (distribution, magnitude, etc.) and impacts, iii) initiate / continue a sci-
ence-policy dialogue on co-development of long-term goals to establish a circular economy and to re-
duce nitrogen and phosphorus emissions (global, regional, national), iv) take into account other rele-
vant policy fields (especially related to food security).

1.2.2.7 Freshwater use

Table 9: Freshwater use factsheet

Control variable, quantification, | Dynamic and trends Risks, reversibility and criticality
uncertainty

Current global = Boundary not Observed Consumptive Large scale Impacts on
situation yet trans- trend freshwater use | risks aquatic ecosys-

gressed is increasing tems, changes
globally in dilution of
pollution,

changing green
water and at-
mospheric
moisture flows

Data availabil-  No globally Scenarios of fu- Freshwater use | Reversibility, Direct effects
ity harmonized ture trends increasing un- | adaptability reversible
data on con- der all SSPs
sumptive use
available
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Control variable, quantification, | Dynamic and trends Risks, reversibility and criticality

uncertainty

Consensus Low: local to Teleconnec- Drivers and im- | Criticality Multiple
regional scale tions pacts of changes in the
boundaries changes often hydrological
seem to be separated, e.g. cycle and wa-
more critical via trade and ter resources
than global atmospheric are critical
boundary moisture throughout the

transport Earth system

Source: from authors, PIK/adelphi
Control variable, quantification, uncertainty

The freshwater planetary boundary: < 4000 km3 of consumptive blue water use is not yet transgressed
(actual value: 2600 km3). Jaramillo et al. (2015) suggest that the boundary may almost be reached,
when also taking into account all reservoir evaporations (which might be as high as 1250 km3). Other
sources find lower values for the current status, e.g. Hanasaki et al. (2013), see Figure 34 below.

Globally harmonized data on consumptive water use across all sectors is not available; data synthesis
needs a patchwork approach drawing upon various, potentially inconsistent sources.

Consensus on the need for and the definition of a global water boundary is low, given that most water
problems are local to regional in scale. However water is very cross-cutting, linking to several other
planetary boundaries, so it fits well with the systemic approach of the planetary boundaries.

Dynamic and trends

Consumptive freshwater use keeps increasing. Figure 34 shows the past trend and scenarios of future
use relative to the boundary, for different socio-economic pathways (SSPs). This figure is based on ag-
ricultural water use simulations from the LPJmL model, while industrial, household and livestock wa-
ter use is derived from Florke et al. (2013) and reservoir evaporation from Shiklomanov et al. (2003).
Scenarios were constructed after Hanasaki et al. (2013).

108




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

Figure 34: Historic trends and future scenarios of global consumptive freshwater (blue water) use,
relative to the boundary, for different socio-economic pathways, triangle indicates the
current value given by Steffen et al. (2015)
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Water withdrawals in Germany have decreased by more than 40% since 1991 to 25 km3 in 2013
(Statistisches Bundesamt 2013a, 2013b)

Figure 35: Water withdrawals in billion m3? in Germany, for public water supply, mining and manu-
facturing industry, production of electricity and agriculture (1991-2013)
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Downscaling of the planetary boundary for freshwater by population (Germany hosting about 1% of
the global population) yields a fair share of about 40 km3 consumptive blue water use (note that con-
sumptive use only makes up a small fraction of water withdrawals and that these theoretical values
are not connected with potential environmental effects.) The actual consumptive blue water use for
Germany according to Mekonnen 2011 is is 6.99 km3. Most of that water use (68.8%) happens outside
of Germany for products that are imported by Germany. That level of externalization of the country’s
blue water footprint is higher than the global average of 21.7% (Mekonnen 2011). Tukker et al. (2014)
calculate much higher net virtual water imports amount of 294 m3 per capita and year. Moreover Ger-
many is a leading country in terms of net virtual water imports from water scarce countries (Lenzen et
al. 2013).

Our assessment indicates that Germany does not exceed its “fair share”, i.e. the downscaled water-
boundary, not even when accounting for its large external water footprint. However Germany does
contribute to local water scarcity in some of the source regions from which it imports goods and ser-
vices.

Water has teleconnections in its liquid form (long distant transport with rivers), its vapor form (long
distant atmospheric transports) and its virtual form (long distance transports with traded goods and
services), hence drivers and impacts of changes are often separated over long distances.

Risks, reversibility and criticality of boundary transgression

Impacts on i) aquatic ecosystems if environmental flow requirements are no longer met, with subse-
quent effects on their services and on social-ecological resilience, ii) changes in dilution of pollution,
water quality and biogeochemical cycles (e.g. P and N) if river flows decrease, and iii) changing green
water flows or atmospheric moisture recycling with regenerate precipitation (Keys et al. 2012) (note
that the control variable only refers to blue water consumption as measure for human interference
with water systems, not yet to green water use).

Direct effects in the hydrological cycle are reversible, knock on effects on ecosystems and biodiversity
less so.

While the criticality of local water problems is increasing in magnitude, intensity and frequency, the
criticality of global-scale changes in the hydrological cycle and water resources (such as severe deple-
tion of groundwater resources and river flows and changes in evaporation in many regions, with
knock-on effects on atmospheric moisture flows and even sea level rise) are not well understood.

Downscaling and policy implication

Relatively easy to downscale (at least at local to regional scale, there are concerns about the interpre-
tation of the downscaled planetary boundary for freshwater); operationalization requires contextual-
ization such as (green and blue) water scarcity, ecosystem properties and vulnerabilities, and co-risks
that potentially aggravate the effects of consumptive water use.

Policy implications comprise e.g. of i) awareness raising for local / regional water quantity and quality
problems, ii) reduction of consumption based externalization (e.g. virtual water) to water scarce re-
gions, iii) interconnectedness of water to many other environmental challenges at all scales.
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1.2.2.8 Atmospheric aerosol loading

Table 10:

Atmospheric aerosol loading factsheet

Control variable, quantification,

uncertainty

Dynamic and trends

Risks, reversibility and criticality

Current global  Boundary ex- Observed trend Spatially and Large scale Global warm-
situation ceeded in temporally risks ing, hydrologi-
south Asia highly variable cal cycle, air
aerosol load- quality (health,
ing; growing in ecosystems)
some world re-
gions
Data availabi- Global dataset | Scenarios of fu- For particulates | Reversibility, Atmospheric
lity available ture trends decreasing un- | adaptability aerosol loading
der different is reversible,
SSP scenarios some of the
impacts on hu-
man health or
ecosystems not
Consensus Medium to low | Teleconnec- Long distant Criticality Potentially high
tions transport in (health effects
higher altitude and climate ef-
fects)

Source: from authors, PIK/adelphi

Control variable, quantification, uncertainty

The aerosol optical thickness < 0,25, is already exceeded in south Asia (about 0.3) (Steffen et al. 2015).

Dynamic and trends

Atmospheric aerosol loading (or optical depth or optical thickness) is spatially and temporally highly
variable. A large number of different datasets are available for different regions, periods and atmos-
pheric pollutants. A global dataset by NASA is available with daily global data on an aerosol index,

which was shown to be linearly related to optical thickness (NASA 2017, Hsu 1999).

Atmospheric aerosol loading is growing in many world regions, except Europe (Mao 2014). Lynch et al
(2016) produced a global aerosol optical thickness (AOT) reanalysis product for the years 2003 - 2013
by fusing satellite and modeling data. Over that period they find an increase in AOT (or aerosol load-
ing) for the Indian Bay of Bengal, Arabian Peninsula and Arabian Sea, Bohai Sea in East Asia and south-
ern Africa. Many other regions including Europe show a decrease in AOT during that period.

Rao et al (2017) developed air pollution scenarios for sulfur and nitrogen oxides and particulates
(black carbon) based on the SSPs. Particulates are closely correlated with AOD. All of their pathways
show a strong global decrease in these pollutants after about 2020-2040, decreasing by up to 50% and
more.

Aerosols may be subject to long distant transport in higher altitude, so their (e.g. climatic, hydrological
and health) impacts may occur distant from their origin (teleconnections).
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Risks, reversibility and criticality of boundary transgression

Aerosol effects in the climate system are complex and subject to intensive research. They have large-
scale impacts on global warming by changing the radiative balance (with an overall reducing effect on
global warming) and on the hydrological cycle, also shifting monsoon patterns, as well as acceleration
of glacier melting, but also more local impacts on air quality (human health and ecosystems). Self-
cleansing capacity of the atmosphere is (potentially) strongly non-linear. A global decrease in aerosols
is expected to lead to an acceleration of global warming. The criticality is potentially high, given the
health and climate effects.

Downscaling and policy implication

Downscaling requires contextualization. Policy implications comprise broadly of reducing air pollu-
tion. The human health effect is probably best represented by the WHO air quality guidelines for par-
ticulate matter (PM25 and PM1o). PM concentrations exceed these WHO air quality guidelines in most
urban regions in Germany.

1.2.2.9 Novel entities

Table 11: Novel entities factsheet

Control variable, quantification, Dynamic and trends Risks, reversibility and criticality

uncertainty

Current global n.a. Observed trend n.a. Large scale risks n.a. (see e.g.

situation ozone
boundary for
illustration)

Data availabil- n.a. Scenarios of fu-  n.a. Reversibility, Some pollu-

ity ture trends adaptability tants and
also plastics
are very per-
sistent,
GMOs once
released can-
not be re-
trieved

Consensus Necessity to in- | Teleconnections Plastics distrib- | Criticality Potentially

clude novel en- uted globally very critical
tities accepted with ocean
currents

Source: from authors, PIK/adelphi
Control variable, quantification, uncertainty

The novel entities boundary does not have a control variable. It serves as a “placeholder” (Persson et
al. 2013) for unknown planetary boundaries, related to chemical pollutants and other novel entities,
including also modified life-forms. These become a global concern when they “exhibit (i) persistence,
(i) mobility across scales with consequent widespread distributions, and (iii) potential impacts on vi-
tal Earth-system processes or subsystems” (Steffen et al. 2015: 7). These conditions for novel entities
that could become planetary boundaries were further specified by Persson et al. (2013: 12620),
namely that they have i) “a disruptive effect on a vital Earth system process” of which we are “cur-
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rently ignorant”, ii) “the disruptive effect is not discovered until it is, or inevitably will become, a prob-
lem at a planetary scale” and iii) that “the effects of the pollutant in the environment cannot be readily
reversed”.

Current scientific deliberation focuses on i) identifying conditions for chemical pollutants or other
novel entities to amount to planetary threats (Persson et al. 2013), ii) formulating scenarios that fulfil
these conditions and generating chemical profiles for these scenarios (MacLeod et al. 2014), iii) formu-
lating classification schemes, and iv) applying these conditions, scenarios, schemes to specific chemi-
cals (Cousins et al. 2016; Jahnke et al. 2017; Reppas-Chrysovitsinos et al. 2017).

Applications of these conditions have focused on weathering plastic in the marine environment
(Jahnke et al. 2017), Arctic contaminants (Reppas-Chrysovitsinos et al. 2017) and perfluoroalkyl acids
in groundwater (Cousins et al. 2016).

The data availability category is not applicable for this boundary, as it is a placeholder for not yet iden-
tified planetary boundaries. In general, data on chemicals comes e.g. from REACH, etc. Consensus is in
general high for this boundary, several researchers have picked up on the novel entities boundary.

Dynamic and trends

It is not possible to illustrate or calculate the dynamics or trends or relative position for unknown
planetary boundaries. Similarly, future trends cannot yet be calculated and teleconnections not be de-
scribed.

Risks, reversibility and criticality of boundary transgression

impacts can only be illustrated when disruptions of Earth system processes are already observed and
these are attributed to chemical pollutants (examples are the climate change and ozone boundary).

We know with high confidence that the impact of some chemicals can be very high (high magnitude).
As the novel entities boundary is a “placeholder” for currently not detected or identified planetary
boundaries, it is however not possible to list impacts for these unknown chemicals posing an unknown
threat.

Health impacts on humans / organisms are very much studied (very robust evidence), but not the pri-
mary focus of the planetary boundaries concept. Furthermore, we know from existing chemical plane-
tary boundary problems that they could have severe social and economic impacts (see e.g. climate
change).

Reversibility depends largely on the type of chemical used. Irreversibility could arise when a) the
chemical is persistent in the environment, i.e. it shows no chemical decay or chemical/biological deg-
radation (already dealt with in current regulation), b) the chemical is so tied to economic processes
that it is not possible to sufficiently reduce emissions (e.g. CO2) c) the effects of chemicals are non-re-
versible (e.g. through system shifts). Similarly, the introduction of (genetically) modified organisms is
largely irreversible.

The adaptability category does not apply to the novel entities boundary in the sense used in the other
parts of this paper (adaptability to impacts). In the context of this boundary, adaptability refers to
whether societies are capable to address unknown planetary boundary threats.

The novel entities boundary is potentially very critical (depending on the scenario), but criticality yet
unknown (can only be illustrated for past processes, “lessons learned”).

Downscaling and policy implication

It is by definition not possible to downscale/ translate this boundary, as it is a placeholder for un-
known boundaries.
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The novel entities boundary has several policy implications. In general, the boundary implies that the
likelihood of planetary boundary threats to arise should be minimized. Hence the Earth system needs
to be monitored for early signs of disruption of vital Earth system processes. It is also crucial to avoid
using chemicals that could lead to these disruptions. Therefore, chemical pollutants should be
screened for potential disruptive effects, using the conditions, scenarios, chemical profiles formulated
above. Furthermore, the boundary motivates policy-makers to implement a new of way of thinking,
focusing on the precautionary principle, productively confronting societal ignorance.

The potential for putting this boundary into practice is medium. On the one hand, there are already
mechanisms in place to screen for environmental effects of chemical pollutants; however, the novel
entities boundary requires a mind shift, to embrace the precautionary principle.

1.2.3 Systems view, synthesis and conclusions, bringing the boundaries together

We compare in this input paper for several boundaries (for those with clearly defined control varia-
bles and available data Germany’s transgression of its fair share of the respective planetary boundary
with the global boundary transgression). Where possible we also compare Germany’s production-
based vs. consumption-based pressure on the planetary boundaries.

Not all boundaries are equal. They vary in their definition, in the level of scientific uncertainty / the
assessment challenge (see Chapter 1.2.2), in their trends and (trends of) transgression and also in the
criticality of (potential) transgression as well as in their policy implications and operationalizability
(downscaling and contextualization).

We attempt here an initial comparison and ranking of the planetary boundaries for some of these
properties, for the benefit of potential users of the planetary boundaries (e.g. in policy making or envi-
ronmental decision making), but also pointing out knowledge gaps for a new science agenda and even-
tually for co-production of relevant knowledge in support of vertical (cross-scale, cross-level and
cross-regional) coherence of sustainability limits, approaches and transitions.

1.2.3.1 Comparison of the different boundaries

Figure 36, Figure 37 and Figure 38 compare the boundaries in terms of consensus, uncertainty, revers-
ibility, and timescale of impacts. Figure 39 impressively demonstrates the long-term perspective
which the planetary boundaries provide, complementing their large-scale and systemic perspective.

Figure 36: Comparison of boundaries in terms of consensus about the need for a planetary bound-
ary
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Source: from authors; PIK
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Figure 37: Comparison of boundaries in terms of uncertainty around the boundary value®
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Figure 38: Comparison of boundaries in terms of the reversibility of boundary transgression and
resulting impacts
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Figure 39: Comparison of boundaries in terms of timescale of impacts from boundary transgres-
sion
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1.2.3.2 Systemic interactions and feedbacks between different boundaries and their role in Earth sys-
tem dynamics

Planetary boundaries and their trends (or trends of boundary transgression) may interact positively
or negatively, eventually affecting Earth system dynamics. Examples include the cooling effect of aero-
sols (and consequently the additional warming caused by reducing aerosol loads), the climate change
mitigation effect of additional nitrogen loads via fertilization and increased biomass production / car-
bon sequestration, or the faster recovery of stratospheric ozone at higher global warming levels. There
are many other examples of such interactions and feedbacks, requiring integrated approaches to stay-
ing within the safe operating space as delineated by several planetary boundaries simultaneously.

1.2.3.3 Key concerns

Key concerns which emerged during the analysis of each boundary were i) the perceived static nature
of the boundary / its illustration as well as potential miscommunication of urgency (e.g. water and

6 Note that also the availability of suitable data, harmonized across all countries and up to global scale varies significantly
among the different boundaries. Available data often do not exactly match the control variable.
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ocean acidification boundaries marked as green while local or long term threats are obvious), ii)a con-
cern with some of the boundary definitions (e.g. N-boundary; biosphere boundary; ozone boundary),
the choice of control variable and position relative to boundary (see diverging values in Steffen et al.
and some of the literature; Annex 5.3 for explanation), iii) the treatment of the biosphere as static, iv)
the pre-dominantly local nature of some boundary-related environmental problems (e.g. water), and
v) the perceived over-simplification of some problems (e.g. aerosol loading) reducing them to one con-
trol variable.

1.2.3.4 Ways forward, making the planetary boundaries work and co-generating the required
knowledge for sustainability transitions

The Planetary Boundaries provide specific environmental information from a large-scale, long-term,
and systemic perspective. With that they add value to policy and decision making. They don’t stand in
isolation. Operationalization should happen through “mainstreaming”, i.e. integration into existing
frameworks, initiatives and activities.

Policy makers (and other actors) and scientists together can identify opportunities for mainstreaming
the planetary boundaries into ongoing activities and for deriving relevant information in support of
environmental protection / sustainable development / sustainability transitions. While doing so, they
also need to be aware about the limitations of the concept, given that it reduces complex environmen-
tal processes to single control variables and boundary values. This reduced complexity and (resulting)
communicative power makes it challenging to apply the planetary boundaries to specific contexts.
These limitations are in part result of its benefits, that is, it is not possible to modify the concept for
these without losing other functions (e.g. the concept’s simplicity).

The concept appears to be helpful for very specific challenges related to i) awareness raising for large
scale, long term and systemic current and potential future environmental problems, their causes, in-
terlinkages and global consequences ii) justification and evidence base for global responsibility and
global engagement (e.g. of consumers, companies or countries), iii) the need to protect global com-
mons, iv) strongly including the precautionary approach in policy-making, and v) justifying a budget
approach and absolute resource targets (vis-a-vis efficiency targets).

However, the concept needs to be translated, downscaled and contextualized (operationalized) in or-
der to add value to ongoing environmental and sustainability activities. For that it needs to be inte-
grated with bottom-up local to regional sustainability criteria in order to contribute to managing real
world environmental problems (not originally intended). Furthermore the static presentation of the
concept so far, needs to be complemented by trends / scenarios / decision points, e.g. when comparing
the current illustration with IPCC illustrations (while this and other papers contribute to this point,
and decision points could be included). These points highlight that opportunities for applying the con-
cept in policy-making need to be carefully and jointly identified by scientists and policy makers, the
concept should not be understood as a catch-all paradigm. This input paper is beginning to address
some of the most relevant current limitations and invites the scientific community and policy and deci-
sion makers to join this effort.
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1.2.4 Annex
1.2.4.1 Glossary

Explanations are direct quotes; explanations without reference were generated by the project team.

Aerosol

Aerosol optical thick-
ness
Allowable emissions

Anoxic / dead zones

Anthropocene

Anthropogenic

Aragonite

Biome
Blue water

Burning embers

Consumption based
emissions

Consumptive water use

Control variable

Coral reef calcification
Criticality

Disruptive effect

Downscaling

A collection of airborne solid or liquid particles, with a typical

size between 0.01 and 10 pm and residing in the atmosphere for at least
several hours (IPCC 2001).

The density of aerosols defined by the depth of dispersal through a certain
airmass (Stotts 2017).

Targets for emissions of greenhouse gases, agreed upon by most UN mem-
ber states in the Paris Agreement (European Commission 2017).

Hypoxic zones are areas in the ocean of such low oxygen concentration
that animal life suffocates and dies, and as a result are sometimes called
"dead zones" (NOAA 2017).

The epoch of current time, where humans are classified as the main driver
of changes in the Earth System (Zalasiewicz et al. 2008).

Resulting from or produced by human beings (IPCC 2001).

A colourless mineral, the stable form of calcium carbonate. It is different
from calcite, the more common form of calcium carbonate, by its greater
hardness. Aragonite is the mineral normally found in pearls and mollusc
shells are formed of aragonite crystals (Marine Spatial Ecology Lab 2017).

A community of plants and animals living together in a particular climate
(NASA Earth Observatory 2017).

A category, like green and grey water, which specifies the form of water,
in this case referirng to ground and durface water (Hoekstra et al. 2011).

Diagram used in the IPCC process to depict climate related risks.

Consumption-based accounting methodologies take as their starting point
the goods and services consumed within a territory, and then reallocate
the emissions from production, wherever in the world that production
may have occurred, to those final goods and services (Croft and Trimmer
2017).

Water use which depletes the respective system of water, in particular
through evaporation (while non-consumptive use returns water to the
system after use).

“the most comprehensive, aggregated, and measurable parameter for indi-
vidual boundaries“ (Rockstrom et al. 2009).

Mechanism of corals, where CO2 is produced for photosynthetic activity. It
is assumed to decrease with higher acidity in the water (Birkeland 1997).

Our assessment of the level of concern associated with a particular bound-
ary and its transgression.

An effect which has the potential to rapidly change the state and stability
of the system.

Translating the planetary boundaries into national-level fair shares

of Earth’s safe operating space (Hayha et al. 2016).

117




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

Earth system / proces-
ses

Echinoderms

Ecological footprint

Eutrophication

Evaporation

Functional diversity

Genetic diversity / phy-
logenetic diversity
Guardrail

Holocene

Molluscs

Negative emissions

Net CO2 emissions

Net imports of virtual
agricultural land

The term “Earth system" refers to Earth’s interacting physical, chemical,
and biological processes. The system consists of the land, oceans, atmos-
phere and poles. It includes the planet's natural cycles — the carbon, wa-
ter, nitrogen, phosphorus, sulphur and other cycles — and deep Earth
processes. Life too is an integral part of the Earth system. Life affects the
carbon, nitrogen, water, oxygen and many other cycles and processes.
The Earth system now includes human society, Our social and economic
systems are now embedded within the Earth system. In many cases, the
human systems are now the main drivers of change in the Earth system
(IGBP 2017).

Echinoderms (scientific name Echinodermata) are a major group of only
marine animals. The name comes from the Greek word for "spiny skin".
There are about 7,000 species found usually on the sea floor in every ma-
rine habitat from the intertidal zone to the ocean depths (MESA 2017a).

A measure of how much area of biologically productive land and water an
individual, population or activity requires to produce all the resources it
consumes and to absorb the waste it generates, using prevailing technol-
ogy and resource management practices (Global Footprint Network
2017).

Eutrophication is a process by which a body of water acquires a high con-
centration of nutrients, especially phosphates and nitrates. It may occur
naturally but can also be the result of human activity (fertiliser run-off,
sewage discharge). These nutrients typically promote excessive growth of
algae. As the algae die and decompose, high levels of organic matter and
the decomposing organisms deplete the water of available oxygen, caus-
ing the death of other organisms, such as fish (Eurostat 2014).

The physical process by which a liquid or solid is transformed to the gase-
ous state; the opposite of condensation (AMS 2012).

The variation in the degree of expression of functions between the differ-
ent individuals of a population, between populations of the same species,
between species, or between ecosystems (Garnier et al. 2016).

The diversity of living organisms established on the basis of the degree of
evolutionary relatedness between them (Garnier et al. 2016).

Thresholds whose transgression would cause inacceptable risks of dan-
gerous interference with the system either today or in the future.

The Holocene is the geological epoch which started approximately 11,700
years ago (Walker et al. 2009).

The Mollusca, or molluscs, is a large phylum (group) of invertebrate ani-
mals (animals without backbones). The name Mollusca means 'soft-bod-
ied' and, although some have developed a tough shell, they are all soft on
the inside. They are one of the largest animal groups with about 200,000
species worldwide which make up about a quarter of all marine animals
(MESA 2017Db).

A situation of net negative emissions is achieved when, as result of human
activities, more greenhouse gases (GHGs) are sequestered or stored than
are released into the atmosphere (IPCC 2014b).

Gross CO2 emissions minus sequestration.
Imports minus exports of virtual land (while virtual land is the amount of

agricultural land required for producing the goods and services imported
or exported).
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Operationalization

ppm

Precautionary principle

Production based emis-
sions

Pteropoda

Foraminifera

RCP scenarios

Regime shifts

Safe Operating Space

Scenarios
Soil Acidification

Species extinction rate
SSP
Supply chain

Teleconnections

Terrestrial CO; sink
function

Tipping points

Putting the planetary boundaries concept into practice (e.g. through trans-
lating and downscaling the global scale concept to sub-global scale).

Parts per million

The precautionary principle aims at preventing dangers (here: to the envi-
ronment) from arising in the first place. The precautionary principle
therefore leads us to act in good time and with foresight in order to avoid
environmental dangers such as pollution or other degradation. The two
dimensions of the precautionary principle are risk prevention and taking
care of resources (adapted from UBA 2017c).

Production-based emissions only account for emissions within a countries
territory (different from consumption-based emissions which account for
all domestic and external emissions related to the countries consumption

of goods and services.

Part of the mollusc phylum

The Foraminifera, ("Hole Bearers") or forams for short, are single-celled
protists with shells which can have either one or multiple chambers, some
becoming quite elaborate in structure. Depending on the species, the shell
may be made of organic compounds, sand grains and other particles ce-
mented together, or crystalline calcite. They are usually less than 1 mm in
size, but some are much larger, and the largest recorded specimen
reached 19 cm (MESA 2017c).

Representative concentration pathways, which were developed for the cli-
mate modeling community as a basis for long-term modeling experiments
and scenarios.

Large, persistent changes in the structure and function (here: of social-
ecological systems) with substantive impacts on the suite of services pro-
vided by these systems, e.g. habitability for humans in the case of the
Earth system.

Scientifically based sustainable development space for societies in which
the risk of uncontrollable and undesirable Earth system changes remains
low.

Sets of potential future development pathways (from performing arts: a
collage of a series of actions and events).

The process of decrease in the soil’s pH making the soil more acid. Often-
times it is brought about by intensified agriculture (Robson 2012).

Number of species turning extinct during a specified period of time.
Shared Socio-Economic Pathways

The sequence of steps and associated resources and institutions, involved
in producing and transporting goods or services to the final customer.

Cross-regional interconnections, wherein actions in one region impact
quite specifically e.g. on the use of resources, pressure on the environment
or more generally the sustainability of other regions.

The capacity of terrestrial ecosystems to take up CO; from the atmos-
phere.

The moment when a system, e.g. the Earth system or a sub-system of the
Earth system rapidly and potentially irreversibly changes its properties,
behavior and functions.
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Virtual water content The virtual-water content of a product is the freshwater ‘embodied’ in the
product, not in real sense, but in virtual sense. It refers to the volume of
water consumed or polluted for producing the product, measured over its
full production chain. If a nation exports/imports such a product, it ex-
ports/imports water in virtual form (Hoekstra et al. 2011).

Water withdrawals The volume of freshwater abstraction from surface or groundwater. Part
of the freshwater withdrawal will evaporate (consumptive use), another
part will return to the catchment where it was withdrawn and yet another
part may return to another catchment or the sea (Hoekstra et al. 2011).

1.2.4.2 Expert interview procedure and interview questions

Nine international experts on the planetary boundaries concept and risks of transgressing these
boundaries were qualitatively interviewed (semi-structured expert interviews). Interviews were con-
ducted via telephone, recorded and documented. Interviews lasted approximately 30 to 45 minutes.
Interviewees were asked to assess the evidence base as well as confidence in their judgment.

Interview questions were:

1. What is your opinion on the planetary boundaries concept, from a science and/or policy
perspective?

2. What impacts on biophysical systems are in your opinion connected with further increas-
ing [respective planetary boundary control] and with the transgression of the [respective
planetary boundary]?

3. Which interlinked social and economic risks are in your opinion connected with these bio-

physical impacts?

4. How reversible are these biophysical, social and economic impacts?
5. How adaptable are human societies to these impacts?
6. How critical are these risks in your opinion, in light of the vulnerability of ecosystems, of

populations and of social-ecological systems?
1.2.4.3 Trend projections, description of procedure

Trends for the different planetary boundaries depicted in the figures above are based on available
time series of control variables or similar variables. In the case of N, P and water, available time series
show significantly lower current values of the respective control variable, in the case of land a signifi-
cantly higher current value compared to that given in Steffen et al. (2015). We do not claim that the
values presented in our figures are closer to reality than the Steffen et al. values but we point out the
need for further analysis of available data in order to better characterize boundary transgression dy-
namics.

For future scenarios we used trends (no absolute data) for water, land and nitrogen from the IIASA
SSP database (see Riahi et al. 2017) and let them start from the last available historical value. For P we
used SSP trends for N. We did not represent the full range of scenario data, but only used the 2.6
marker scenario for each SSP.
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1.3 Environmental policy-making in the Anthropocene
1.3.1 Introduction

“The 'Anthropocene’is a term ... used ... to denote the present time interval, in which
many geologically significant conditions and processes are profoundly altered by human
activities.” (Working Group on the Anthropocene 2016)

The Anthropocene concept increasingly emerges in sustainable development debates. The term has
been first used in an article by researchers Paul Crutzen and Eugene Stoermer (Crutzen and Stoermer
2000). It builds on earlier notions of the “Anthrocene”, the “no6sphere” and the “psychozoic era” (Stef-
fen et al. 2011c: 843-845), all emphasizing the increasingly central role of humans in the Earth system.
In 2009, the International Commission on Stratigraphy? picked up on the notion and established the
Working Group on the Anthropocene which in 2016 recommended to formalize the Anthropocene as a
geological epoch, based on the assertion that it is “stratigraphically real” 8 (Zalasiewicz et al. 2017). As
the concept raises far-reaching questions on humanity’s role on Earth, it has also gained prominence
outside of the natural sciences e.g. in civil society, the arts, literature, philosophy and social science
(Autin 2016). Media outlets have also reported on the concept, especially with regards to the Working
Group’s formal recommendation (for example, The Guardian titled “The Anthropocene epoch: scien-
tists declare dawn of human-influenced age”; Carrington 2016) and helped to push the concept outside
a purely political-scientific debate.

The Anthropocene forms the background for which Rockstrom et al. (2009) and Steffen et al. (2015b)
developed the planetary boundaries concept (see the input paper on planetary boundaries for details
on the concept). As Rockstrom et al. formulated it: “The Anthropocene raises a new question: What are
the non-negotiable planetary preconditions that humanity needs to respect in order to avoid the risk
of deleterious or even catastrophic environmental change at continental to global scales?” (Rockstrom
etal. 2009: 32). However as we will argue in this paper, the Anthropocene concept is not merely a geo-
logical (or natural scientific) notion. In fact there are many more interpretations visible in the dis-
course. We describe three such interpretations which set humans in three different contexts (humans
as preservationists, as gardeners and as Earth-engineers). The overarching thesis is that policy-makers
can benefit from being aware of the existence of a variety of interpretations of the concept (its ‘open-
ness’) and the implications these interpretations have for environmental policy-making (risks and op-
portunities)®.

The paper’s objectivel? is thus a political- and social-scientific analysis of the Anthropocene concept.
The paper details very briefly the ideational and material changes in the human-nature relationship

7 «The International Commission on Stratigraphy is the largest and oldest constituent scientific body in the International Un-
ion of Geological Sciences (IUGS). Its primary objective is to precisely define global units (systems, series, and stages) of the
International Chronostratigraphic Chart that, in turn, are the basis for the units (periods, epochs, and age) of the Interna-
tional Geologic Time Scale; thus setting global standards for the fundamental scale for expressing the history of the Earth.»
(International Commission on Stratigraphy 2017).

8 Stratigraphy is the «geology that deals with the origin, composition, distribution, and succession of strata» (Merriam Web-
ster 2017a), a stratum is « a sheetlike mass of sedimentary rock or earth of one kind lying between beds of other kinds »
(Merriam Webster 2017b).

9 In this paper, we understand the term «environmental policy-making» as overarching, comprising of environmental politics,
policy and polity. When referring to different subtopics of policy-making (such as policies or the process of drafting policies)
we name them accordingly.

10 The research project “Planetary Boundaries - Challenges for Science, Civil Society and Policy” analyses the operationaliza-
tion and political implementation of the planetary boundaries in the German context. Previous papers assessed the poten-
tial contribution of the planetary boundaries for the German Integrated Environmental Programme and the German Inte-
grated Nitrogen Strategy, as well as its conceptual foundations, its potential for environmental communication, relation to
social Boundaries and ways to downscale the planetary boundaries and use them for environmental benchmarking (e.g.
illustrating the externalization of environmental impacts).
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from pre-industrial times to the Anthropocene (1.3.2). It describes the three central Anthropocene in-
terpretations (1.3.3) and analyzes implications for the self-conception, political instruments, institu-
tional set-up (polity) and international cooperation (1.3.4).11

1.3.2 Charting the human-nature relationship from pre-industrial times to the Anthropocene

“It seems appropriate to assign the term ‘Anthropocene’ to the present, in many ways
human-dominated, geological epoch, supplementing the Holocene — the warm period
of the past 10-12 millennia.” (Crutzen 2002: 23)

In one of the most cited definitions the Anthropocene is designated as an epoch in which humanity “ri-
val[s] the great forces of Nature” (Steffen et al. 2007: 614) as seen for example in the altered nitrogen
cycle, elevated CO; emissions which display “a level not seen for at least 800,000 years” (Lewis and
Maslin 2015: 172) and the greatly increased acidity of oceans. Humans now influence ecosystems and
the terrestrial biosphere to a very large degree (Ellis 2011). The character of the Anthropocene con-
trasts with humanity’s pre-industrial global footprint leading to across-the-board challenges for both
people and planet.

At the same time, how humans perceive nature has also radically changed from ancient Greek down to
the present day. The most drastic change was arguably Darwin’s theory of evolution and the end of
earlier conceptions of nature’s inherent order and progress within nature (teleology).12 To grasp these
far reaching changes in the human-nature relationship, in this chapter we briefly detail major material
and ideational developments of the past. The focus is mainly on the European context from pre-mod-
ern Europe (i.e. Antiquity and Christianity before the Renaissance) to the Scientific Revolution.

1.3.2.1 Human-nature relationship over time: pre-modern Europe and the rise of the scientific revolu-
tion

Prior to industrialization, human impact on nature was comparably small (Steffen et al. 2007).13 Hu-
mans did however modify their environment: they hunted, modified landscapes, e.g. through fire and
land clearing (Bowmanet al. 2009); they domesticated animals and plants (agriculture) and grew rice
(Lewis and Maslin 2015; Steffen et al. 2007). Humans also possibly caused the Pleistocene megafauna
extinction!4 and contributed to the invasion of species (Ellis et al. 2013). Possibly 1000 B.C. did land-
use changes become widespread (Ellis et al. 2013; Ellis 2011). But overall, humanity lacked the orga-
nized capacity and technology to change natural processes on the scale observable today.

This comparably small impact increased dramatically with the onset of industrialization, especially in
the period after the Second World War (Steffen et al. 2007 set the period from 1800 to 1945): the use
of fossil fuels (coal, oil, gas) grew significantly, the Haber-Bosch process raised crop yields and human
population numbers ascended together with economic activity. Deforestation and land conversion in-
creased; hydrological, biogeochemical and carbon cycles were increasingly transformed (Steffen et al.
2007). From 1945 on, the magnitude and rate of global changes accelerated - including changes in the

11 The input paper does not focus on the history of the Anthropocene concept (compare e.g. Steffen et al. 2011c for this), on
purely communicative aspects of the Anthropocene (such as its potential for environmental communication) or (natural)
scientific questions (e.g. the stratigraphic question of the onset of the Anthropocene), while all three points are still reflected
upon in the paper.

12 Teleological understandings see an inherent goal within nature (latin: telos) such as e.g. to strive for perfection.

13 See however Ellis et al. (2013) who argue that “land use has been extensive and sustained for millennia in some regions”.

14 Megafauna are animals heavier than 44 kg (Barnosky et al. 2004). According to Barnosky «fifty thousand years ago, conti-
nents were populated with more than 150 genera of megafauna [...]. By 10,000 years ago, at least 97 of those genera were
gone» (Barnosky et al. 2004). In biological taxonomy, genera is one level above species in the hierarchy of biological classifi-
cations.
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population, economy, petroleum use and degree of urbanization - leading to major global environmen-
tal impacts, such as a changing climate and the global loss of biodiversity.

Over time, understandings of nature and the human-nature relationships also changed.!> The birth of
the concept of nature was the idea to condense diverse phenomena such as plants, animals, rock and
water into one term, describing both the physical world around us, as well as its internal makeup, the
hidden power or order behind it. In pre-modern Europe, within ancient Greece, Homer was among the
first to use the concept physis?é in the Odyssey, designating the external characteristics of plants
(Arias-Maldonado 2015).17 Hesiod conceived of nature and natural forces as personified gods, acting
on Earth (mythological understanding). In the same vein, the Roman poet Ovid identified the changing
nature (e.g. the seasons) with the changing influence of gods (in his work Metamorphoses). Pre-so-
cratic philosophers moved beyond single phenomena and their character and understood nature as an
all-encompassing order with a specific (moral) purpose (a telos = goal), a specific design suitable for
human needs (logos).

Another notable perspective is the ancient conception of nature as organic and valuable, identifying
Earth as the 'nurturing mother’. This image can be traced back to the ancient Greek goddess Gaia (or
her Roman equivalent Tellus) and to similar conceptions of the Earth goddess in other cultures such as
in Northern Europe, and South- and East Asia (Verhagen 2008). Viewing nature as a mother, as nurtur-
ing, largely benevolent entity and of personal value, shaped the human interaction with nature. As the
philosopher and historian Merchant writes (Merchant 1992, 2010):

“The image of the Earth as a living organism and nurturing mother had served as a cultural
constraint restricting the actions of human beings. One does not readily slay a mother, dig
into her entrails for gold, or mutilate her body” (2010: 296).

“As long as the Earth was conceptualized as alive and sensitive it could be considered a
breach of human ethical behaviour to carry out destructive acts against it” (1992: 60).

The rise of Christianity replaced the 'autonomy’ of nature with a more passive role as part of God’s cre-
ation. The Christian God is “transcendent ... he has created nature, but He is not nature” as compared
to the pagan personification of the Earth (Aria-Maldonado 2015: 22). Nature was thus desacral-
ized(Arias-Maldonado 2015: 22). Apart from this desacralization there is however no definite inter-
pretation of nature in the Christian faith. The Bible gives rise to different understandings (both instru-
mental and non-instrumental) (Arias-Maldonado 2015). Medieval Christians for example stressed that
humanity should act as a steward for God’s creation, for instance based on the statement that “The
land shall not be sold in perpetuity; for the land is mine, and you are but aliens who have become my
tenants.” (Bible: Leviticus Chapter 25: 23; translation according to the New American Bible 2002) -
there is then no true property of the land, humans only lease the land and should treat it accordingly.
According to this view, God was seen as the source of all values that guide and control life on Earth.
This notion implies a culture of acknowledging and appreciating nature’s life-supporting yields and
God’s 'ownership’ of all his creation (Tanner 2004). It also generates the purposefulness of nature -
created by God for human utilization. Leading to similar ethical conclusions, religious persons (e.g.
Francis of Asisi) saw an intricate relationship between humans and nature (mysticism) and acknowl-
edged that nature has intrinsic value.

On the other hand, Christian faith also allows for a much more instrumental view of nature:

15 The following description draws mainly on Maldonado (2015).

16 The term physis has different translations, depending on the context and use by different ancient Greek authors, among
them the «the origi » or «original power», «the form or constitution of a person or thing as the result of growth», «the regu-
lar order», «the substance» or as a more specific term «creature», e.g. species or plants Liddell and Scott 1940.

17 There is however only one instance of the term physis in the Odyssey (compare Liddell and Scott 1940).
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“[...] God had created light and darkness, the heavenly bodies, the Earth and all its plants,
animals, birds, and fishes. [...] God had also created Adam, and, as an afterthought, Eve to
keep man from being lonely. Man named all the animals, thus establishing his dominance
over them. God planned all of this explicitly for man’s benefit and rule: no item in the phys-
ical creation had any purpose save to serve man’s purposes” (White 1967: 1205).

In this view, Christian belief is anthropocentric, legitimizing human dominance over nature. Humans
are the masters of nature because it is God’s command to do so (White 1967). Contrary to animism
where plants and animals are thought to have spirits this perspective allowed for “indifference” to-
wards nature (White 1967: 1205).

Yet another view saw nature as wild and uncontrollable, causing violence, storms, famine and destruc-
tion. It was an authoritative superpower which pushed humans to rebel against it for protection and
survival (Crutzen and Schwagerl 2011), or, from a religious viewpoint, as a cataclysmic force inflicted
by God’s wrath (Furedi 2007).

With the beginning of the Scientific Revolution in the sixteenth century, a new perspective emerged.
The Scientific Revolution led to a sharp increase in investigating the physical nature, its 'laws’ and sci-
entific discoveries - from the telescope to the discovery of cells - turned the prevailing relationship
upside down. Human rationality, empiricism and experiments became the central element for a newly
perceived role of science and with every discovery new forms of power and control over nature were
created. For example, Francis Bacon claimed that humans are the interpreters of nature, and that with
the right knowledge of nature and the right tools, humans can govern nature. At this point, nature
started to be perceived as incomplete, animals were conceived of as of machines, lacking life and soul
(compare Descartes notion of a “béte machine” - literally “animal machine”) (Allen 2016); humans
were ranked above nature and nature separated from humans (dualism). At the advent of the Enlight-
enment this view became reinforced. Nature’s laws were to be discovered through careful observation
and study. As Hegel (belonging to the German idealism) foresaw, ,the intellect will cognize what is in-
tuited as a mere thing, reducing the sacred grove to mere timber” (Hegel 1977: 57).

In part a counter-reaction to the scientific rationalization of nature and to industrialization and the al-
ienation experienced in the new cities and proletarian slums, Romanticism sought to emphasize the
importance and aesthetic value of nature and that a close connection with it was mentally and morally
healthy. Romanticism demanded that nature should not be rationalized and instrumentalized and that
it was a creative force with aesthetic value (Casey 2008). The notion of the sublime influenced power-
ful images such as wilderness, becoming an almost sacred place to be preserved from human influence
and civilization (Cronon 1996).

Around the same time, Darwin’s theory of evolution exposed a nature characterized by an innovative,
reproductive force and embedded humans within it, hence restoring some of its autonomy (holism).
His theory demystified human-nature relationships (Janich 2010): nature was not mechanic or hierar-
chic with humans as ‘rulers’; there was no internal purpose or telos within nature; there was no pro-
gress within nature, simply natural selection and mutation. Humans ceased to have a specific origin
story, separating them from other species (Lewis and Maslin 2015).

With the Industrial Revolution forging ahead, nature became increasingly presented as raw materials
ready for exploitation. The human-nature relationship was characterized by new confidence, from
taming nature to dominating it. This gradually sparked a sense of superiority over nature. The new
perception was now one of an inert and passive nature, not only open to discovery, but exploitation
and dominion by “man”. This also rendered nature separate from “man” and hence as increasingly in-
strumental for human purposes. This patriarchal view has dominated capitalist society since.

The brief overview illustrates that there were different and partially opposing understandings of na-
ture. These understandings can be grouped in dichotomies:
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» Instrumental vs. intrinsic value of nature: nature as resource for other purposes (an instru-
ment; e.g. forest clear-cut) vs. inherent value of nature implying respect towards nature (na-
ture e.g. as having aesthetic or spiritual value);

» Dualism vs. holism: nature and humans ontologically8 separated (humans are structurally
separate from nature, e.g. through rationality) vs. humans intricate part of nature (e.g. humans
as animals and part of the process of evolution);

» Animism vs. materialism: non-human living entities have spirits (or lakes, rivers etc. represent
gods) vs. nature consists solely of matter.

Some of these dichotomies echo (at least in part) in the concept of the Anthropocene (and thus in the
Planetary Boundaries concept), continuing long-held assumptions on nature. Among them are:

» the notion of stewardship of nature (present in the Christian tradition);

» the notion of rationality and empirical scientific research as foundation for progress (present
in the Scientific Revolutions focus on natural laws);

» theidea of an organic nature and nature as holism (partially present in the concept of an all-
encompassing, interconnected Earth-System and coupled socio-ecological systems);

» in part the ideas of nature as material or nature as instrument for human interests (Planetary
Boundaries as boundaries for human progress within the safe operating space);

» the materialist tendency (Planetary Boundaries focus on material changes in the subsystems of
the Earth System);

» the hierarchy of humans within nature: present in the conceptualization of the concept as An-
thropocene, signifying human dominance.

Other conceptions such as the metaphysical interpretation (gods acting in nature), dualism, animism,
intrinsic value of nature appear to be less present in the Anthropocene discourse.

1.3.2.2 Human-nature relationship in the Anthropocene

The particular understanding of nature that was formed during the Scientific Revolution still influ-
ences our current relationship with the natural world. However, many scientists and activists claim
that we have entered a new phase in this relationship (e.g. Crutzen and Schwagerl 2011). Their analy-
sis is supported by the global environmental change and the changing social metabolism: In the twen-
tieth century, the “Great Acceleration” of socio-economic and Earth system trends such as population
growth and carbon dioxide concentrations show the fast and far-reaching advancement of our powers.
While humanity seeks constant progress and improvement of knowledge and abilities, we are simulta-
neously influencing nature (Crutzen and Schwégerl 2011). From this perspective, humanity has now
become a global geophysical force; for some it is evident that we in fact might become the “dominant
force for change on Earth” (Crutzen and Schwagerl 2011).

As Crutzen and Schwaégerl put it: a “long-held religious and philosophical idea- humans as masters of
the Earth - has turned into a stark reality” (Crutzen and Schwagerl 2011). We already moved from
managing parts of nature to influencing the planet on a systemic level with the effects of human ac-
tions possibly detectable “in the geological stratigraphic record for millions of years” (Zalasiewicz et al.
2008). Moreover, humanity’s consumption and degradation of the environment led to a situation in
which over eighty percent of the world’s population live in countries that are “biocapacity debtors”,
that is, the use of resources is higher than their country’s resource stock; consequently, resources

18 Put simply ontology is «the study of what there is» (Hofweber 2014).
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must be imported and/or the global commons of atmosphere and ocean are utilized (Global Footprint
Network 2011).

Following this line of thought, in the Anthropocene, god is removed and humanity claims godlike
power. In this perception, nature is “disenchanted” in the Weberian sense, meaning that the scientific
understanding is more respected than belief. With every new method of exerting influence over na-
ture, nature becomes increasingly passive. Today, it is often even invisible and merely holds value for
our benefits. Earth’s terrestrial landscapes are characterized by heavy human use. Voices proclaiming
the end of nature are growing louder, not least because of the extent of human colonization of the nat-
ural world, rendering it dependent from humans (contradicting a widespread understanding of nature
as independent force; compare e.g. Purdy England). Where wilderness persists, it is often because of
unprofitable exploitation circumstances. Our current perspectives disconnect the biosphere from hu-
man progress and economic growth so that the life-supporting character of the environment becomes
increasingly external to society. Common indicators of progress such as GDP neglect deteriorations of
the environment which are in fact so closely linked to human wellbeing and rather, the environment is
often perceived as a sector in policy-making (Chapin et al. 2011).

From this angle, the concept of the Anthropocene claims human interference with the planet is so ex-
treme and intense that we are creating new natures, breaking down the age-old distinction between
nature and humans (as dichotomies). It is sometimes argued that “we no longer disturb natural eco-
systems, but that we instead live in ‘human systems with natural ecosystems embedded within them™
(Ellis and Ramankutty 2008: 445). Similarly, it is argued that we no longer speak of ‘asocial’ nature,
but live in a thoroughly syncretic world, an 'Usworld’, an era where ‘nature is us’ and where the Carte-
sian dualism between nature and society evolves into deep intertwinement (Lorimer 2012; Leinfelder
2011; Crutzen and Schwagerl 2011; Zalasiewicz et al. 2010). While for millennia humanity has fought
against nature, in the era of the Anthropocene nature appears to have almost no remaining autonomy
or agency since it is we who decide what nature is and what it will be - it is dependent on our manage-
ment and goodwill (Baskin 2015; Crutzen and Schwagerl, 2011).

Interestingly, a substantial part of the scientific and academic discourse - while stating that humanity
and nature have become undistinguishable - still presents nature as an object external to humanity
with natural boundaries that can be controlled (Lovbrand et al. 2015). Our current socio-natural rela-
tions are hence characterized by a dichotomy: “humanity is both inserted into nature and re-elevated
above it” (Lovbrand et al. 2015: 213). While we are creating new natures and “nature is us”, we have
never been more mentally disconnected from it.

The outlook that the Anthropocene is a volatile and potentially risky age therefore renders a funda-
mental shift in perspectives and worldviews inevitable. As we show in the following chapter, the impli-
cations of these shifts are open for discussion, influenced by the understandings of nature we follow
(outlined in this chapter) and the role we ascribe to humans.

1.3.3 The Anthropocene: exploring different interpretations

The Anthropocene marks a new phase of socio-natural relationships. But the concept is not clear-cut
and self-explanatory. The following chapter details three interpretations of the Anthropocene which
have been distilled from current academic and societal debates (see (Autin 2016; Steffen et al. 2007).
These interpretations are not exhaustive but represent central themes in the debate. For each of these
interpretations, this paper analyses the specific understanding of ‘Anthropocene’ and ‘nature’ / human
interaction with nature, the goals that are implied within the interpretation and the means by which
these goals are to be achieved. The focus in this chapter lies on the individual as well as the societal
level. A latter chapter analyses the implications for environmental policy-making. The chapter does
not intend to critique the respective understandings of the Anthropocene but to reconstruct their cen-
tral tenets and lines of argumentation.
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1.3.3.1 The Anthropocene — Open for interpretation

The Anthropocene is an ambivalent and ambiguous concept. It is a concept in need of interpretation.
First, while often understood as a geological epoch (see Crutzen and Stoermer 2000; Steffen et al.
2007; Chapter 1.3.1 and 1.3.2 in this paper) the concept is not merely a geological notion. It also has
political, moral, cultural and metaphysical connotations.

This is visible in the process of defining the Anthropocene. The initial move for proposing a new geo-
logical epoch did not come from within Stratigraphy but from outside, in part as a political move. So-
cial advocacy pushed for a confirmation of the existence of the Anthropocene by the International
Commission on Stratigraphy (Nature 2011; Finney and Edwards 2016). The underlying hope was that
a formal confirmation of the Anthropocene would lead to recognition of the global and accelerating
human footprint (Finney and Edwards 2016). The potential argumentative power of this recognition is
e.g. visible in relation to climate change: the Anthropocene undermines views of climate sceptics that
humans have no impact on the climate - its core metaphor (‘human-dominated, geological epoch’)
contradicts these claims. Furthermore, the term also implies a (metaphysical) statement on human
power and importance (Hettinger 2014). The Anthropocene thereby becomes a moral concept - as-
signing human control over natural processes implies responsibility for these processes (Ellis and
Trachtenberg 2014).

Second, and partially as a result, there is thus far no precise scientific definition of the Anthropocene.
There are debates on the onset of the Anthropocene and the boundary between the Anthropocene and
Holocene?? (see e.g. Finney and Edwards 2016). Several authors identified evidence for the new epoch
(see Zalasiewicz et al. 2016; Lewis and Maslin 2015), but there is no uniform definition. This leaves the
concept open for debate by the different scientific disciplines, politics and even pop-culture (see Autin
and Holbrook 2012) and makes it a contested concept, useful for legitimizing different political agen-
das. It also means that different morals can be inserted into the concept (Autin 2016).

Third, the concept itself does not entail suggestions for future action. In its initial conception in
Crutzen et al. (2000: 41), the term is meant as an acknowledgment of the “central role of mankind in
geology and ecology” (such as population growth, cattle growth, urbanization, use of fossil fuels, re-
lease of SO2, industrial nitrogen fixation, etc.). It is the description of a particular state of human-envi-
ronment interaction (e.g. deposits in the sediments; humanity rivaling nature) and possible future
changes (acceleration; feedbacks). This implies a moral responsibility to react to this new epoch, but it
is not clear from the concept itself what this responsibility entails, e.g. who is responsible for mitiga-
tion, with what measures and goals. This is for example visible in the discussion on the onset of the An-
thropocene — when it is set to a fairly recent event (e.g. the first test of nuclear weapons), a larger re-
sponsibility for environmental degradation and protection lies with industrialized countries of the
West. In contrast, by choosing a less recent onset e.g. the establishment of agriculture as human prac-
tice, the Anthropocene loses some of its urgency and the responsibility for environmental impacts has
to be recalculated (Lewis and Maslin 2015).

As aresult of this conceptual openness, there are many different interpretations of the Anthropocene
as summarized in the table below.

19 The Holocene is the geological epoch which started approximately 11,700 years ago (Walker et al. 2009).
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Table 12: Anthropocene Interpretations

Anthropocene Interpretations: the Anthropocene is...

Science ... a new geological epoch?

.. an ecological catastrophe?

.. human imprint on the Earth System?

.. an assault on archaeologists?

... the end of uniformitarianism?

... the obsolescence of geology textbooks?

Philosophy ... an expression of Modernity?

.. evolutionary nostalgia?

.. an attack on the Earth System?
... the dystopian end of humanity?
.. a revelation about humanity?

.. an environmental meme?

Politics ... an assault on human rights?

.. a call for Feminism?

.. an outgrowth of Capitalism?

.. a global political phenomenon?

.. decoupling of human welfare from environmental impacts?
.. a political project?

Arts ... between apocalypse and nostalgia?

... volatile, apocalyptic beast?

.. belonging to the invertebrate world?

.. an ethical and biological imperative?

.. excess in consumerism?

.. intimately disconnected and unhappy?

Source: directly quoted from Autin 2016

For environmental policy-making, the existence of multiple interpretations has important implica-
tions. Environmental political actors need to be aware of this multitude and the ambiguity of the con-
cept. Relying on a particular interpretation of the Anthropocene might induce unintended conse-
quences (such as re-affirming a business as usual scenario with regards to global human impacts) and
might exclude other Anthropocene interpretations (Lovbrand et al. 2015). Interpretations of the An-
thropocene also impact the operationalization of planetary boundaries as they influence whether and
how planetary boundaries are to be respected. Political actors can make use of the conceptual ambigu-
ities and form a particular understanding of the Anthropocene, e.g. a notion closer to scientific debates
(geological epoch) or to cultural debates, depending on whether this notion serves environmental poli-
cies. The base for this decision lies in understanding current overarching interpretations.

In this chapter we attempt such a condensation, building on Steffen et al. (2007: 619) who proposed
and briefly described three different “philosophical approaches” with regards to how to react to the
Anthropocene: a business-as-usual approach (the continuation of the status quo e.g. upholding the
present economic system), a mitigation approach (e.g. “improved technology and management [...],
careful use and restoration of the environment”) and a geo-engineering approach (considering “more
drastic options”).

We propose two changes to Steffen’s threefold distinction: First, this analysis goes beyond Steffen’s
distinction in analyzing in more detail the conceptual foundations of the Anthropocene understanding,

128




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

discerning how the Anthropocene is construed, what nature is in a particular interpretation and which
goals this interpretation implies (Steffen focuses mainly on the policy side). Second, we reconstruct the
three named interpretations. We propose to rename the second interpretation (mitigation) to 'gar-
dener of the Earth’ to create a more metaphorical image. We also suggest widening the geo-engineer-
ing approach to an Earth engineering interpretation to highlight the fact that it is not unconceivable to
develop large-scale technological fixes for other processes than climate change. We refrain from in-
cluding a business-as-usual scenario as from an environmental policy perspective it does not repre-
sent a viable pathway (in contrast to other measures grouped within the three distinctions). Instead,
we suggest to include a ‘preservationist’ interpretation of the Anthropocene, to group discussions such
as restoration, wilderness, reconnecting to the biosphere and eco-sufficiency.

1.3.3.2 Three Anthropocene interpretations

Humans as Preservationists

“Implicit in the call by Steffen et al. (2011) — that humanity’s management of the planet
should aim to return it to the Holocene — is a sense that the Anthropocene gives us cause
to step back.” (Baskin 2015: 6)

What ‘is’ the Anthropocene?

In this interpretation, the Anthropocene is perceived as a predicament that must be corrected. In the
Anthropocene humanity is causing global systemic problems, from climate change to biodiversity loss.
Our actions are already forcing natural cycles out of their hitherto normal paths, triggering the planet
out of the stable Holocene state. Leaving the beneficial conditions of the Holocene and transgressing
the planetary boundaries will likely entail catastrophic consequences. Human influence has to be cut
back to allow nature to flow freely.

Even more importantly, the new epoch signals how our actions and views have become so abnormal

and radical that we have lost connection to the natural world and to its intrinsic value. This develop-

ment appears troublesome for both humanity as well as the planet. The biosphere as such is self-sus-
taining but currently suffers from the often violent and inconsiderate human influence while humans
likewise undermine their future well-being by destroying the natural capital.

What is nature and how do humans interact with it?

In this interpretation nature is understood holistically; humans are an intricate part of natural cycles.
Nature has intrinsic value; it is not object but subject of human-nature interactions. Nature is more
than just matter, it is indeed animated. As a subject, we need to treat nature with respect. We are not
masters of nature; we leave traces in the environment, but these are but grains of sand in a long his-
tory of nature. As humans we have an emotional relationship with nature that is often masked by our
current way of living. When we think of nature, we have images of wilderness in the back of our minds.
Nature does not consist of gods as in ancient conceptions, it does not have an inherent purpose, but
from observation we learn that large scale natural cycles are in balance when we cut back our human
interference. As we break the obligation to respect nature on a daily basis, we have to radically put an
end to our large scale pressure on the planet.

Goals for steering away from the Anthropocene

Resulting from these assumptions and beliefs, the central goal would be to reinstate the Holocene state
of the Earth system. We should aim at fundamentally cutting back our societal and economic pressure
so that we return to an epoch in which we were in harmony with nature. “Reconnecting to the bio-
sphere” is a crucial task to restore a sense of belonging to our surroundings and how important they
are. Eco-sufficiency should become the main principle for our interaction with nature. Destroying na-
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ture would entail immense risks for the future of humanity and would be unethical. Instead of uncon-
trollably destroying the foundation for our socio-economic activities, we must ensure our actions are
not too excessive and need to respect our subsidiary role in nature. In short, the safest option would be
to curtail the ‘experiment’ Anthropocene, and restore as much as possible what has been unduly
changed by humans and reinstate wilderness.

Example: Rewilding

A new approach in conservation is rewilding. The term has different meanings, ranging from trophic re-
wilding (species re-introduction), Pleistocene re-wilding (return to Pleistocene baseline) to ecological re-
wilding (decrease management and human interference). Especially in the European context, passive re-
wilding has been proposed. The strategy involves letting nature take its course, accepting its autonomy
and ability to self-sustain. Passive re-wilding would focus on areas where human utilization of nature has
declined over times or which are deemed as suitable for ending human interference, such as “mountain-
ous regions and areas with poor soils and harsh climates” (Schnitzler 2014) or previously managed land-
scapes. An example is the Bavarian National Park. Founded in the 1970s, forestry and management
stopped largely in the 1990s (with the exception of a buffer-zone). When large areas of the forest where
infected by bark beetle, no countermeasures were taken (even though there was resistance by parts of
the public). As a result, a significant amount of trees died. In the aftermath, new, more resistant trees
emerged and the bark beetle population declined. This example highlights, how nature is “allowed” to be
autonomous, even with (potentially or perceived) detrimental effects for humans (e.g. periods of tree
infection).

Source: Schnitzler 2014; Jgrgensen 2015; Nationalpark Bayerischer Wald 2017; Corlett 2016

Humans as Gardeners of the Earth

“We aim to counterbalance current dystopic visions of the future that may be inhibiting
our ability to move towards a positive future for the Earth and humanity.” (Seeds of
Good Anthropocenes 2016)

“It seems, then, that we have no choice but to live in an Anthropocene.” (Ellis and
Trachtenberg 2014: 124)

What ‘is’ the Anthropocene?

In this perception, it is acknowledged that the Anthropocene entails human-induced shortcomings and
adverse impacts on people and planet. But there are also opportunities within the Anthropocene, there
is the possibility to make it a good Anthropocene. In the Anthropocene humanity has driven the planet
out of the Holocene, but it is still possible and desirable to maintain the most important conditions of a
Holocene-like state and to accept the Anthropocene. The planetary boundaries must hence be re-
spected to materialize these opportunities. Crucially, however, the Anthropocene tells us that we can-
not continue with business as usual, that the status quo of managing our ‘world system’ will eventually
lead to risks (the Great Acceleration is just one example of this development).

This new age clearly emphasizes the power we wield. Our activities are so influential that we are
changing the Earth system. This unprecedented powerful role and the awareness of it stressed by the
concept of the Anthropocene now offer a chance to utilize our influence to transform the socio-eco-
nomic status quo - to stay within the boundaries that the planet sets. The recognition of our domi-
nance provides the opportunity to use this power wisely and positively, ultimately enabling us to mas-
ter the Anthropocene.
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What is nature and how do humans interact with it?

In this conception, nature is seen ambivalently: both as object and subject, an instrument of our inter-
ests and something we should preserve. As gardeners, we feel connected with nature, but we use na-
ture purposefully for our benefit. Nature is partially seen in materialistic terms, much less animated as
in the first interpretation. We are part of nature, but our rationality separates and elevates us from it.
We can use our rationality (e.g. instrumental rationality) to channel how nature takes its course. One
of the images that we might have of nature is a protected lake near an urban centre.

Goals for steering through the Anthropocene

Since the Holocene is already over, we should face reality - the presence of the new epoch is an unde-
niable fact - which means the Anthropocene cannot be stopped. Moreover, the mantra of ‘getting back
to nature’ will not be sufficient and restraining our actions is ineffective in encouraging a much needed
change of behavior. Maintaining the planetary boundaries is only possible by transforming our socio-
ecological and socio-economic systems within the boundaries that the planet sets. As a result of this
understanding, a major goal for humanity would be to seize the opportunity to create a 'good’ Anthro-
pocene. In a ‘good’ (and sustainable) Anthropocene, humans know how to take responsibility and re-
sponsibly channel their collective power. This implies changing the ‘system’, i.e. inventing new models
for societies, economies and cultures while protecting the planet. By embracing our growing influence,
we can mobilize the necessary resources for significant transformations that are beneficial for both
humans and nonhumans. Humans preserve the safe operating space by behaving like gardeners of the
Earth - responsibly transforming the anthroposphere. As gardener, we transform the Earth and accept
this fact, but do not systematically pursue Earth engineering (see further below).

Example: Urban transformation ‘Cities for People’

In Montreal, the initiative ‘Cities for People’ seeks to address changing societal aspirations, environmen-
tal imperatives, shifting demographics and rising social inequalities. Acknowledging the growing civic ap-
petite for involvement in local change and global governance, ‘Cities for People’ recognizes a momentous
opportunity to harness this collective energy to shape better cities.

Cities around the world become increasingly active in combating pressing global challenges by initiating a
range of programs from organic working farms to repair services to education, for instance based on ‘so-
cial ecology’, a dual and simultaneous approach to addressing social and environmental problems,
rooted in community development. ‘Cities for People’ therefore strives to catalyze and connect these ur-
ban innovative efforts effectively to bring about systemic change that would make cities more resilient
and livable, including new forms of decision-making and behavior change.

This initiative provides an example for how small scale approaches for more inclusiveness, sustainability
and resilience provide an opportunity to be up-scaled to eventually trigger system-change. Cities are part
of the problem in the Anthropocene as a considerable source of pollution, energy consumption and land-
system change. However, human activities — here within cities — can also be transformed into becoming
part of the solution in creating a better Anthropocene.

Source: Seeds of Good Anthropocenes 2016
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Humans as Earth engineers

“If the process of socionatural hybridization cannot be stopped, an alternative possibility
is to accelerate it, thus having not less, but more Anthropocene.” (Arias-Maldonado
2015: 88)

What ‘is’ the Anthropocene?

In this interpretation, the Anthropocene does not entail perilous consequences as such. The Holocene
is considered gone for good and there is no turning back to previous environmental conditions. This
should also not be our goal, since the Anthropocene simply shows how human activities have helped
sustain an ever expanding population.

The Anthropocene demonstrates how we are disconnected from nature, that we are ‘creating new na-
tures’ (human influence generated new forms of nature, such as anthromes) and hence removed all
autonomy nature ever held. We turn nature upside down, but we do so deliberately for reasons that
maximize our benefit. Growing human influence on the Earth system merely leads to changes, not nec-
essarily to problematic changes. This explains why our new age should not be feared or perceived in a
negative light, as our influences and abilities are already so advanced that environmental problems
can be solved by this exact influence and ability. Having entered the Anthropocene means that our
time has come, a time in which our knowledge and power allow us to develop freely without external
natural limitations. Following this line of thought, the planetary boundaries together with the safe op-
erating space can be considered as flexible since advancements in technologies will increasingly facili-
tate the molding of environmental limits according to our preferences (the boundaries are human con-
structs).

What is nature and how do humans interact with it?

In this conception, nature is an instrument for human security and prosperity. Earth-engineering in-
volves intentionally manipulating nature on a large scale to protect us from the negative feedbacks of
human impacts on the environment and create benefits. Earth engineering entails a judgement on our
ability to devise large scale solutions for environmental problems which can overcome the boundaries
that are hypothesized by scientists.. In this picture, humans are above nature. Nature does not appear
as a subject of its own, an autonomous form. Nature does not have a specific spirit.

Goals for steering through the Anthropocene

The fact that this new epoch establishes humanity’s power and influence on the Earth system means
that it is not possible to stop the Anthropocene. In order to control the Anthropocene, we need to gain
more knowledge and power.

The recognition of the Anthropocene in the making is an invitation to produce even more Anthropo-
cene. The Anthropocene should not be seen as an impediment but we should reflect how we can utilize
itin order to profit from this new ‘status’ and concomitant freedom to strive without constraints. The
Anthropocene opens up spaces to think more intensively about how to use our technology to change
nature for the better.

Human history shows that technological inventions can solve some (clearly not all) problems and ad-
vance our societies. In the Anthropocene, we should embrace our power, be bold and concentrate on
perfecting our control of socio-natural relations. Hence, shaping the environmental limits instead of
limiting economic growth presents the most fruitful approach to ‘utilizing’ the Anthropocene.

Since a timely reorientation of social preferences and behavior towards sustainability is unlikely and
an approach to environmental protection proclaiming restraint and humility presents an obstacle to
modernization, humans should opt for the most efficient path and take responsibility by tailoring the
planet according to what deems best for us.
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Example: Solar Radiation Management to Combat Climate Change

Since current efforts to combat climate change have thus far not produced the necessary and desired
results, new approaches are considered. Solar Radiation Management suggests interventions to reduce
the excess heat resulting from greenhouse gases. Two possible methods are space reflectors (mirrors)
and the injection of sulfur dioxides in the atmosphere. However, once these techniques are introduced,
they will entail far-reaching and large-scale consequences which cannot be foreseen yet.

This example introduces an approach that greatly intervenes in the Earth system with the aim to tackle
climate change. It thus constitutes a measure that, instead of trying to reduce anthropogenic influences
channels them into improved pathways outside of the safe operating space; technology supports this

process.

Source: Macnaghten and Szerszynski (2013) and Szerszynski et al. (2013)

The following table sums up each interpretation’s core aspects:

Table 13:

Core aspects of three Anthropocene interpretations

Humans as Preserva-
tionists

Humans as Gardeners
of the Earth

Humans as Earth Engi-

neers

Definition of the An-
thropocene

Goals

Predicament to be cor-
rected

Correct the Anthropo-
cene and going back to
previous states of the
environment (the Holo-
cene)

Focus on the biosphere
Curb excessive eco-
nomic activities and fo-
cus on sufficiency

Logical symptom of our
increasing influence,
providing both risks and
opportunities

Partially accept the An-
thropocene, but trans-
form the societal side
of coupled human-so-
cial systems

Utilize our power to
create a better Anthro-
pocene by means of
changing the socio-eco-
logical and socio-eco-
nomic systems and re-
spect the Safe Operat-
ing Space

Opportunity and neces
sity

Accept the Anthropo-
cene

Perfect our control of
socio-natural relations
Shape the planetary
boundaries according
to our preferences, us-
ing large-scale technol-
ogies

Source: from authors, adelphi

The following illustration relates the three interpretations to the planetary boundaries and the (mate-
rial) state of the Earth system:
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Figure 40: Anthropocene Interpretations, the Earth system and planetary boundaries

Anthropocene ' Earth engineer

nthropocene
Holocene-like

Source: from authors, adelphi; © Provided by the SeaWiFS Project, NASA/Goddard Space Flight Center, and
ORBIMAGE

1.3.4 The Anthropocene: implications for environmental policy-making in a safe operating
space according to each interpretation

As argued in Chapter 1.3.3, each Anthropocene interpretation implies a different vision of environ-
mental policy-making, as each has specific political and moral connotations (Biermann 2014). These
interpretations therefore will be a focal point for a new understanding of environmental politics, influ-
encing how societal actors perceive the state’s role towards nature and potentially creating entirely
new political demands. This Chapter focuses on analyzing some of the implications for environmental
policy-making, helping to understand possible political repercussions. This analysis is not meant to be
policy-prescriptive (e.g. arguing for or encouraging a specific interpretation and policy-implication),
but explorative (answering the question - what follows for policy-making if we adopt a specific inter-
pretation). Which interpretation or policy-implication to follow is subject to political decisions.

The underlying message is that policy-making cannot evade the Anthropocene. It is crucial to form an
understanding of the Anthropocene, to realize the different interpretations and to politically act, as the
human pressure on the environment increases exponentially.

In this chapter we focus on (a) the self-conception, role and tasks of environmental policy-making, (b)
instruments, institutional set-up and international cooperation and (c) degree of power, risks and op-
portunities for environmental policy-making of the three interpretations. The analysis builds on cen-
tral dimensions of the ‘environmental state’ (Duit et al. 2015)20. For the sake of the argument, each An-
thropocene interpretation is initially taken at face value; possible risks and opportunities for environ-
mental policy-making are outlined at the end of each analysis. To facilitate the discussion, parts of the
remarks focus on the German political system.

20 The environmental state can be defined as «a state that possesses a significant set of institutions and practices dedicated to
the management of the environment and societal-environmental interactions» (Duit 2015 : 71). Four dimensions of the en-
vironmental state are «system of regulation» (e.g. political instruments, laws, regulations, etc.), «<administrative apparatus»
(e.g. ministries and agencies), «ideational aspects of state environmental involvement» (e.g. new principles, strategies, con-
cepts) and «arena for environmental conflict» (e.g. advocacy, defining problems and solutions etc.) (Duit et al. 2015 : 73-75).
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Implications according to the first interpretation: Environmental Policy-making for Earth Preservation

Protected area critics?! reliably demand fairness for human beings at the expense of
nonhuman beings, who they treat as morally inconsequential. But justice is not only
about just us. Conservation properly understood implies a fair division of Earth's re-
sources between human and nonhuman beings. Justice demands setting aside at least
half of Earth's lands and seas for nature, free from intensive economic activities.
(Kopnina 2016)

In this conception, environmental policy-making focuses on reinstating the lost past - the Holocene.
Within this interpretation, there is a closer proximity to earlier understandings of preservation, focus-
ing on the biosphere as one main object of concern, including the conditions necessary to preserve it,
as well as tackling the societal forces identified as main drivers behind the Anthropocene. Environ-
mental policy-making is important because of the necessity to turn around the current consumption
and production patterns, the functional importance of the biosphere for the Earth system, and because
of nature’s intrinsic value. Plants and animals are protected not due to a specifically national agenda
and preservation is also not about protecting out of aestheticism or romantic ideals of the ‘pristine’ but
because they are thought to have value independent from humans. At the same time, returning to the
Holocene implies the awareness that we have unduly changed nature, and so are confronted with
forces that we cannot control anymore.

While contrasting older justifications of environmental policy-making (such as protection of areas
deemed as important for the nation), the self-conception of environmental policy-making as preserva-
tionist shares some of the same policy motives as conservation in the beginning of the industrial era
(and a somewhat similar narrative). Similarly, the Anthropocene and the planetary boundaries are a
story of demise, establishing boundaries because of collective failure. Setting the starting point of the
Anthropocene to the industrial era implies that environmental policy-making is fighting the forces that
created these pressures in the first place, namely industrialization and untamed economic activity. The
preservationist thus implies an opposition role to the status quo with potential ramifications for politi-
cal dialogue with society and the economy and a notion of political radicalism, ensuring that human
demise is indeed stopped, against the forces of business as usual.

Within this self-conception, there are several implications for the tasks of environmental policy-mak-
ing. As the Anthropocene signifies how the human enterprise has led us afar from the Holocene, poli-
cies that address the drivers of human environmental pressures, such as societal and economic struc-
tures (the consumption and production patterns) as well as ideologies, values and lifestyles are of cen-
tral importance. The goal is to significantly cut back resource consumption, going greatly beyond in-
cremental change. As this task appears to be enormous and as time already has moved on, environ-
mental policy-making becomes driven by a radical stance for eco-sufficiency.

It is furthermore central to protect (the biosphere), restore (previous damage) and re-wild (actively
expand biodiversity), as the dangers of a new ‘mass-extinction’ are imminent and as it is crucial to let
nature take its course. To slow down human interference with the biosphere, protected wilderness ar-
eas would need to expand dramatically. As the focus is on restoration prior to the onset of the Anthro-
pocene, environmental policy-making would need to discern the baseline of preservation that is the
precise environmental state to be re-created (which Holocene?). Environmental policy-making would
also need to determine what exactly to preserve (which ecosystems and species) and how to deal with
ecosystems already changed by humans.

21 «Protected Area critics» refers to those that criticize calls to conserve lare areas of land for biodiversity protection e.g. on
the basis of equity (Kopnina 2016).
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Institutions, instruments and international cooperation

The Earth preservationist calls for direct action. As current efforts appear to be unsuccessful in halting
global biosphere ‘extinction’ and reversing the Anthropocene, critical self-reflection needs to take
place. Compromises and soft solutions such as voluntary commitments and non-binding strategies
move out of the central agenda as they appear to deliver only slow and ineffective outcomes.

In the Anthropocene, preservationist policy-making is faced with a ‘difficult reality’, especially in the
managed and cultivated European landscapes. As “anthromes” (Ellis and Ramankutty 2008: 445) and
“novel ecosystems” (Hobbs et al. 2009: 599) increase, the baseline of preservation becomes more and
more fluid. There is thus a temptation to ‘give in’, accept the ‘new normal’ and move from preservation
to ‘gardening’, justifying ‘development by design’, conservation cooperation with corporations, to fo-
cus only on beneficial parts of the biosphere, having ultimately human concerns at the center of its
concern (Kareiva et al. 2012).

The preservationist refuses these policy implications. While existing efforts such as protected areas,
red lists and threatened species protection (Bridgewater 2016; Miller et al. 2011) have not been suc-
cessful in halting or reversing global biosphere loss (Newbold et al. 2016), they were nevertheless im-
portant in slowing down biodiversity loss (Doak et al. 2014). Preservationists thus take into account
the characteristics of the “Anthropocene biosphere” (Williams et al. 2015: 197) and set out to dramati-
cally increase existing regulations and enforcement as well as educational measures to protect, restore
and rewild. Policy instruments for protection, restoration and rewilding, need to focus on the elements
of the Anthropocene which undermine biosphere integrity (Ellis et al. 2012). As research on the plane-
tary boundaries shows in the interlinked Earth system these are especially land system change, cli-
mate change, perturbed biogeochemical flows, reduced freshwater availability, novel entities and in-
creased ocean acidification (see Fig. S10 in Steffen et al. 2015a).

At the same time, as the economic machinery continues to grow, the preservationist refuses to give
into calls for green growth and technological solutions. In this interpretation, the Anthropocene signi-
fies how we can no longer solely put our hopes on efficiency measures, as efficiency gains have been
and will be offset by the rebound effect and by continued growth in material and energy consumption
(Lorek and Spangenberg 2014). Calls to accept the growth paradigm or to align it with ecological sus-
tainability appear to be contradictory or insufficient from this perspective. Therefore, environmental
policy-making needs to centrally focus on “social behavior and interactions of humans”, e.g. consump-
tive behavior (Williams et al. 2015: 211). Conservation implies creating societal and economic condi-
tions that do not harm the biosphere. The whole society and economy needs to be radically restruc-
tured. This involves setting preservationism high on the curriculum in the school and university sys-
tem as well as radically changing the current economic policy, focusing on de-growth.

Within the German political system, the preservationist would imply major changes. Institutionally,
the preservationist would mean to strengthen conservation as well as a dominant role of environmen-
tal policy-making vis-a-vis the economics ministries. The renewed focus on preservationism would
also mean going back to older understandings of environmentalism, leading to a re-evaluation of exist-
ing policies and strategies, in how far they concur with the priority of the biosphere, the necessity to
act quickly and whether they concur with the eco-sufficiency principle.

Globally, the tasks imply to push back the ‘new conservationism’22 principles in global institutions and
strengthen the preservationist view of development. The preservationist implies that ‘catch-up’ mod-
ernization and business-as-usual development models are not to be followed - instead focusing on a
new preservationist model (preservation as central to development, coupled with de-growth). It

22 The new conservationist movement seeks to « de-emphasiz[e] the goal of protecting nature for its own sake in favor of pro-
tecting the environment for its benefits to humans » (Doak et al. 2014 : 77).
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would also mean to focus specifically on conservation within the environmentally oriented Sustainable
Development Goals (SDGs) (e.g. SDG 14 for marine ecosystems and SDG 15) as well as putting less em-
phasis on the growth side of SDG 8. Taking the proposition of strong and robust action into account,
preservationism would see the SDGs as an important starting point, but would highlight that imple-
mentation needs to focus on binding measures.

Degree of power, risks and opportunities for environmental policy-making

In the preservationist interpretation, environmental policy-making requires strong intervention,
claiming more power vis-a-vis other political actors as well as in relation to societal and economic ac-
tors.

There are some opportunities within this interpretation. Focusing on lifestyles and drivers of environ-
mental pressures could help support mitigation of unacceptable global environmental change. Fur-
thermore, by highlighting urgency, the interpretation points to the problems of gradual or incremental
change, which might not be sufficient to ‘turn the planet around’. By setting nature in the center, it re-
vives and strengthens respect for it, supporting the principle of reconnecting to the biosphere.

But the interpretation also comes with several (political) risks:

» The nostalgic connotations of this interpretation do not really fit to the Anthropocene realities
and hence could become problematic when used in the public debate, e.g. in political communi-
cation - some of the environmental changes underway are potentially irreversible; global
change is speeding up and it appears unlikely that a return to the Holocene is possible; in fact
what needs to be protected (nature) increasingly dissolves;

» Itis also not entirely clear whether this model can and should be replicated in all societies;
pushing for it globally, could therefore imply the risk of political deadlock.

» The development model appears to have no global appeal for middle and low income coun-
tries. Promoting de-growth globally would likely not resonate well. It is thus unlikely that there
will be international political consensus on it.

Implications according to the second interpretation: Environmental Policy-making for Earth Gardening

“Nature could be a garden — not a carefully manicured and rigid one, but a tangle of spe-
cies and wildness amidst lands used for food production, mineral extraction, and urban
life.” (Kareiva et al. 2012)

Self-conception, roles and tasks of environmental policy-making

In this conception, environmental policy-making steps partially away from a vision of crisis and catas-
trophe. There is some value to be found in the Anthropocene, a good Anthropocene is possible. The
good Anthropocene is the garden in which humanity thrives.

As the Anthropocene is not perceived as inherently and solely problematic, the tasks of policy-making
shift accordingly. There is now less emphasis on significantly cutting back economic activity and focus-
ing on eco-sufficiency. Not only are these points futile from the point of the “gardening” environmental
policy-making, but they are not central for fostering the vision of achieving human dignity within the
limits of nature. As nature is clearly a gradual concept, it is not of decisive importance to protect large
areas of land. What matters is achieving social goals, while accepting that nature sets pre-conditions
on achieving human development. Environmental policy-making within the gardener perspective is
hence in fact sustainable development in the planetary boundaries reframing.

The metaphor of the gardener exemplifies this view. Similarly to this metaphor environmental policy-
making appears as a rational and prudent agency, which is able to oversee nature’s course (“monitor-
ing” the garden), realize problems that might occur (when failing to prudently manage nature) and
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counteract accordingly. The step away from apocalyptic visions is visible in the metaphor: there are
not power plants, smoke, polluted rivers in this vision, rather an image of flowers, almost an Earthly
‘Garden Eden’. The anthropocentrism of this perspective is as well exemplified in the metaphor: gar-
dens are human constructs. A garden might have some more or less undisturbed areas, but they are
within the fence, and the garden exists because of human welfare. Simultaneously however, the gar-
dener accepts that he cannot control or change significant parts of nature.

But environmental policy-makers nevertheless realize that current affairs do not resemble the vision
yet. ‘Garden Eden’ is potentially reachable, but environmental policy-making needs to ensure that soci-
ety actually gets there. To reach the garden, the current consumption and production patterns have to
change, while still allowing for green growth and the green economy. According to the gardener per-
spective, we have been always adapting to environmental change and found solutions that both re-
spect the environment and achieve progress (DeFries et al. 2012).

The tasks are therefore, to become aware of the beneficial side of the Anthropocene, to respect the
boundaries of nature and realize human well-being (conditions of human development), deliberately
and rationally transform the socio-ecological system, to focus on green growth, and to build on gradual
change and the notion of steering, rather than abrupt disruptions and radicalism as in the first Anthro-
pocene interpretation.

Institutions, instruments and international cooperation

The gardener metaphor has a communicative and a policy-side. For the communicative side, according
to this vision, the political language has to change. It is assumed (from the gardener perspective) that
speaking only about the perils of the Anthropocene does not motivate society to move towards garden
Eden; instead what should also be talked about are the promises of the good Anthropocene, simultane-
ously with risks. Behind that lies the assumption that humans are utility maximizers and are motivated
to act if they see some material benefit in their action, and are not only motivated by pointing to a dan-
gerous future. The gardener environmental policy-making therefore also speaks about opportunities,
gains, benefits, synergies, innovation, win-win, solutions and so forth. But in contrast to the Earth engi-
neering perspective, they nevertheless admit that boundaries exist and are a precondition of develop-
ment. The gardener can thus be understood as a completing-narrative, turning the ‘story of demise’
into a story that also includes parks and flowers.

For the policy side, policies need to be integrated (achieving social and environmental goals). To reach
the promises of the garden, environmental policy-making need to take on an enormous task - to reign
in the societal and economic structure, without the radicalism of the preservationist, with precision, to
move material and energy flows and the drivers behind them, on a sustainable path. Environmental
ministries then become the central planning agencies behind transformation, in close vertical and hor-
izontal coordination. Behind that lies the realization that transformation and change is already hap-
pening (the Anthropocene dynamics) but that these need to be steered to stay on a sustainable ‘win-
win’ path.

Within the gardener vision of environmental policy-making, there is a much closer political relation-
ship to economic actors and the idea of mutual cooperation between all sectors of society and between
science and society. Proponents propose a “social contract” (DeFries et al. 2012: 603) between science
and society, to deliver solutions (rather than critique of the status quo and implementing ‘sweeping’
countermeasures). Also, voluntary or soft-instruments are not necessarily disregarded, as the outlook
is on long-term transformation. There is the inherent belief that while strong regulation is needed, bot-
tom-up transformation, and voluntary behavioral change is possible. This is motivated by the utility
argument and the idea that by changing the language of the Anthropocene, actors could be pulled to-
wards sustainability.

138




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

The gardener metaphor appears to be the ‘new consensus’ in German environmental policy-making.
This is visible in speeches (see e.g. BMUB 2014) and also in the new Integrated Environmental Pro-
gramme (BMUB 2016a). The term is not explicitly used, but there are many elements that resemble it,
such as focusing on the benefits of environmental policy-making simultaneously with respecting limits
(challenges), moving away from ‘classical environmentalism’ to transformative politics. Deduced from
this new consensus are new institutional demands such as the right for initiative in other policy areas
and cost-benefit analysis of policies (BMUB 2016a). To further implement the gardener vision,
stronger institutional changes might be necessary such as a veto right for specific policies, if they do
not respect the fair share of planetary boundaries, and (prior to that) systemic / integrated impact
analysis of policies building on planetary boundaries (and e.g. SDGs).

Globally and for international cooperation, the gardener metaphor is present e.g. in the notions of
green growth (World Bank 2012a) and green economy (UNEP 2011). It is also present in the SDGs, es-
pecially through its now more comprehensive outlook (social and environmental goals) and the mix-
ture between ‘opportunity oriented’ SDGs such as SDG 8 (Promote sustained, inclusive and sustainable
economic growth, full and productive employment and decent work for all) and more environmental
SDGs. However, especially the ‘boundaries’ side of the gardener vision would need to be globally
strengthened (the SDGs do not include the planetary boundaries). The gardener vision would demand
that SDG implementation strongly includes the concept.

Degree of power, risks and opportunities for environmental policy-making

The gardener metaphor assigns a much larger than current control capability to policy-makers. It en-
tails the notion that environmental politics is able to control human systems as well as natural sys-
tems, to detect trade-offs and materialize benefits.

This particular Anthropocene interpretation also involves several political risks:

» The language of the good Anthropocene comes with its own pitfalls - by emphasizing opportu-
nities, win-win situation and the possibility of the good Anthropocene, it becomes less obvious
why the environment should be wholeheartedly and decisively protected; if there are so many
opportunities in the Anthropocene, it might become unclear why the Anthropocene should not
be fully embraced;

» Italso not entirely clear whether it is only utility that motivates pro-environmental behavior;
research shows that there are also other factors in place (such as external, contextual factors
(Kollmuss and Agyeman 2002); this means that the strong urge to focus on opportunities
might not be enough or might even set the wrong ‘tone’;

» Inherent in the sustainability transformation is a belief in progress and rational policy-making,
but setting such a large scale target (changing society) is difficult to reach, potentially impact-
ing environmental policy-making’s credibility;

» The gardener metaphor is easy to grasp, but it is not entirely clear whether it is a good meta-
phor. The metaphor might hide inequalities (e.g. the different capacities of humans to be gar-
deners, or the different responsibilities). The metaphor also appears to diminish ethical ap-
proaches that set respect for nature at the center.

» By emphasizing central planning and control, the gardener metaphor is a more apolitical vision
of environmental policy-making (‘political’ understood as participatory deliberation process)

139




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

Implications according to the third interpretation: Environmental Policy-making for a Human-engineered
Planet

“By 2100, nearly all of us will be prosperous enough to live healthy, free, and creative
lives. Despite the claims of Malthusian pessimists, that world is both economically and
ecologically possible. But to realize it, and to save what remains of the Earth's ecological
heritage, we must once and for all embrace human power, technology, and the larger
process of modernization.” (Nordhaus und Shellenberger 2011)

Self-conception, roles and tasks of environmental policy-making

In this perspective, the Anthropocene is embraced. Boundaries are not biophysically prescribed but
human constructs. The Earth system is much more resilient than planetary boundaries researchers
often assume. As humanity evolves, so boundaries can be shifted. From the Earth engineer’s perspec-
tive, humans have constantly emancipated themselves from nature. Respect for nature might be a ro-
mantic ideal, but it is not a necessary precondition for human development. To the contrary, it was
technology and human ingenuity which ensured that we now have the potential to feed humanity, not
respect for natural flows.

This also implies a much different understanding of environmental policy-making. Instead of focusing
on the precautionary principle and respecting boundaries because we don’t know what lies beyond
them, we should trust in a positive future. Catastrophes of the past and the dark sides of the Anthropo-
cene are but steps to a better outcome, once ‘counter-forces’ of technology and human creativity step
in. This perspective implies breaking with traditional environmentalism and traditional instruments of
environmental policy-making. It does not mean however, to entirely disregard the risks that human
induced (and natural) environmental change can have for human development. Risks exist but they
cannot be grasped by setting limits on the planet, as this view neglects human adaptability. Instead,
potential future impacts on humans should be monitored and, if necessary, be avoided by using tech-
nology.

The role of environmental policy-making changes within this interpretation. Environmental protection
is no longer a structural, societal force (implementer of the great transformation) or the main institu-
tion charged with inducing the return to the Holocene. Environmental policy-making now has the im-
mense role to deliberately modify the Earth on a large scale for human development, to avoid and (po-
tentially) correct negative, large-scale environmental impacts. Environmental policy-making becomes
itself a major force for the Anthropocene, accepting the need to change the Earth. Vis-a-vis economic
forces, the role is now much less oppositional. There is a tendency to accept the current social metabo-
lism, current production and consumption patterns, and to allow the human enterprise to allow flow-
ing, as ultimate faith rests in the human capability to overcome the challenges of our time. As environ-
mental policy-making is confronted with a shrinking operating space - currently applied mitigation
approaches do not appear to be sufficient to change the trend - Earth engineering options become in-
creasingly relevant.

Institutions, instruments and international cooperation

With Earth engineering, technologies move into the center of environmental policy-making.23 They to
a large degree influence which political steps to pursue in order to avoid non-beneficial environmental
change; they set the parameters of governance. Depending on the type of technology, different govern-
ance challenges arise. This is visible in the debate on geo-engineering (Humphreys 2011). There are

23 So far, geoengineering research has mostly focused on experiments within laboratories as well as on modelling. In 2017 it
was announced that researchers from Harvard University will test solar radiation management by aerosol injection on a
small scale in the atmosphere (Neslen 2017). There are hence no concrete examples yet, for the application of geo-engineer-
ing.

140




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

technologies which will only be useful if collectively applied (so called territorial geo-engineering). Ex-
amples are (1) ‘roof whitening’ which involves painting roofs white to reflect sunlight, (2) setting up
sun reflectors or (3) ‘afforestation’ that is increasing the global forest area (Humphreys 2011). For
these technologies, a collective action problem arises: only if a sufficiently large number of countries
collectively applies these technologies will there be a large enough effect.

There are other technologies however which do not necessarily require the collectivity of states, so
called commons based geo-engineering (such as ‘ocean fertilization’ or ‘stratospheric sulfate injection’
Humphreys 2011). Ocean fertilization implies releasing nitrogen or other nutrients in the ocean to in-
crease algae; stratospheric sulfate injection means to set sulfate in the stratosphere in order to in-
crease the amount of sunlight being reflected (Galaz 2012a). For these technologies, unilateral action
is possible. Not all states have the capability to devise and deploy the technologies. A precondition is
likely the degree of development and relative power (vis-a-vis other countries) to act without multilat-
eral consensus. Unilateralism also means that there is a higher degree of uncertainty among other
states and the potential for conflict, when single states move forward to applying a technology, poten-
tially with harmful unintended consequences.

Similarly to geo-engineering, it is likely that there will be both technologies that create a collective ac-
tion problem and technologies that lead to the problem of unilateralism within Earth engineering.
Within both scenarios, German environmental policy-making as well as its instruments would be re-
shaped.

First, environmental policy-making would become even more internationalized and essentially a func-
tion of international action. For both territorial and commons based Earth engineering, German unilat-
eral action would not be feasible or unlikely. Local action would likely only be engaged with the effects
of geo-engineering (e.g. impacts on local eco-systems) (Galaz 2012a). Second, German environmental
politics would become further dependent on the scientific community. In both scenarios, scientists
would devise, monitor and help implement Earth engineering solutions. To test the technologies and
to detect and potentially avoid non-beneficial environmental change and to identify unintended conse-
quences, scientific models would be needed and policy-makers would be dependent upon the validity
of these models and scientific prediction.

Both for territorial and commons based Earth engineering, similarly to the mitigation of climate
change, German environmental policy-making would need to rely on multilateral action in conjunction
with like-minded states and the European Union. Under the uncertainty inherent in the international
system, it would be likely that some sort of international institution would be devised, either stopping
short from an actual treaty and operating within already existing conventions or establishing a new
treaty or framework convention (institution is here used in the sociological sense, see footnote, and
does not equate with international organizations).24 For the unilateralism scenario, it would even be
more important to devise an international institution to decrease uncertainty and minimize conflict
risks.

The institutional design for both scenarios would depend on the specific situation at hand (which envi-
ronmental change is intended to be avoided or countered; what are the goals to be achieved; what
technologies are available etc.). To date, there is no adequate international governance system for such
a technical management of Earth system processes with international institutions that hold a suffi-
ciently broad mandate to cover the wide range of tasks, from assessing risks and problems to regulat-

24 “International institution” is understood broader as “relatively stable sets of related constitutive, regulative, and proce-
dural norms and rules that pertain to the international system, the actors in the system (including states as well as nonstate
entities), and their activities” (Duffield 2007). Hence, international institutions would comprise of more than formalized
entities such as international organizations (also of other social practices such as rules and procedures).
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ing and supervising these activities. Potentially and for the period prior to the establishment of a gov-
ernance architecture, international action could rely on a set of rules, such as the Oxford principles
(House of Commons Science and Technology Committee 2010). These principles have been originally
established by researchers at the Oxford Geoengineering Programme and were subsequently endorsed
by the UK House of Commons Science and Technology Select Committee working on “The Regulation
of Geoengineering”. They also informed the Asilomar Conference on Climate Intervention Technolo-
gies outcomes and are also more widely discussed within the literature (Humphreys 2011; Szerszyn-
ski etal. 2013).

In analogy to these principles, it would be necessary to regulate Earth engineering as a public good (by
states and the international level), ensure public participation (to secure legitimacy), disclose Earth
engineering research and research results, independently asses impacts and establish a governance
architecture before deployment. Similar to the climate mitigation regime, any governance architecture
would also need to address the question of funding, especially how to support least developed coun-
tries who would need to contribute to implementation when collective action is required.

It is likely that there will be negative side effects of Earth engineering (see e.g. Heck et al. 2016 for a
modelling study for terrestrial carbon dioxide removal), as future impacts of action are hard to predict
and alter the Earth system (Victor 2008). This has two implications for environmental policy-making.
The first would be the necessity to devise compensations for those countries hit by unintended side
effects (loss & damages), potentially entailing obligations for developed countries. The second would
be the necessity to provide countries that are likely to be hit by unintended environmental change the
capacity to adapt to it (resources, etc.). Both points are especially difficult to achieve as the attribution
of effects of Earth engineering are very complex due to the complexity of the Earth system, making it
more unlikely to establish liability (Blackstock and Long 2010).

Degree of power, risks and opportunities for environmental policy-making

This Anthropocene interpretation entails increasing tasks for environmental policy-making. While the
international character of deploying technical solutions to address Earth systemic challenges shifts the
focus of environmental policy-making on the global stage and minimizes local solutions, the objectives
become enormous (monitoring, controlling, and manipulating the Earth system for human develop-
ment).

The aim of shifting planetary boundaries according to our needs (e.g. creating a climate favorable for
human development) and solving environmental issues by means of technologies with often far-reach-
ing implications entails significant risks environmental policy-makers need to consider and account
for:

» So far, the knowledge base for assessing Geo-engineering is low (IPCC 2013: 635);

» Limited current analysis of geo-engineering proposals (Solar Radiation Management and Car-
bon Dioxide Removal) suggests that they “carry side effects and long-term consequences on a
global scale” (IPCC 2017: 29), such as modification of the global water cycle (Solar radiation
management; [PCC 2017: 29); Biological carbon sequestration (another currently discussed
option) “would produce a biogeochemical shift in the terrestrial biosphere which is, in absolute
terms, even larger than that already produced by historical land use change” (Heck et al. 2016:
213);

» unknown hazards resulting from approaches such as geoengineering might be revealed at a
later time;

» the approach, fully implemented, would likely result in delay in mitigation (as discussed above
continued human development without behavioral or economic changes would be the goal of
the Earth engineer);
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» the approach would require large investments in technology;

» ecosystem-services are difficult to impossible to replace by technology, especially supporting
services (compare Fitter 2013);

» path dependencies can occur; as more time and money is invested in a potential solution, it be-
comes more and more difficult to prevent it from being implemented even if it is regarded as
problematic approach at a later stage;

» society’s commitment rates to a technology might fall quickly, potentially leaving policy-mak-
ers with an inflexible long-term policy approach that cannot be halted;

» Such interventions are unlikely to become universally acceptable by different countries. Risks
of “arestricted set of knowledge networks, highly dependent on top-down expertise and with
little space for dissident science” (Macnaghten and Szerszynski 2013: 2812) present further
examples of potentially problematic environmental policy-making carried out in this Anthro-
pocene scenario;

» Environmental policy-making becomes itself a force for the Anthropocene and would increas-
ingly distance itself from conservation, sufficiency and the current move towards socio-ecolog-
ical transformation; such a transformation of the self-conception would inherently create in-
tra-organizational resistance and would in itself require deeper organizational change (as cur-
rently socio-ecological transformation is in the political centre; compare the Integrated Envi-
ronmental Programme 2030);

1.3.5 Conclusion

In the Anthropocene, environmental policy-making is confronted with a new reality. This is a time
where humans change the environment on an unprecedented scale (see the discussion in Chapter
1.3.2) and policy-making should adapt to these changes. However, entering the Anthropocene means
entering a world of ambivalence (see Chapter 1.3.3). Being political, scientific and even ‘pop-cultural’,
the concept evades easy definitions. For environmental policy-making, it is essential to critically exam-
ine the connotations of the term ‘Anthropocene’ and realize their potentially far reaching implications.
This also implies to critically separate ideational changes from material developments (the conceptual
from the material side). The Anthropocene concept mixes both aspects, making it much more than a
geological notion. Environmental policy-making should be aware of the ideational nature of the con-
cept and what it could entail (see Chapter 1.3.4). This would also mean to take part in the public dis-
course on the Anthropocene, potentially shaping these interpretations.

As described in the introduction, the Anthropocene forms the planetary boundary concept’s ‘back-
bone’, the context for which boundaries are formulated. The three outlined interpretations differ with
regard to their coherence with the planetary boundaries concept. The preservationist interpretation
shares the connotation that the Anthropocene is problematic, that the planet has boundaries with re-
gards to resource consumption and pollution and that we should reconnect to the biosphere. Differ-
ences lie in its insistence to move back to the Holocene, to cut back economic activities and to reinstate
wilderness - the planetary boundaries concept focuses on open development pathways within bound-
aries, sets out to achieve Holocene-like conditions and focuses on Earth system stability.

The gardener interpretation comes very close to the planetary boundaries concept. Both share the
conviction that the Anthropocene comes with risks and that it is only possible to achieve Holocene-like
conditions. The planetary boundaries also resemble the gardener metaphor in its belief in the power
that humans yield. Both differ with regards to the transformation focus, the planetary boundaries
leave this question open. With regards to Earth-Engineering, commonalities are that environmental
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change causes risks for humans and that humans are one cause of these risks. Differences lie in accept-
ing the Anthropocene (Earth engineering), understanding environmental limits as flexible and with
regards to the strong belief in technological fixes.

Which of the three main interpretations (humans as preservationists, humans as gardeners, humans
as Earth-engineers; see Chapter 3.3.3.2) environmental policy-makers should follow is essentially it-
self a matter of politics. It is a decision, which clearly not only involves environmental concerns. The
gardener metaphor appears to be a good starting point - being a middle ground between passivity and
over-activity. But the gardener metaphor comes with its own flaws, for example diminishing ideas of
respect for nature and the risk of overestimating human control over natural processes. The metaphor
is also not fully articulated. There are more questions to be tackled. What about global inequality? How
can we equitably divide the burden from mitigation (burden sharing)? These are questions that need
societal input and discussion.

1.4 Operationalization of the planetary boundaries: ways forward and first re-
sults for Germany and the EU

Executive Summary

The planetary boundaries have generated significant interest beyond the scientific community from
where they originate. They delimit a global safe operating space for sustainable development, by
providing a single number per boundary or environmental process. Regionalization and operationali-
zation of the planetary boundaries can integrate this global environmental perspective into local, na-
tional and regional policy and decision making, and can thus improve vertical policy coherence across
scales. Given the systemic character of the planetary boundaries (with reference to the Earth system),
their operationalization can also support horizontal coherence across sectors.

However, before applying the planetary boundaries framework to any specific context, it will be im-
portant to clarify how they can add value, and which planetary boundaries may be relevant. The objec-
tive, required data and information, and the process of planetary boundary operationalization need to
be specified for the respective context. Through cooperation of scientists and policy makers, the plane-
tary boundaries can be downscaled and translated into relevant information that is compatible with
the national or regional context for benchmarking of environmental performance. This involves nor-
mative decisions about “fair” allocations of the global safe operating space (equal-per-capita allocation
may serve as a default). This “co-operationalization” of the planetary boundaries by scientists and pol-
icy makers provides legitimacy, while ensuring scientific underpinning.

Demand driven operationalization and eventually mainstreaming?s of the planetary boundaries can
use entry points such as new national strategies or policies, directives, e.g. the:

» Integrated Environment Programme 2030
» German Sustainable Development Strategy
» Integrated Nitrogen Strategy

Such new initiatives can be tested for their consistency with global boundaries, by benchmarking their
expected outcome against downscaled planetary boundaries. The systemic planetary boundaries
framework (a dashboard for sustainability) also helps to identify tradeoffs between the different strat-
egies, policies and environmental objectives.

While the different planetary boundaries have different characteristics and there is no blueprint for
their application, a number of common elements of a universal method for planetary boundary opera-
tionalization are beginning to emerge. These include:

25 Mainstreaming means integrating a new concept into existing contexts and that way adding a new perspective and value.
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» downscaling (disaggregation and allocation) of the PB to the relevant scale

» including temporal dynamics in the downscaling

» benchmarking production-based environmental performance against the downscaled plane-
tary boundary

» benchmarking consumption-based environmental performance against the downscaled plane-
tary boundary

» mapping the results of the previous steps onto relevant policy contexts and integration with
context-specific environmental sustainability criteria and data

Initial exploration and application of the planetary boundaries to the national and European level has
demonstrated the importance of going beyond territorial or domestic environmental performance and
include also external environmental pressures, mostly transmitted via trade. Benchmarking consump-
tion-based performance against the planetary boundaries captures a nation’s full environmental im-
pact and resource use (responsibility for planetary boundary transgression) related to its consump-
tion patterns. It also specifies where on Earth the impact / resource use occurs and what that means
for the Earth system.

Applying the planetary boundary framework to the German and EU context through the above meth-
odological elements that are developed, applied and presented in this paper, can improve vertical and
horizontal policy coherence. It also provides a few initial conclusions: per-capita contribution to plane-
tary boundary transgression is significantly higher than global average. For the boundaries explored
so far (climate change, land use change and nitrogen) it doesn’t matter whether the respective global
boundary is already transgressed or not, the downscaled planetary boundary?¢ is transgressed at the
German and EU level, in particular when taking a consumption-based perspective. Positive trends of
decreasing pressure on planetary boundaries are generally limited to the territorial performance of
Germany or the EU. Increasing externalization of environmental pressures through trade (over-)com-
pensates these territorial improvements. Total consumption-based environmental performance
doesn’t seem to improve for these planetary boundaries.

More specifically, initial downcaling and benchmarking of the planetary boundaries for Germany / EU
yields the following insights for the climate and land use change boundaries (for nitrogen see Hoff et
al. 2017):

For climate change:

German and EU per-capita CO; emissions are above the global average, by about 100% (Germany) and
by about 50% (EU) from a production-based (territorial) perspective, and even more so from a con-
sumption-based perspective that includes resource use beyond Germany’s / the EU’s territory but for
German/EU consumption.

While production-based (territorial) CO, emissions have decreased over the past 2-3 decades, exter-
nalized emissions in other countries as caused by Germany’s / the EU’s consumption and imports,
have increased and (over-) compensated the domestic progress.

The EU’s consumption-based carbon footprints currently are about 10-20% higher than production-
based (territorial) footprints.

Depending on the selected climate target and criteria for allocating the global emission budget, Ger-
man and EU emissions need to be reduced by about 50-90% by 2030 compared to 1990 (while the
current EU target stands at -40% reduction). This would have required an emission reduction rate of
about 2-5% per year since 1990, while the actual annual rate was only in the order of 1%. Accordingly

26 The initial downscaling was done based on equal per capita and/or per area allocation of the global value, for a more de-
tailed description of the downscaling see main text below.
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much higher annual reduction rates of up to 10% are required from now on, in order not to transgress
the respective share of the global climate change boundary.

For land use change:

The boundary for land-system change (275% of forest cover should remain) has not only been trans-
gressed globally, with about 62% of original forest cover remaining, but also at the German level (34%
of natural forest cover remaining) and at the European level (43% of original forest cover remaining),
despite the rather low boundary for temperate forests (50% original forest cover remaining) which
applies in Germany and most of the EU.

Many EU countries have high per-capita land use, with consumption-based land footprints much
higher than production-based footprints and largely above global average.

Given the large net imports of agricultural commodities and biomass of Germany and the EU, they
strongly externalize land use. Currently about the same amount of agricultural land is used outside of
Germany and the EU as within their territories for producing goods and services finally consumed
there. Reductions in cropland use (and pressure on the planetary boundary for land-system change)
within Europe are compensated by growing imports of virtual land from other world regions.

Forest cover is slightly increasing in Germany and in the EU. All of the EU‘s consumption-based defor-
estation occurs outside of the EU, with the EU being responsible for 10% of total trade-related defor-
estation.

Different from the climate change boundary, drivers of land use change are very context-specific and
criteria for sustainable land use at local and national level may be quite different from those repre-
sented by the planetary boundary for land-system change. Further development of the land use change
boundary and its operationalization need to go hand in hand, enabling more context-specific
downscaling.

The Context

Human imprint on the environment is increasing. In the Anthropocene modify the Earth system signif-
icantly, with largely unknown consequences for its functioning. The great acceleration of human activi-
ties and associated environmental impacts (Steffen et al. 2015b) raises questions about potential criti-
cal thresholds in the Earth system, beyond which unexpected, possibly abrupt “regime shifts” would
occur, that could threaten the living conditions for humans and their well-being. These issues and the
need for precautionary management of these risks have been addressed by Rockstréom et al. (2009)
and more recently Steffen et al. (2015b) in their planetary boundaries framework. The planetary
boundaries have received continued attention across all sectors of society, and are now also refer-
enced in German and European policy making, and in the context of the 2030 Agenda:

» “...The planetary boundaries of our Earth together with the objective of a dignified life for every-
one constitute the ultimate parameters for political decisions (Federal Government 2018, p. 48)

» “..the way in which we consume and make use of the world’s resources cannot be continued
permanently and not even over the coming decades, because this leads to exceeding our
planet’s ecological limits (or “planetary boundaries”) (Federal Ministry for the Environment,
Nature Conservation, Building and Nuclear Safety 2016, p. 1)

» “Living well, within the limits of our planet." (EU 7th Environment Action Program)

» “We are determined to protect the planet ...through sustainable consumption and produc-tion,

sustainably managing its natural resources....”, “each government setting its own national tar-
gets guided by the global level of ambition but taking into account national cir-cumstances.”
(Agenda 2030)
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While each of the planetary boundaries still needs to be further explored and specified, and the inter-
actions between boundaries and their dynamic in the Earth system are yet to be assessed, the opera-
tionalization of the planetary boundaries can begin in parallel. By exploring options for planetary
boundary downscaling and using the downscaled planetary boundaries as benchmarks for specific
contexts, their added value in policy and decision making can be tested. That “ground-truthing” in turn
enables feedback to the planetary boundary development itself, so that the information requirements
of policy makers and other stakeholders, in terms of a large-scale and global environmental perspec-
tive, can be better addressed.

While there is great interest in applying the planetary boundaries for specific contexts, stakeholders
also need to be informed about the scientific evidence underlying each of the planetary boundaries,
including the associated uncertainties, critical issues and disputed aspects, so that these can be taken
into account when applying the planetary boundaries, e.g. for policy making, environmental manage-
ment and sustainable consumption and production. It is this co-design and co-development (Mauser et
al. 2013) between scientists and other stakeholders, of the planetary boundary framework and its op-
erationalization, which generates most added value when addressing environmental and sustainability
challenges across scales and sectors.

This paper presents - after a short introduction to the planetary boundary framework itself (chapter
1.4.1) - a suggested methodology for planetary boundary operationalization (chapter 1.4.2). This
methodology starts from the previous disparate and rather uncoordinated attempts for planetary
boundary downscaling, which have been applied in different countries and regions. In order to move
beyond those initial planetary boundary applications, this paper develops some common elements for
a systematic and transferrable method for planetary boundary operationalization. It discusses the fea-
sibility, remaining gaps and per-spectives of a universal method for applying the planetary boundaries
in policy making. These elements are (as much as possible) quantitatively explored and illustrated in
chapter 1.4.3 for Germany and the EU, with focus on the climate, land and nitrogen boundaries.

1.4.1 The planetary boundaries framework

Operationalization of the planetary boundaries has to start from the current state of the planetary
boundaries framework, its conceptualization, development, level of quantification and also limitations.
This chapter briefly summarizes the state-of-the-art, including the inherent uncertainties, controver-
sies and knowledge gaps.

The planetary boundaries delineate a safe operating space with respect to the Earth system and
its desirable stable state for sustaining human livelihoods and well-being. Boundary values (and
ranges of uncertainty) are specified for each relevant environmental process, such as climate and land
use change, production of reactive nitrogen, biodiversity loss, water use etc. The planetary boundaries
refer to the Holocene as “a scientific reference point for a desirable planetary state” (Rockstréom et al.
2009). Large- up to global-scale environmental guardrails and targets are formulated as acceptable
deviations from the natural state. At the same time, the planetary boundaries framework acknowl-
edges the fact that we have entered a new era, the Anthropocene, in which humanity is rapidly increas-
ing its imprint on the environment, not only locally but at the level of the total Earth system - with
largely unknown consequences.

The planetary boundaries framework is precautionary. In view of the increasing risks that the de-
viation of the Earth systems and its components from the natural state poses to humanity and the in-
herent uncertainties about critical thresholds, and systemic responses to threshold transgression, the
PBs have been set as guardrails ahead of likely thresholds. The transgression of such thresholds may
lead to regime shifts or other changes, which can compromise the functioning of the Earth system and
its components in its Holocene state, and with that the living conditions for humans. The guardrails
delineate a safe operating space in which sustainable development is possible, and outside of which
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the risk of unwanted changes becomes unacceptably high. Defining acceptable risks and setting guard-
rails accordingly is inevitably a normative process, which has to involve all relevant stakeholders. The
risk-based approach of the planetary boundaries is depicted by the green-to-red color coding in the
emblematic planetary boundary figure (see below). It makes the planetary boundaries compatible
with policy making.

The planetary boundaries are systemic boundaries, given the interactions between all of them and
their reference to the Earth system. These interactions and feedbacks occur at various levels and spa-
tial and temporal scales. For example, land system changes such as deforestation affect evapotranspi-
ration, atmospheric moisture transport and eventually water availability across regions and scales.
With that, land system changes can modify the freshwater boundary. Similarly, climate change affects
the freshwater planetary boundary, the biodiversity boundary and other planetary boundaries. So the
planetary boundary framework becomes an integrative “dashboard for sustainability”, which can in-
form sustainability strategies and transitions about large-scale global environmental limits, but also
opportunities. The systemic and often non-linear interactions between the different planetary bounda-
ries and the resulting system dynamics at various scales up to global scale are currently intensively
studied and modeled in Earth system science. Scientific tools include Earth system and integrated as-
sessment models and associated scenario analyses. The systemic character of the planetary bounda-
ries and their dashboard function makes them a useful concept in support of integrated approaches
and vertical and horizontal policy coherence across scales and sectors, as required e.g. in SDG imple-
mentation. With that the planetary boundaries can also help to integrate different environmental foot-
prints as requested by Galli et al. (2012).

Not all planetary boundaries are equal. While the planetary boundaries have been developed based
on the original climate change boundary (global warming below 2 degrees), they are in fact of quite
different nature: some planetary boundaries such as the climate change boundary address global com-
mon goods: the atmosphere presents a globally well mixed pool, to which all greenhouse gas (GHG)
emissions contribute equally, no matter where they originate. The disaggregation or downscaling of
such a boundary is rather straightforward and can be achieved in a top-down manner, allocating the
safe operating space (remaining greenhouse gas emissions) irrespective of biophysical context.

Other planetary boundaries prescribe large-scale spatial patterns upon which Earth system function-
ing de-pends, such as the land boundary: changes in vegetation, in particular deforestation may differ-
ently drive Earth system changes, e.g. impacts on climate or on the biosphere, depending on their loca-
tions and spatial patterns. Similarly, for the aerosol boundary, resulting Earth system changes, e.g. im-
pacts on the atmosphere and the climate (monsoon changes for example) also depend on the locations
and patterns of emissions. So the downscaling of such a boundary needs to be spatially explicit (rather
than globally uniform), accounting for these patterns and local context when allocating the safe oper-
ating space.

Yet other planetary boundaries may refer to large-scale environmental impacts and their conse-
quences for the Earth system functioning, such as large-scale anoxic zones in the oceans or repercus-
sions for different global biogeochemical cycles, as a result of multiple and extensive trans-gressions of
local nitrogen or phosphorous boundaries.

Some planetary boundaries refer to stocks, others to flows of resources or emissions. The climate
change boundary implies a limited stock or budget of remaining total global GHG emissions (which
will be used up in the near future). The water boundary is an example of a flow boundary, for which
the control variable is the annual consumptive freshwater use (since water is a renew-able resource,
this flow will be available year after year). Accordingly, the temporal dynamics of the control variable,
and with that also the temporal dynamics of the operationalization of the boundary, vary between
stocks vs. flow boundaries.
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Planetary boundaries also delimit the space in which social-ecological systems can develop sus-
tainably. While this was not part of the original biophysical definition of the planetary boundaries
(the referred to “Earth system functioning”), the need for reconciling global environmental goals with
devel-opment-related goals was initially explored e.g. by Raworth (2012). She expanded the safe oper-
ating space to a “safe and just operating space”. Within such a safe and just operating space, fair and
equitable access to resources and ecosystem services and eventually human (water-, energy- and
food) security can be achieved and integrated with environmental sustainability. Based on the plane-
tary boundaries framework, the safe and just operating space is currently further developed. Dearing
etal. (2014) and Cole et al. (2014) provide regional examples of integrating socio-economic and envi-
ronmental targets in their initial operationalizations of the planetary boundaries for China and South
Africa respectively. The 7th Environment Action Program of the European Union refers to the integra-
tion of environmen-tal and socio-economic targets in its title: “Living well within the limits of the
planet”) — however as EEA also shows, countries currently either offer their citizens to live well OR re-
main with their share of the planetary limits, but no country achieves both, the development and the
environment goals simultaneously. The urgent need for integrating environmental and global develop-
ment or social justice goals, has also been emphasized by the German Minster for the Environment,
and is central to the national implementation of the Sustainable Development Goals (SDGs). The plane-
tary boundaries and their operationalization can provide a scientific basis and framework for the re-
quired Sustainability Transition.

Some planetary boundaries have already been transgressed. Their status, or more precisely: the
current knowledge about their status is depicted in Figure 41 below. This figure illustrates that at least
for 4 planetary boundaries the state of the control variable has moved outside of the safe operating
space. The color coding from green to red indicates that the risk of detrimental changes increases with
distance from the original / natural state (with reference to the Holocene). Accordingly there is no
unanimous single value, beyond which regime shifts inevitably occur, but rather a zone of increasing
risk, ahead of which precautionary guardrails have been set. For those boundaries depicted in in yel-
low and red color that guardrail has been transgressed.

We can expect this picture to further develop as new scientific results emerge. As will be described be-
low, initial analysis indicates that irrespective of the global status of these planetary boundaries, Ger-
many has transgressed its share of the climate and land (and also other) planetary boundaries by far.
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Figure 41: The Planetary Boundaries and their transgression status (Steffen et al. 2015a)
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The attractiveness and communicative power of the planetary boundaries which this figure illustrates
(one global number per critical environmental trend) comes at a cost: the reduction of complex multi-
dimensional and multi-scale environmental processes to single numbers (“boundaries”) results in in-
completeness, missing detail, nuances and also dynamics. This has led to criticism by the scientific
community, about the insufficient level of detail and depth of analysis which disciplinary science typi-
cally requires.

The PB framework contains a number of uncertainties, which are being addressed by ongoing re-
search. These uncertainties include for example the exact location (and even the existence) of each of
the boundaries and underlying thresholds, as well as the current posi-tion of the Earth system and its
components relative to these thresholds and their potential responses to threshold transgression. Also
the interactions and feedbacks between the different boundaries and the resulting dynamics (or iner-
tia) of each boundary and the Earth system are largely unknown. Accordingly, very little knowledge is
available on potential re-sponses of the Earth system and its components to threshold transgressions
or on possible societal responses.

So the operationalization of the planetary boundaries has to take place against this backdrop of the
current status of the planetary boundary framework, with all its uncertainties, limitations and ongoing
further development. This operationalization requires transdisciplinary science and bridging and inte-
gration of science and policy making, in order to “co-operationalize” the planetary boundaries and co-
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produce relevant knowledge (Mauser et al. 2013). That mutual promotion of planetary boundary de-
velopment and operationalization should not be delayed any further, but should be initiated now for
various context and from there should be iteratively improved?2?

1.4.2 Operationalization of the planetary boundaries — a methodology?®

Since 2009 when the initial planetary boundary paper was published by Rockstrém et al. there has
been continued interest in the practical implications of the planetary boundaries framework and its
operationalization, by policy makers, civil society and the private sector. The planetary boundaries
framework provides an Earth system perspective, describing and quantifying large-scale environmen-
tal processes and limits. Operationalizing, accounting for and mainstreaming the planetary boundaries
can add value to policy and decision making. The fact that complex and often non-linear processes are
reduced to single numbers (boundaries) makes the planetary boundaries framework particularly at-
tractive, but also comes at a cost (potential over-simplification).

Policy making, environmental management or collective agency mostly occurs at the local to national
or regional level. Accordingly disaggregation, allocation and eventually also spatially explicit transla-
tion of the planetary boundaries are required for the respective context. The downscaled planetary
boundaries then can be accounted for, i.e. they can serve as benchmarks for environmental perfor-
mance, complementing local sustainability criteria and regulations from an Earth system perspective.
The global number of the respective planetary boundary (e.g. 4000 km3 of consumptive freshwater
use per year in the case of the water boundary) or the global pathway to stay within the safe operating
space (e.g. reduction of global net CO; emissions to zero in the second half of the century for the cli-
mate change boundary) need to be disaggregated and allocated among all nations and individuals.

Allocation of limited global common goods or resources or burden sharing among nations, invariably
raises normative or ethical issues and discussions about criteria to be applied. This normative and po-
litical discussion is well underway for the climate change boundary (in the context of the UNFCCC), but
has yet to take place for other planetary boundaries. For example: should all 7.4 billion people on
Earth have the same rights to resources and responsibilities and obligations to reduce environmental
impacts? Or are there minimum safe standards of human well-being and human securities that have to
be achieved first (in particular for the poorest), before any equal-per-capita (or other) allocation
schemes for planetary boundaries can be implemented? What exactly does the right to development
for the poor entail and how does it constrain or determine international resources and burden sharing
schemes? What about the historic responsibility of industrialized countries, which often over many
years have used much more than their fair share, in order to sustain their rapid development and high
consumption levels: do they still have the same future per-capita rights as the less developed countries
with their much lower per-capita historic and current use? Should national (e.g. land and water) re-
source endowments, which vary widely among countries, play a role in allocating the safe operating
space for the respective boundary? These and other normative questions on the roles, rights and re-
sponsibilities of different countries, in terms pressures on planetary boundaries and potential plane-
tary boundary transgressions, have to be addressed jointly by scientists and other stakeholders when
downscaling, allocation and eventually operationalizing the planetary boundaries.

While it is unlikely that these issues will be resolved quickly, initial downscaling and allocation
schemes of the planetary boundaries can already be tested now - ideally based on existing accounting
schemes developed for other purposes -, so that indicative benchmarks become available, against

27 The constant mainstreaming of new scientific evidence into policy and decision making is also called adaptive governance
and management (Pahl Wostl 2007: Transitions towards adaptive management of water facing climate and global change,
Water Resources Management, 21, 49-62)

28 Methodology: a systematic analysis for understanding which method(s), or best practices can be applied (here for PB oper-
ationalization).
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which actual (e.g. national) environmental performance can be compared. Such initial, tentative opera-
tionalizations also provide feedback to the planetary boundary development itself, in terms of infor-
mation requirements of the user community. For such initial planetary boundary operationalization,
elements of a method begin to emerge, which need to be discussed broadly and then further devel-
oped, so they can eventually be used routinely and universally internationally. Important in this
method development for planetary boundary operationalization are the associated system bounda-
ries: a country’s environmental performance doesn’t end at the borders of its national territory, but it
encompasses also the external environmental pressures (“external footprints2°“) caused by its con-
sumption patterns elsewhere in the world, as transmitted through trade. This externalization of envi-
ronmental impacts and resource use (and pressure on planetary boundaries) proceeds rapidly with
globalization (e.g. UNEP IRP 2015)30. Growing external environmental footprints often compensate or
even over-compensate domestic environmental improvements, threatening the whole narrative of en-
vironmental Kuznets curves and of decoupling economic development from environmental pressures
and resource use (as in the Green Economy). Environmental pressures in many cases do not decrease,
but are instead externalized or “discounted over distance” (Daily et al. 1992). The sum of external and
internal footprints, and hence a countries full responsibility for planetary boundary transgression, can
be captured in the form of consumption-based footprints.

This chapter presents a methodology how to address these issues, identifying initial ele-ments of a
universal method for planetary boundary operationalization. In the following chapter (chapter 1.4.3)
the use of these elements is explored for Germany and Europe and illustrated for the climate and land
planetary boundaries.

Initial attempts of planetary boundary downscaling and allocation for specific contexts, e.g. by Nykvist
etal. (2013) for Sweden, Cole et al. (2014) for South Africa, Dearing et al. (2014) for China, Hoff et al.
(2014) for Europe and Dao et al. (2015) for Switzerland were largely inconsistent and used different
approaches and methods, which could not be generalized. Moreover by adapting the planetary bound-
aries to the respective local context, universality in some cases was lost, so that the methods and re-
sults could no longer be transferred and aggregated back to global level. Here we propose a more sys-
tematic method for planetary boundary operationalization, building on the Steffen et al. (2015) and
Hayha et al. (2016), which consists of the following elements:

» downscaling of the planetary boundary to the relevant scale

» adding temporal dynamics to the downscaling

» benchmarking of production-based environmental performance against the downscaled PB

» benchmarking of consumption-based environmental performance against the downscaled PB.

» mapping the results of PB downscaling and benchmarking onto relevant policy and environ-
mental management areas and integration with context-specific bottom-up sustainabil-ity cri-
teria

Below, these elements of a method for planetary boundary operationalization are described in more
detail, including their feasibility, limitations, uncertainties, data requirements, related ethical and nor-
mative issues etc.

29 Note that the term ,footprints” is used in literature in many different ways. For the purpose of this paper, foot-prints stand
for internal or external pressures on PBs or contributions to their transgression.

30 [nternational trade in resources.
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Note that these elements are not meant to be applied in a strict consecutive order. Eventually a
method for planetary boundary operationalization may rather apply these elements iteratively and in
variable order.

Element 1: downscaling of the planetary boundary, to the relevant scale

The single global planetary boundary values cannot be directly used in policy and decision making.
They need to be disaggregated, allocated and possibly also made spatially explicit, e.g. at national level.
The different planetary boundaries require somewhat different downscaling approaches and methods.
While all PBs have in common that they are systemic with reference to the Earth system, there are
some planetary boundaries which refer to a global common good or pool (e.g. the climate change
boundary), others which prescribe large-scale spatial patterns (e.g. the land-system change boundary),
and yet others which are defined by large-scale yet spatially explicit environmental impacts (e.g. the
nitrogen boundary).

Eventually, such normative, ethical or fairness criteria for top-down allocations of boundaries may be
applied individually or in different combinations. This will need a thorough assessment of the feasibil-
ity (e.g. in terms of available data or in terms of reaching international consensus) and implications of
each of these criteria. Initial explorations of such different allocation rules and schemes for Germany
are presented in chapter 1.4.3.

For those planetary boundaries that prescribe large-scale spatial patterns of resource use and/or
which are context-specific in their drivers and impacts, top-down allocation schemes need to be inte-
grated with bottom-up local sustainability criteria. An example for that is the land boundary, which
requires certain minimum fractions of remaining tropical, temperate and boreal forests, in order to
stay within the safe operating space. Such a pattern approach to planetary boundaries downscaling
may initially only be qualitative, until sufficient data become available. Similarly, the biosphere integ-
rity boundary accounts for spatial patterns or hotspots of biodiversity and critical species, with partic-
ular relevance for the resilience of the Earth system (not yet known). Also the aerosol boundary re-
quires spatially explicit downscaling and allocation patterns, as related e.g. to context-specific impacts
of boundary transgression on the stability of monsoon system.

For those planetary boundaries, which account for large-scale environmental impacts that reach be-
yond national level, as for example extended marine dead zones in the case of the nitrogen boundary,
integration of top-down allocations with context-specific bottom-up sustainability criteria may be re-
quired, e.g. specific environmental vulnerabilities or scarcities or co-risks. Examples for bottom-up cri-
teria may be the vulnerabilities of ecosystems, soils or groundwater to excessive nitrogen inputs, or
also the importance of key or endemic species in the case of the biosphere boundary. There is however
no experience yet with context-specific downscaling and integration with bottom-up criteria for any of
the planetary boundaries. The planetary boundary operationalization for South Africa (Cole et al.
2014) and for China (Dearing et al. 2014) was context-specific, but deviated significantly from the
original planetary boundary definitions, so that their methods and control variables are not general-
izable or transferrable to other countries. With that the universal applicability gets lost, which is es-
sential for ensuring that national contributions cumulatively remain within the global safe operating
space.

The climate change boundary, based on which the other boundaries and the planetary boundaries
framework have been developed, may provide some lessons also for other planetary boundaries and
for developing a general and universally applicable method for planetary boundary downscaling and
operationalization: while earlier climate agreements (in particular the Kyoto Protocol) were only
based on a top-down prescription of emission reductions for a certain group of countries, more re-
cently a complementary bottom-up approach has been agreed upon. The Paris Agreement is built
around Nationally Determined Contributions (NDCs) for all countries, which cumulatively must
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achieve the global emission reduction target (net zero emissions in the second half of the century) -
see e.g. Rogelj et al. (2016) or Schleussner et al. (2016). These NDCs are subject to periodic review in
order to establish a “ratchet up” mechanism which should en-sure that the global boundary (keeping
global warming well below 2°) is met. This experience with the climate change boundary may also in-
form the downscaling and allocation of the other planetary boundaries and the required negotiations
and agreements among countries (and related ethi-cal aspects). Eventually, Nationally Determined
Contributions (NDCs) need to be defined for other planetary boundaries as well, which cumulatively
have to comply with the respective safe operating space.

Beyond the climate experience, the SDG process and other multilateral environmental agreements
may also provide helpful insights into normative, ethical or fairness aspect of the country-specific op-
erationalization of universal goals and targets, possibly also in terms of follow up, monitoring and re-
view.

Element 1 of the proposed method, the disaggregation and spatially explicit allocation of planetary
boundaries to the scale of decision- and policy making (and also the following elements) requires joint
learning and co-development of the relevant knowledge. That process, which also includes normative
choices about allocating the safe operating space to individual countries, has to involve a broad range
of stakeholders, and requires underpinning with the latest available Earth system and sustainability
science. In chapter 1.4.3 we explore and present some initial downscaling results for Germany and Eu-
rope.

In summary, planetary boundary downscaling has been limited so far to uniform top-down ap-
proaches of equal allocation (either per capita or per area), with the exception of some initial explora-
tions of additional allocation rules for the climate change boundary. Other than that, neither normative
nor ethical allocation criteria which would differentiate among countries (common but differentiated
responsibility), nor spatial pattern approaches, nor context-specific bottom-up criteria have been ap-
plied to planetary boundary operationalization yet. Also, disaggregation below national level, to the
scale where environmental impacts (footprints) mostly play out, through integration of downscaled
planetary boundaries with context-specific local data has yet to happen.

Element 2: adding temporal dynamics to the downscaling

For some boundaries, in particular stock boundaries, their temporal dynamics can be important. For
flow boundaries on the other hand, temporal dynamics may be less relevant: the water or phosphorus
boundaries for example present constant rates year after year (4000 km3 of consumptive blue water
use per year, or 11 Teragram P flows into the oceans per year) which can be disaggregated and allo-
cated. Planetary boundaries that refer to a limited stock on the other hand, such as the climate change
boundary, may need to be downscaled temporally explicit. For example, the remaining total global
budget of CO; emissions, does not lend itself to even disaggregation and constant allocation over all
years to come. Instead, disaggregation and allocation, e.g. to national level, needs to be aligned with the
required global reduction pathway. Global emissions have to be reduced quickly, from the current
level to net zero emissions in the second half of the century. Accordingly, the sum of all national reduc-
tion pathways must remain within the dynamic global safe operating space.

Here again, different normative or equity or fairness criteria need to be tested, negotiated, and applied,
for allocating the global reduction obligations. The principle of equal per-capita allocations may pro-
vide a good starting point in this case too, but other normative, ethical and fairness criteria, as listed
above, will be required for operationalizing the planetary boundaries. Given the very different current
per capita emissions of the different countries, allocation criteria and schemes will have to result in
convergence pathways (see e.g. Meinshausen et al. 2015), with high emitting countries having to re-
duce their emissions much faster than the global average reduction rate, while least emitting countries
may still have some room for increas-ing their emissions.
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Another reason for including temporal dynamics in downscaling, are the planetary boundaries them-
selves as part of Earth system. Their dynamics and those of the whole Earth system depend on the in-
teractions among planetary boundaries (e.g. a change in total water availability due to land use change
or climate change). Also changes in population require dynamic planetary boundary downscaling: cur-
rently the planetary boundaries have to be allocated across 7.4 billion people, in future across 9 or 10
billion people. Another set of temporal dynamics comes into play when benchmarking environmental
per-formance against the planetary boundaries (see below), such as changes over time in life styles,
consumption patterns, technologies and resource intensities, all of which (together with population
dynamics) can change environmental performance. Lastly, also scientific knowledge and understand-
ing of the planetary boundaries and the Earth system context is evolving. Those dynamics also need to
be reflected when operationalizing the planetary boundaries by way of downscaling and benchmark-
ing.

While Earth system science is improving the knowledge base in terms of planetary boundary dynam-
ics, none of these dynamics have been accounted for yet in any planetary boundary downscaling exer-
cise. So far, only initial static snapshots in time have been produced. An exception is the study by Cole
et al. (2014) which begins to analyze the dynamics of planetary boundary control variables for South
Africa, showing an increase in almost all (locally adapted) control variables over the past 20 years, in-
dicating that South Africa is approaching and transgressing most downscaled planetary boundaries
over the past decade. In chapter 1.4.3 we explore for Germany and Europe the downscaling of tempo-
rally dynamic boundaries.

Eventually, for benchmarking environmental performance against downscaled planetary boundaries,
these temporal aspects have to be consistently addressed and included as relevant for the respective
boundary. However, until Earth system science has further assessed planetary boundary dynamics,
benchmarking remains mostly limited to static downscaling of the planetary boundaries.

Element 3: benchmarking of production-based environmental performance against the downscaled plan-
etary boundaries

Downscaled planetary boundaries can serve as benchmarks for actual environmental performance,
somewhat similar to the earlier “biocapacity” against which environmental footprints were bench-
marked (see WWF 2014). Benchmarking of environmental performance against the downscaled plan-
etary boundaries can inform countries or companies or consumers how well their actual or planned
policies, regulations or activities and the resulting current and future environmental footprints comply
with large (up to global) scale environmental goals, or to what extent they contribute to boundary
transgressions. The initial operationalization by Nykvist et al. (2013) compared the Swedish environ-
mental performance with the downscaled planetary boundaries, Dao et al. (2015) did so for Switzer-
land and Cole et al. (2014) for South Africa. Production-based (or territorial) benchmarking only looks
at resource use and environmental impacts within the national territory. It uses available national en-
vironmental data or projections, primarily from statistical offices (e.g. DESTATIS and UBA in the case
of Germany) that describe the internal environmental pressures (or internal footprints) within the na-
tional boundaries and com-pares those to the downscaled planetary boundaries. For that, environ-
mental data need to be (made) con-sistent with the respective planetary boundary.

For some of the planetary boudaries the required national statistical data for measuring and monitor-
ing environmental performance are already available, as for example CO; emissions in the case of the
climate change boundary or anthropogenic nitrogen fixation (nitrogen boundary) or freshwater use
(water boundary). For other planetary boundaries the required data are lacking, e.g. biodiversity in-
tactness or species extinction rates (biosphere boundary) or not in the right format. In that case itera-
tive harmonization of national environmental data and planetary boundary control variables may be
required (but the universality and global comparability of the control variable used must be ensured).
For yet other planetary boundaries, the metrics or control variables haven’t been fully developed, as
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for the novel entities planetary boundary. As explained above, most planetary boundaries in principle
require the integration of top-down disaggregation and allocation of global values with bottom-up
context-specific local data and sustainability criteria, accounting e.g. for specific drivers, environmen-
tal vulnerabilities or resource scarcities. Once those integrated top-down bottom-up approaches for
context-specific planetary boundary downscaling become available, benchmarking should be done
against those. For the moment however, environmental performance can only be benchmarked
against uniformly downscaled and mostly static planetary boundaries.

Similarly, once the different normative or ethical criteria for planetary boundary downscaling (see
above) are further elaborated, benchmarking can take place against a broader range of downscaling
results representative of the different criteria, rather than single downscaling results that are limited
to equal-per-capita (or per-area) downscaling. An initial example has been given by Dao et al. (2015)
for Switzerland, which currently exceeds its allowable share of CO; emissions by a factor of 8. This fac-
tor increases to 23, when accounting for (some of) Switzer-land’s cumulative past emissions. This is
due to the fact that Swiss (and generally European) past contributions to global emissions have been
much higher than nowadays.

Temporal dynamics are not only important in terms of the planetary boundaries themselves, as ex-
plained above, but also in terms of environmental performance. In order to account for these tem-
poral dynamics, future projections of environmental performance can be derived e.g. from extrapolat-
ing current trends or from model simulations, but also from assessing the likely effectiveness of new
environmental (or other) strategies, policies and legislation.

In chapter 1.4.3 we explore for Germany and the EU options for benchmarking actual environ-mental
performance against the downscaled planetary boundaries.

In conclusion, benchmarking of national environmental performance (or targets and indica-tors such
as those defined in the German Sustainable Development Strategy or in the European Environment
Action Program) against planetary boundaries requires further improvements in planetary boundary
downscaling and in the national environmental performance measures. The latter depend on further
harmoni-zation of environmental data with the respective planetary boundaries, including time series
and projections into the future. Eventually local context information that is relevant for the resulting
environ-mental impacts (such as vulnerability or degradation status of land, water or ecosystems,
scarcity of resources or hotspots of biodiversity and endemism) also needs to become part of the
benchmarking. However, these challenges should not prevent initial benchmarking exercises based on
the currently available data and information. Any such initial benchmarking exercise can help to an-
chor large scale and global environmental sustainability criteria, as represented by the planetary
boundaries in national policy- and decision-making and at the same time can help to build a commu-
nity of practice on planetary boundary downscaling and benchmarking.

Benchmarking of consumption-based environmental performance (against downscaled planetary
boundaries) goes further than production-based benchmarking, by also taking into account external
environmental pressures or resource use in other countries and regions, as caused by national con-
sumption and externalized via international production chains and trade. While production-based
(territorial) benchmarking only compares environmental pressures that occur within the respective
country to the downscaled planetary boundaries, a consumption-based approach includes the full in-
ternal and external environmental pressures related to the country’s total consumption of goods and
services.

By including the external impacts, a country’s contribution to and responsibility for planetary bound-
ary transgression can be more comprehensively assessed, compared to production-based benchmark-
ing. That also enables a more meaningful comparison among countries of per-capita contributions to
planetary boundary transgression, irrespective of where (domestically or externally) the pressure on
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the planetary boundary is exerted. Furthermore, tracing resource use and environmental impacts back
to those external locations from which Germany imports its commodities, will eventually allow to bet-
ter specify the consequences for Earth system functioning, which for some planetary boundaries de-
pend on the location where the pressure is exerted (e.g. land use change in Brazil has a different effect
on the global climate and Earth system than if the same size area is subject to land use change in Ger-
many). Lastly, making external pressures on planetary boundaries and the related external footprints
spatially explicit also facilitates the integration of local-to-national-to-regional-to-global environmen-
tal sustainability criteria and with that the integration of bottom-up and top-down approaches to sus-
tainability transitions.

The difference between a production-based and a consumption-based perspective is visualized in the
following figure:

Figure 42: Production-based vs. consumption-based perspective (after Wilting et al. 201531)
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Note that the consumption-based approach excludes domestic (territorial) environmental pressures
related to the production of export commodities - see lower box in Figure 42. These pressures are al-
located to the country to which these products are exported and in which they are eventually con-
sumed.

While environmental policies and environmental management are still mostly limited to do-mestic
(territorial) environmental pressures, globalization is causing a rapid externalization of these pres-
sures to other countries and regions. Germany and Europe in particular are large importers of agricul-
tural products and have in fact become net importers of agricultural products over the past decades
(Lugschitz et al. 2011, von Witzke and Noleppa 2010). Germany alone is the third largest importer
globally, e.g. importing large amounts of feedstock from Latin America. Accordingly, external environ-
mental footprints are growing rapidly, in absolute terms and relative to internal footprints.
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The calculation of consumption-based environmental performance or footprints requires a thorough
understanding and quantification of increasingly more complex and longer supply chains and the at-
tribution of trade-related external environmental pressures all along those chains. This is a major con-
ceptual, methodological and data challenge, as vividly illustrated by the current 7th Environment Ac-
tion Program of the European Union. Despite its title “Living well within the limits of our planet”, the
program almost exclusively addresses environ-mental and sustainability issues within the EU and its
member countries, except for a couple of paragraphs at the very end of the document. This is largely
due to a (perceived) lack of a consistent applicable framework with associated reliable and consistent
data for a global consumption-based approach. The next (8th) Environment Action Program of the EU
will certainly pay much more attention to the “limits of our planet”.

The standard tools for analyzing supply chains and for calculating consumption-based pressures are
environmentally extended Multi-Regional Input-Output (MRIO) models and Physical Flow Accounting
(MFA), see e.g. Tukker et al. (2009) , Wiedmann and Barrett (2013) or Schaffartzik et al. (2014) . MRIO
analysis is based on financial interactions between coun-tries and economic and industrial sectors in
combination with physical data and environmen-tal extensions, capturing the full global supply chains
including all international flows and processing steps of raw and processed commodities. With that,
MRIOs go beyond previous analyses of bilateral trade data, which cannot account for indirect or em-
bedded flows of “virtual” commodities (commodities and underlying resource inputs which are used
along the supply chain without physically entering the importing country) nor for re-exports of im-
ported commodities. Environmental extensions (also called “satellite accounts”) of MRIO models asso-
ciate these commodity flows e.g. with land or water or nitrogen use or CO, emissions.

While MRIO analysis starts from the consumer end of the supply chain tracing back all consumed
goods and services through all processing steps to the countries of origin of the primary inputs, physi-
cal flow accounting starts from the production end. It physically follows the flows of commodities
along the trade chain. Consumption-based resource use and environmental impacts can be calculated
by combining physical flow accounting with input and conversion factors of resources, throughout the
different processing steps to all the way to the consumable products. While MRIO approaches are lim-
ited in resolving industrial sectors and countries and often also in temporal coverage and resolution,
physical flow accounting methods suffer from truncation of the supply chain or limited system bound-
aries.

These tools are increasingly applied for tracing flows of commodities with international trade and
their associated external environmental footprints and total (internal + external) environmental per-
formance. Consumption-based environmental performances of countries have been calculated e.g. for
climate by Peters et al. (2011), for water by Lenzen et al. (2013), for land by Bruckner et al. (2012)32,
for biodiversity by Moran et al. (2016) and for nitrogen by Oita et al. (2016). Some of the MRIO models
now also begin to address socio-economic external footprints, enabling an integration of environmen-
tal and socio-economic sustainability criteria.

The initial assessment of consumption-based footprints for Sweden (Nykvist et al. 2013), Switzerland
(Frischknecht et al. 2014 and Dao et al. 2015) and Europe (Hoff et al. 2014) point towards significant
(and growing) externalization of environmental pressures, while domestic (territorial) pressures tend
to slightly decline. That means also that domestic improvements (“decoupling of environmental pres-
sure and resource use from economic devel-opment”) are compensated or even over-compensated by
increasing external footprints.

Frischknecht et al. (2014) calculated for Switzerland, where more than half of the environmental foot-
prints occur outside of the country, that the external carbon and nitrogen foot-prints (caused by Swiss

32 Data made available on request to researchers by SERI, Vienna.
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consumption) have grown by 56% and 57% respectively over the past 20 years, while the internal
footprints have decreased by 17% and 6% respectively in the same period.

Consumption-based benchmarking for planetary boundary operationalization is not only relevant for
policy making (accounting for externalized environmental pressures in national - e.g. trade and agri-
cultural - policies), but also for environmental management by the private sector, e.g. for transnational
companies and their international supply chains, or for consumers and their consumption patterns. At
the same time, the more complete assessment of a country’s environmental performance relative to
the planetary boundaries also enlarges the opportunities for staying within the safe operating space.

Consumption-based footprints, e.g. for carbon, land, water or nitrogen are increasingly becoming
available in scientific literature. However, they have not yet been used for bench-marking environmen-
tal performance against the planetary boundaries, due to methodological and data limitations. They
also raise questions about attribution along the production-to-consumption chain, e.g.: is only the con-
suming country with its consumption level and externalization of production responsible for boundary
transgression, or also the producing country with its choice of production method and the associated
resource intensity and environmental impacts?

In any case, available studies already provide a wealth of consumption-based data and information,
which can be used for initial benchmarking and planetary boundary operationalization exercises. By
undertaking and coordinating such exercises in different countries, a community of prac-tice can be
developed, eventually developing a harmonized universal method (and data-base) for planetary
boundary operationalization.

Element 5: mapping the results of planetary boundary downscaling and benchmarking onto relevant pol-
icy and environmental management areas and integra-tion with context-specific bottom-up sustainabil-
ity criteria

There is a wide range of policy and environmental management areas, for which the planetary bound-
aries as large-scale environmental benchmarks may be relevant. While the planetary boundaries do
not provide path-ways or even tools for sustainability transitions (transitions e.g. in the energy or agri-
cultural sector or economy-wide), they can motivate, inform and concretize the integration of large-
scale and global (and often also long-term) sustainability criteria into strategies, policies, indicators
and activities.

The relevance of the planetary boundary framework and the potential of each of the planetary bound-
aries to add value to existing or new regulations, policies and strategies need to be assessed, before
any attempt is made to downscale them. That assessment, and eventually also the operationalization
of the planetary boundaries have to be jointly undertaken by scientists and other stakeholders. Only
then can the planetary boundaries gain the required legitimacy and relevance, while at the same time
maintaining their scientific basis and accuracy.

Moreover, the planetary boundary framework is risk-based, with guardrails set at safe distance from
critical thresholds. The definition of acceptable risks (but also the definition of fair criteria for plane-
tary boundary downscaling) is a normative process, which also requires cooperation between scien-
tists policy makers and other stakeholders, or co-design and co-development of relevant knowledge

(Mauser et al. 2013).

The integration of large-scale with local to national-scale sustainability criteria can support vertical
policy coherence (across scales). At the same time the systemic nature of the planetary boundaries
(emphasizing cross-planetary boundary interlinkages throughout the Earth system) can support hori-
zontal policy coherence across sectors. With that, the planetary boundaries may eventually also en-
hance coherence (and reduce tradeoffs) between different environmental, sustainability and other pol-
icies such as in climate, energy, agriculture, economy, trade or development cooperation.

159




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

Planetary boundaries can also help to pro-actively assess new and planned strategies, policies, legisla-
tion and targets, by specifying the global context and providing benchmarks, against which to compare
the expected environmental effects of the new initiatives. That type of “planetary boundary proofing”
can increase the compatibility of national and regional initiatives with international regimes and tar-
gets. An initial example has been provided by Hoff et al. (2017), who compared existing and newly pro-
posed nitrogen targets for Germany and Europe to the downscaled N-boundary, and found none of
them to be sufficiently ambitious to meet the (downscaled) global nitrogen target.

Another entry point for planetary boundary operationalization is the Agenda 2030. The SDGs con-
tained in Agenda 2030 are by definition universal and hence their implementation in one country must
not compromise sustainability in other countries, nor global sustainability. The draft of Germany’s
new Sustainable Development Strategy (from May 2016) reflects that by stating that “our consump-
tion patterns do not sufficiently account for planetary boundaries”, and that “sustainable consumption
and production would have to meet the needs of current and future generations, considering planetary
boundaries....” with “countries like Germany having a strong responsibility for the economic, environ-
mental and social effects of international trade” (own translation). The planetary boundary framework
and its operationalization can concretize and scientifically underpin and quantify this international
and global responsibility and the implications for national level SDG implementation.

For achieving sustainability transitions, planetary boundary operationalization must also be inte-
grated with socio-economic targets (see Raworth 2012, Cole et al. 2014 for South Africa and Dearing et
al. 2014 for China) and with concrete approaches and interventions for sustainable development, such
as improvements in resource efficiency, innovative production systems, demand management and suf-
ficiency, new economic models, environmental justice etc.

Figure 43: Co-development within a safe and just space as delimited by environmental and socio-
economic sustainability criteria, from Leach et al. (2013)
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Given the temporal dynamics of the planetary boundaries and environmental performance, as dis-
cussed before, and the constantly evolving scientific knowledge, there is a need for adaptive manage-
ment and governance when operationalizing the planetary boundaries. Accordingly, Galaz (2012) calls
the PBs “a bid to reform environmental governance at multiple scales”.

While Earth system science can reduce the uncertainties inherent in the planetary boundary frame-
work, and with that better inform policy targets so they better meet the planetary boundaries, an addi-
tional and persistent limiting factor for sustainable development is the typical policy implementation
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gap. Implementation gaps frequently increase the distance between actual environmental perfor-
mance and the required sustainability targets. Figure 44 depicts national and international implemen-
tation gaps and the resulting distance from the planetary boundary and the safe operating space (de-
picted in green). Note that the “implementation gap” also includes policy failure.

Figure 44: Actual environmental performance vs. PB and safe operating space, from Hoff et al.
2014
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1.4.3 Initial exploration and illustration of this methodology for Germany and the EU

This chapter begins to explore, what the proposed elements of a universal methodology for planetary
boundary operationalization would mean, if applied to Germany and the EU for the climate and land
system change (and nitrogen) boundaries. This initial exploration can only address a few of those cri-
teria for downscaling and benchmarking mentioned above. Focus will be on equal-per-capita
downscaling for 80 / 500 million citizens of Germany / the EU which resemble about 1% / 7% respec-
tively of the global population of 7.4 billion.

The three boundaries i) climate change, ii) land system change and iii) nitrogen (biogeo-chemical
flows), represent three main types of planetary boundaries, i.e. i) a boundary that refers to a global
common such as the atmosphere or climate, ii) a boundary which specifies large-scale spa-tial patterns
relevant for the Earth system functioning, and iii) a boundary which is defined by its large (> national
level) impacts as well as interactions with other global processes, in particular other biogeochemical
cycles. The climate and land system change boundaries at the same time represent the two “core
boundaries” according to Steffen et al. (2015), which are most strongly interlinked with all other plan-
etary boundaries.

Previous attempts to assess Germany’s performance relative to global boundaries, found significant
transgression, as for example Germany’s ecological footprint of 5.3 global hec-tares per capita, which
exceeds the available global biocapacity of 2.3 ha per capita by more than 130% (WWF 2014) . Our ini-
tial exploration of Germany’s and the EU’s environmental performance relative to the downscaled
planetary boundaries finds similar transgressions, even in cases where the global boundary itself is
only slightly exceeded (such as in the case of the land boundary). According to these initial explora-
tions, any positive trends, i.e. decreasing pressure on planetary boundaries, are limited to the territo-
rial performance of Germany or Europe. Increasing externalization of pressure on planetary bounda-
ries through trade (over-) compensates these improvements. Total consumption-based environmental
performance is not improving.

Below the climate and land boundaries are explored in more detail, using the elements of a general
method for planetary boundary operationalization described in section 2 of this paper.
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Planetary boundary climate

CO3, once emitted, stays in the atmosphere for a long time, effectively forever, when seen from a pol-
icy-making perspective. Accordingly, global cumulative emissions budgets can be determined for any
selected global warming limit (Allen et al. 2009). That also means, that stabilizing atmospheric CO-
concentrations (at any level) eventually requires net emissions close to zero. The climate planetary
boundary has been set by Rockstrom et al. (2009, confirmed by Steffen et al. 2015a) to an atmospheric
CO; concentration of 350 - 450 ppm, with 350 ppm setting a very strict precautionary limit for safely
staying below 2° warming. That boundary value and also the second control variable of the climate
planetary boundary (a radiative forcing of 1 W/m2, which may be consistent with the 1.50C warming
target) are already transgressed.

More recent publications have specified remaining global CO, emission budgets, which would likely
keep warming below 2° (1000 Gt CO; emissions) or even below 1.5° warming with a 66%/50%/33%
chance (400 / 550 / 850 Gt CO2 emissions, IPCC 2014a)33. Given the persistently high and even further
increasing global CO; emissions, these remaining budgets will also be used up very quickly, i.e. within
a few years, unless emission rates drop rapidly. Accordingly, emission reduction pathways need to be
specified, which start from the current high emission levels and bring net emissions down to zero at
latest in the second half of this century. Negative emissions are integral part of these pathways, in or-
der to compensate for the quasi unavoidable overshoot in the near term future.

Our initial explorations and applications of the elements presented above for a universal method for
PB operationalization for Germany and the EU indicate that3+:

German and EU per-capita CO, emissions are above the global average, by about 100% (Germany) and
by about 50% (EU) from a production-based (territorial) perspective, and even more so from a con-
sumption-based perspective.

While production-based (territorial) CO; emissions have decreased over the past 2-3 dec-ades, exter-
nalized emissions in other countries as caused by Germany'’s / the EU’s con-sumption and imports,
have increased and (over-) compensated the domestic progress.

The EU’s consumption-based carbon footprints currently are about 10-20% higher than production-
based (territorial) footprints.

Depending on the selected climate target and criteria for allocating the global emission budget, Ger-
man and EU emissions need to be reduced by about 50-90% by 2030 compared to 1990 (while the
current EU target stands at -40% reduction). This would have required an emission reduction rate of
about 2-5% per year since 1990, while the actual annual rate was only in the order of 1%. Accordingly
much higher annual reduction rates of up to 10% are required from now on, in order not to transgress
the global climate change boundary.

Planetary boundary climate, element 1 - downscaling of the PB to the relevant scale

Element 1 of the methodology - disaggregation and spatially explicit allocation of the remaining global
emissions budget if done statically without referring to the required global emission reduction path-
way - is a rather impractical approach for the climate change planetary boundary. However, it does
reveal some information about countries’ contributions to and responsibilities for planetary boundary
transgression.

33 note that other GHG are not taken into account here, because of their generally shorter lifetime (“short lived climate forc-
ers), which makes it difficult to consistently integrate them in a joint budget with CO2. However, emissions of these other
GHG need to be reduced simultaneously, which may in fact generate a number of co-benefits.

34 more detailed description follows below
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The static downscaling by Nykvist et al. (2013) started from a remaining total global budget of about
1450 Gt CO: for likely staying below 2° warming, which they spread out equally across the 21st cen-
tury and across a constant world population of 7 billion people. From that they calculated an allow-
ance of 2 tons per capita and year for the rest of the century.

The more recently calculated global budgets of about 500 - 1000 Gt CO (for staying below 2° or even
1.5 ° warming, [PCC 2014a), if equally allocated over all 7.4 billion people, would results in remaining
per capita emissions of about 70-130 tons CO; (own calculations, Peters et al. 2015). At the current av-
erage emission levels of the EU (about 7 tons per capita and year) the remaining budget will be used
up in about 10-20 years. At the current emission level of Germany (about 10 tons per capita and year)
this remaining budget will be used up in 7-13 year. As will be shown below, Germany’s consumption-
based per-capita emissions are currently in the order of 12 tons per year, which further shrinks the
remaining time until the national allocation of the global budget is used up to about 6-11 years. Simi-
larly, Dao et al. (2015) calculated that the Swiss budget would be used up in about 5 years.

The above calculations are based on equal per-capita allocations of the global budget. There are also
other allocation criteria. These will be explored in element 2 of the method (below).

PB climate, element 2 - adding temporal dynamics to the downscaling

Element 2 of the methodology, adding temporal dynamics to planetary boundary downscaling, can be
related in the case of the climate change boundary to the goal of reducing global net GHG emissions to
zero, sometime in the 2nd half of the century, in order to stay well below 2° warming (Paris Agree-
ment). Possible global emission reduction pathways for achieving this goal have been explored e.g. by
Rogelj et al. (2016). Meinshausen et al. (2015) and other authors (e.g. Steininger et al. 2015) discussed
different principles for “fair” downscaling and allocating this (dynamic) global goal to individual coun-
tries:

1) equal per capita allocation across currently 7.4 billion people, also accounting for the future in-
crease in population

2) a so-called “grandfathering” (or inertia) approach, according to which current per-capita emission
levels determine a country’s allowed fraction of the remaining global budget

3) a combination of 1 and 2 which would result in a convergence of all countries’ per-capita emissions

4) a “corrective justice” approach according to which countries with historically high per-capita emis-
sions would have higher emission reduction obligations than countries with lower historical “debt” (as
proposed for example by Brazil)

5) least cost approaches, which concentrate emission reductions to those locations where they can be
achieved at least cost (e.g. Tavoni et al. 2014, van Vuuren et al. 2016 )

These and other allocation option or “common but differentiated responsibility” (including for exam-
ple the right to development of the capacity to reduce emissions, see e.g. Pauw et al. 2014) will in-
creasingly rely on renewable energy and also carbon sequestration and stor-age.

In terms of Europe’s historically very high emissions, the GCP (2015) shows that the EU 28, while host-
ing about 7% of the global population is currently responsible for more than 10% of CO; emissions,
and has contributed 23% of global historic emissions (Peters et al. 2015).

Accordingly, Meinshausen et al. (2015) suggest that industrialized countries like Germany could take a
leadership role. For Germany they suggest emission reduction by 2030 of about -50% to -90%, de-
pending on the “fair” allocation chosen.

Raupach et al. (2014) calculated Europe’s required emission reduction rates to -6% to -2% per year
(for a remaining total CO; emissions budget of 1400 Gt to stay below 2° warming with a 50% chance).
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For a stricter climate target, e.g. meeting the 1.5° target (and remaining global CO; emissions of 550
Gt) the annual emission reduction rates would accordingly have to be much higher, up to -10% emis-
sion reductions per year. Comparing this to current and past rates of about -1% shows the challenge to
remain within the Earth’s safe operating space. The probable overshoot of the remaining emissions
budgets in the near term future will need to be compensated by negative net emissions later in the
21st century.

Figure 45 shows stylized possible emission reduction pathways for different world regions (based on
remaining total global CO; emissions of almost 2000 GtC for the 21st century as calculated at that
time). The required reduction rates depend on the current per-capita emission levels. OECD (western)
and eastern Europe are the regions that have the highest per-capita emissions (after North America)
and hence require most drastic emission reductions. Possible negative net emissions in the 2nd half of
the century would compensate for the probable overshoot in the near term future and also for the high
historic emission rates, due to early industrialization and long-standing high living standards.

Figure 45: Stylized emission reduction pathways for different world regions, from Den Elzen et al.
(2003)
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Plentary boundary climate, element 3 - benchmarking of production-based environmental performance
against the downscaled PB

Static territorial benchmarking shows that current per-capita emission rates for Germany are 10 tons
and for the EU about 7 tons of CO; per year (compared to a global average of 5 tons), according to Le
Quéré etal. (2015).

A dynamic approach to territorial (production-based) benchmarking of environmental performance
against the downscaled global climate change boundary, can use national or Euro-pean CO; emission
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statistics: for Germany reduction emissions of 27.7% (CO2 eq35) have been reported for the period
1990 - 2014, which equals an average rate of slightly more than 1% per year. Most of that reduction
has been achieved in the 1990s (after reunification), the annual rate in the 2000s has been even less
than 1% (UBA 2016b). Achieving Germany’s emission reductions targets of -40% until 2020, -55% un-
til 2030, -70% until 2040 and -80% to -95% until 2050 (relative to 1990), would from now on (2016)
require emission reduction rates of -4% to -8% per year.

EU-wide annual emission reductions have had almost exactly an average annual rate of -1%, with a
total reduction of -20% between 1990 and 2013 (CO: equivalents), EEA (2016). In order to reach the
EU’s target of -40% by 2030, from now on an annual reduction rate of almost -2% per year would be
required. In order to reach the emission reductions of -50% to -90% (by 2030) as calculated from
downscaled global emission reduction pathways (see above), much higher reduction rates of up to -
10% per year would be required from now on.

Planetary boundary climate, element 4 - benchmarking of consumption-based environmental perfor-
mance against the downscaled planetary boundary

The production-based benchmarking, as discussed in the previous section, does not reflect the full Ger-
man or European responsibility to the transgression of the global climate change boundary. It misses
the growing externalization of CO, emissions via trade. Wiebe et al. (2012) showed that Germany’s net
carbon emissions have increased by about 50% between 1995 and 2005, with Germany having be-
come the third largest net carbon importer globally.

Tukker et al. (2014), using the Exiobase MRIO model show that Europe’s consumption-based carbon
footprints amount to about 7.7 Gt per year (CO; equivalents), of which 1.6 Gt are associated with net
imports, i.e. these 1.6 tons are not accounted for in production-based (territorial) footprints. In other
words: more than 20% of Europe’s pressure on the global climate change boundary has been external-
ized and occurs outside of Europe. For Germany they calculate, that about 12% of the total carbon
footprint (in terms of CO; equivalents) are net imports.

Hoff et al. (2014) compare production-based (blue bars in Figure 46) and consumption-based (green
bars) per capita CO; footprints. They find that Germany’s consumption-based CO; footprint exceeds
the production-based footprint by more than 20%.

35 Note that COz equivalents are not fully comparable with COz itself. Currently about 75% of total GHG emissions (expressed
in COz eq) are COz, the remainder are other often short lived climate forcers
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Figure 46: Annual per capita CO2 emissions (blue: production-based, green: consumption-based),
from Hoff et al. (2014). Black line: global average per capita CO2 emissions, red line: al-
lowable per-capita emissions according to Nykvist et al. (2013), CDIAC (2012)
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UBA (2016b) come to a different conclusion, that Germany’s consumption-based CO; foot-print is 10%
lower than the production-based footprint.

The trend of increasing external CO; footprints (over-) compensating domestic improvements has
been demonstrated for Switzerland by Dao et al. (2015). They show that Swiss domestic CO, emission
reductions of about -17% over the last 15 years, have been counter-acted by much larger increases in
Swiss external CO, emissions, so that the total Swiss consumption-based CO; footprint has increased
over that period by +7%.

Figure 47: Comparison of Europe’s consumption-based, production-based and historical contribu-
tion to total CO, emissions — Europe is shown in blue (orange: China, green: US, purple:
India, grey: all others), GCP (2015)

100%
90%
80%
70%
60%
50% 1
40%

30%

20%

Proportion of global total

10%

0%

Cumulative Production Consumption
1751-2013 2013 2013

Source: GCP (2015)

166




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

When accounting for the growing externalization of CO; emissions related to Germany’s and the EU’s
consumption and trade and with that for the full responsibility for transgressing the global climate
change boundary, the emission reductions discussed in the previous section need to be even higher.
However, both consumption-based and production-based bench-marking yields important (comple-
mentary) information for environmental and other policy making.

Planetary boundary climate, element 5: mapping the results of planetary boundary downscaling and
benchmarking onto relevant policy and environmental management areas

The initial exploration of the above methodology for downscaling the climate planetary boundary (or
more generally: the global boundary for climate change as further elaborated in recent scientific litera-
ture) and benchmarking actual environmental performance (CO; emissions and emis-sion reduction
rates) against the downscaled planetary boundary, would, if adopted, have severe implications for pol-
icy making at all levels and across all sectors: rapid decarbonization of all sectors will be necessary to
meet the downscaled global emission reduction trajectories. This concerns not only the environment,
energy and transport sectors, but also a broad range of others such as agriculture, land use, house-
holds, sustainable production and consumption and also those sectors responsible for external CO>
emissions, such as industry, trade and development cooperation.

Accounting for externalized CO; emission on top of the already the very high internal (territorial)
emissions, and possibly also for the high cumulative historic emissions and for the right to develop-
ment of the poor, Germany’s emissions have to shrink quickly by about a factor of 10 and net emis-
sions have to be zero in the second half of the century.

Planetary boundary land

The land boundary has been set in view of the fact that land use is globally affecting ecosystem func-
tions, threatening biodiversity, and undermining the Earth system’s regulatory capacity through
changing climate and the hydrological and other biogeochemical cycles (Rockstréom et al. 2009, Steffen
et al. 2015a). The land planetary boundary was originally defined by the fraction of land that could be
converted to cropland, setting the boundary to < 15% of global ice-free land surface. An estimated
12% of the global land surface is under crop cultivation (Foley et al. 2005). Steffen et al. (2015) shifted
the focus of the land boundary from biodiversity and ecosystems (link to biosphere integrity bound-
ary) more towards the biophysical processes that regulate climate as well as terrestrial carbon storage
and other biogeochemical cycles. As new control variable they chose the fraction of original forest
cover remaining. With that the land planetary boundary begins to account for spatial patterns and con-
text by differentiating the three main forest biomes: tropical, temperate, and boreal forests. Tropical
forests affect the global climate system primarily via evapotranspiration and related fluxes of moisture
and latent heat between land and atmosphere, whereas boreal forests are particularly important in
terms albedo and radiation. Thereby forest cover changes (mostly deforestation) affect regional en-
ergy exchanges as well as terrestrial carbon storage. Both of these forest biomes have strong telecon-
nections. The biome-level boundary for tropical and boreal forests was set to a remaining fraction of
>85% of natural forest cover, and to = 50% for temperate forests - assuming these temperate forests
would play a smaller role in the energy system.

Initial exploration of the elements for planetary boundary operationalization, which have been de-
scribed above, indicate that:

The new land boundary (275% of total remaining forest cover) has not only been trans-gressed glob-
ally, with about 62% of original forest cover remaining, but also at the German level (34% of natural
forest cover remaining) and at the European level (43% of original for-est cover remaining), despite
the rather low boundary for temperate forests.
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Many EU countries have high per-capita land use, with a consumption-based land footprints much
higher than production-based footprints and largely above global average. Given the large net imports
of agricultural commodities and biomass of Germany and the EU, they strongly externalize land use.
Currently about the same amount of agricultural land is used outside of Germany and the EU as within,
for producing goods and services for final consumption in Germany / the EU. Reductions in cropland
use within Europe (and pressures on the planetary boundary land) are compensated by growing im-
ports of virtual land from other world regions.

Forest cover is slightly increasing in Germany and in the EU. All of the EU‘s consumption-based defor-
estation occurs outside of the EU, with the EU being responsible for 10% of total trade-related defor-
estation.

Different from the climate change boundary where all CO; emissions contribute to the same global
pool (the atmosphere), drivers of land use change are very context-specific and criteria for sustainable
land use at local and national level may be quite different from those represented by the planetary
boundary land.

Given that no downscaling and benchmarking has been reported yet in literature for the new-ly de-
fined land planetary boundary (minimum fraction of natural forest cover remaining), the following
section still largely refers to the old / original land boundary definition of maximum cropland fraction
of total land area.

Planetary boundary land, element 1 - downscaling of the planetary boundary to the relevant scale

Element 1 of the planetary boundary operationalization, downscaling of the global value, according to
the old land boundary requires cropland not to exceed 15% of total ice free land, and according to the
new boundary requires a remaining fraction of more than 50% of the original forest cover.

As for the climate change boundary, different “fair” allocations of the global boundary can be defined.
Bringezu et al. (2012) argue that despite differences e.g. in development status, technical capability,
land endowment, land use efficiency and climate, equal per capita targets (consumption-based) seem
to be the most feasible option for operationalizing the planetary boundary land, also to prevent prob-
lem shifting e.g. between food, biofuel and other biomass production

Planetary boundary land, element 2 - adding temporal dynamics to the downscaling

Different from the climate change boundary, the land boundary does not represent a budget which will
be depleted at some stage, but instead a flow boundary. If land is managed well, the land area available
for agriculture and other uses remains constant and available year after year.

Planetary boundary land, element 3 - benchmarking of production-based environmental performance
against the downscaled planetary boundary

The old / original land boundary of less than 15% cropland of total land area has been significantly
transgressed for Germany (33% cropland according to DESTATIS) and the EU (24.7% cropland ac-
cording to Eurostat, ranging from 4.3% in Sweden to 48.5% in Denmark). v

Planetary boundary land, element 4 - benchmarking of consumption-based environmental performance
against the downscaled planetary boundary

The increasing externalization of consumption-related pressures (through trade) is a key issue for the
land boundary, even more so than for the climate change boundary. Germany and the EU are large net
importers of agricultural commodities and biomass and hence strongly depend on agricultural produc-
tion in other regions (e.g. soy from South America, palm oil from South East Asia or coffee and cocoa
from Sub-Saharan Africa). Globalization causes trade with biomass-based products to grow much
faster (at 4% annually between 1960 and 2010 - FAOSTAT) than their production (growing at 2% per
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year - FAOSTAT). Europe’s net virtual land imports36 with agricultural commodities follow this trend
and have increased between 2000 and 2008 by about 10 million ha, from 25 to 35 million ha (exclud-
ing grassland), an area equivalent to the size of Germany (von Witzke and Noleppa 2010). Kastner et
al. (2014) found that in the EU-15 the cropland area decreased (from around 70 Mha to 60 Mha),
whereas consumption has stayed quite stable, so that imports of virtual land accordingly had to in-
crease (from around 35 Mha to around 45 Mha).

Initial consumption-based benchmarking of land use against the downscaled planetary boundary land
has been enabled by multi-regional input-output models and physical flow analysis methods. Yu et al.
(2013) found that more than 50% of land use for the EU’s consumption occurs out-side of the EU, by
appropriating for example 23% of Argentinian cropland or 20% or Brazilian cropland.

Similarly, Tukker et al. (2014) found for the EU total (not only cropland) consumption-based land foot-
print of more than 2 ha per capita - more than twice the production-based land footprint, meaning that
more than 50% of Europe’s pressure on the planetary boundary land occurs externally, outside of Eu-
rope. For Germany they calculate net imports of virtual land of about 2 ha per capita. UBA calculate
more than 13 million ha of net imports of virtual agricultural land (or 0.16 ha per capita). This agricul-
tural land area in other countries for producing export goods for final consumption in Germany is al-
most the same as Germany’s domestic agricultural area (14.7 million ha). UBA (2016a) finds that
2/3rd of all land use for meeting Germany’s consumptive demands takes place outside of Germany,
most of it in other EU countries, followed by South America, Sub-Saharan Africa and South-East Asia.

Hoff et al. (2014) compare for different European countries production- and consumption-base per
capita cropland use:

Figure 48: Europe’s per-capita cropland use, from Hoff et al. 2014
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Blue bars indicate production based per-capita cropland use, green bars consumption-based per cap-
ita cropland use. The black line indicates the actual global average per capita land use and the red line
the allowable per capita land use for equal per capita downscaling of the old land boundary: while only
very few European countries exceed the downscaled planetary boundary land on a production-basis,
almost all countries do so on a consumption-basis, after Nykvist et al. (2013), Bruckner et al. (2012),
and FAOSTAT.

36 Virtual land“ imports stands for land used along the supply chains to produce the goods and services that are eventually
imported
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Soy production alone (soy is almost not produced in Germany) requires 2.4 million ha of land abroad
for meeting Germany’s total consumptive needs (Dawkins et al. 2016), which equals about 15% of Ger-
many'’s total domestic agricultural land or about 25% of Germany’s total cropland. Most of that soy
(primarily used in Germany as livestock feed) is produced in South America, where it directly or indi-
rectly replaces forests, hence contributing to defor-estation and to transgression of the land boundary.
That confirms the finding by DeFries et al. (2010) that loss of tropical forests is positively correlated
with exports of agricultural products. The EU is responsible for 10% of the total trade related defor-
estation. In terms of deforestation related to the trade with crop and livestock the EU is even responsi-
ble for 36% (Cuypers et al. 2013).

In order to assess the local impacts (“footprints”) of export production, e.g. for German consumption,
high resolution (higher than country level) data about the exact production location is required. Re-
cent work by the Stockholm Environment Institute (SEI) has achieved that high resolution, tracing for
example Germany’s soy imports back to individual municipalities in Brazil (Dawkins et al. 2016). Such
an accounting for local context in the export production country, e.g. in terms of resource scarcity or
vulnerability of land and ecosystems, enables true footprints in the sense of local impacts and eventu-
ally the contextualization of downscaled planetary boundaries. Godar et al. (2015) could show with
this method for example, that Brazilian land use for export production to Europe has shifted from
long-settled agricultural regions in the south of the country more recently towards the Cerrado and
Eastern Amazon.

Planetary boundary land, element 5: mapping the results of planetary boundary downscaling and ben-
chmarking onto relevant policy and environmental management areas and integration with context-spe-
cific bottom-up sustainability criteria

The results of the initial downscaling of the global land boundary and benchmarking Germany’s and
Europe’s actual environmental performance against the downscaled boundary are relevant for a range
of different policy areas, related to environment, sustainability but also other sectors

Possible entry points for mainstreaming the above results on the global land boundary include (but
are not limited to):

» the German land target of converting less than 30 ha per day into settlements or traffic areas
per (by 2020)

» the no-net-land-take target of the EU (by 2050)

» the Forest Strategy (Waldstrategie 2020 of Germany)

» the Integrated Environment Program (Germany)

» the Environment Action Program (EU)

» the Common Agricultural Policy (EU)

» Bioeconomy Strategies of Germany and the EU37

» the raw materials strategy (Rohstoffstrategie of Germany)
» the flagship initiative “resource efficient Europe”

» Circular Economy Strategy (EU)

» Trade agreements

37 Non-food biomass production on external land has the highest growth rates (UBA 2016)

170




UBA Texte Planetary Boundaries: Challenges for science, civil society and politics

However, the downscaled global land boundary is only one element in informing sustainable land use.
Besides global environment and sustainability criteria, also local, national and regional criteria need to
be taken into account, eventually requiring an integration of top-down and bottom-up criteria in policy
and decision making. Accounting for local context and criteria also has to include land quality related
metrics (beyond quantity related metrics such as hectares of land use), such as land use intensity, type
of agricultural land use or forest, land degradation status etc.

1.4.4 Conclusion

In conclusion, the planetary boundaries will continue to be developed and refined further by the scien-
tific community. Given the large interest by potential “user groups”, i.e. policy and decision makers,
this development should be aligned with the initial efforts towards planetary boundary operationaliza-
tion. The exploration of elements of a potential method for downscaling planetary boundaries and of
using these as benchmarks for environmental performance in the German and EU context as presented
here, shows that relevant new information and added value can be generated this way, while this ex-
ploration at the same time can feed back insights to the scientific community about the relevance of
the planetary boundaries as they are currently defined.

Scientists and policy makers need to collaborate on further developing the proposed elements of a
method for planetary boundary operationalization, for example by further defining the normative and
ethical aspects involved and by further contextualizing the downscaled planetary boundaries. Initial
science-policy dialogues show that there are numerous opportunities for demand driven planetary
boundary operationalization, starting from ongoing policy processes, to which downscaled planetary
boundaries can add value, in particular by strengthening vertical and horizontal policy coherence
(across scales and sectors). With that the planetary boundaries can take a role as dashboard for sus-
tainability (Cornell and Downing 2014).

The initial exploration and application of the planetary boundaries to Germany and the EU has demon-
strated the importance of going beyond territorial or domestic environmental performance and in-
clude also external environmental pressures and resource use, mostly transmitted via trade. Only such
benchmarking of consumption-based performance against the planetary boundariess can capture a
nation’s full responsibility for planetary boundary transgression, as related to its consumption pat-
terns. It can also specify where on Earth the impact occurs and what that means for the Earth system.

Additional conclusions from this initial exploration of planetary boundary operationalization for Ger-
many and the EU are: per-capita contribution to planetary boundary transgression is significantly
higher than global average. For the boundaries explored so far (climate change, land use change and
nitrogen) it doesn’t matter, whether the respective global boundary is already transgressed or not, the
downscaled planetary boundary is transgressed at the German and EU level in any case, in particular
when taking a consumption-based perspective. Positive territorial or domestic trends of decreasing
pressure on planetary boundaries are often (over-) compensated by increasing external pressures. To-
tal consumption-based environmental performance doesn’t seem to improve in Germany and Europe
for these planetary boundaries.

1.5 The communicative potential of the planetary boundaries concept
1.5.1 Introduction: communicating planetary boundaries

As environmental degradation continues apace, the scientific community has increasingly warned of
the repercussions for humanity. One such warning takes the form of the planetary boundaries frame-
work (Rockstrom et al. 2009; Steffen et al. 2015a). Originally published in a 2009 article by a group of
29 scientists led by Johan Rockstrém, the planetary boundaries framework outlines global environ-
mental problems facing the Earth. The report identifies nine processes that are vital for ensuring the
functional stability of the Earth's system, namely: climate change, novel entities, stratospheric ozone
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depletion, atmospheric aerosol loading, ocean acidification, biochemical flows, freshwater use, land-
system change and biosphere integrity (Steffen et al. 2015a). The authors argue that global thresholds
exist for these processes and establish boundaries for ensuring a "safe operating space for humanity"
(Rockstrom et al. 2009).

Of key importance in terms of communicating the planetary boundaries framework is a central illus-
tration contained in the report. This illustration - Figure 49 - presents the nine processes and their
current status.

Figure 49: The planetary boundaries
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The planetary boundaries framework has a number of goals, including environmental monitoring and
the provision of an overarching research framework. One major goal is communication: at its heart it
aims to inform readers about the risk of certain environmental developments and illustrates the need
to focus on a safe operating space for humanity. The implicit hope is that the planetary boundaries
framework can provide a focal point for governments, enabling them to target sustainability.

The planetary boundaries framework is still a relatively new concept. It has received great attention in
the scientific community and to some degree among policymakers and civil society. It offers opportu-
nities for environmental politics by highlighting the importance of environmental policy measures,
raising awareness of the international dimension of environmental efforts, and enabling a connection
to be made with socio-economic development issues - vital for reaching a broader audience. It is thus
of great interest for national environmental politics.

In this paper we examine how the planetary boundaries framework can be used in environmental poli-
tics. In particular, we investigate here the communicative aspects of the planetary boundaries frame-
work: its language, illustrations, messages, contents, communicative functions, and its use with target
audiences.
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Research into the communicative aspects of the planetary boundaries framework is rather sparse.
Most publications to date have focused on the scientific arguments, such as how the boundaries are
calculated (e.g. Bass 2009; Brook et al. 2013). The limited number of studies that have come from the
social sciences mostly deal with questions of governance (e.g. Biermann 2012; Galaz et al. 2012b;
Galaz et al. 2012c¢) and analyse the "governance challenge" arising from the planetary boundaries mes-
sage. Others research the concept's relationship with social justice, establishing and applying social
boundaries (e.g. Raworth 2012; Dearing et al. 2014). Some of these studies touch on communicative
questions, for example when reviewing the evidence for the planetary boundaries framework
(Nordhaus et al. 2012) or critiquing its incorporation of thresholds (Schlesinger 2009). However, the
question of communication generally remains a side issue for the studies' authors.

In this paper, then, we aim to address this gap. We systematically assess the planetary boundaries
framework potential for environmental communication.

It is important to differentiate between different understandings of the scope of the planetary bounda-
ries framework, namely:

» The original article by Rockstrém et al. published in the journals Nature38 and Ecology and So-
ciety39, and its updated version from 2015 by Steffen et al. (Steffen et al. 2015a)

» Related research that further develops the planetary boundaries framework, such as contribu-
tions to the debate on the N-Boundary (e.g. de Vries et al. 2013)

» Attempts by Rockstrom and others to spread the message of the planetary boundaries frame-
work in additional papers, articles, interviews, etc.

This study assesses the potential of the planetary boundaries framework primarily with regards to the
two original articles by Rockstrom (2009) and Steffen et al. (2015). For this there are two reasons.
First, the two articles form the backbone of the framework and the focus point of the subsequent de-
bate. Second, including secondary sources such as additional contributions and interviews would
make it difficult to differentiate between the framework and its application.

This paper is structured as follows. First we examine the communicative strengths of the planetary
boundaries framework. Next we look at the German discourse on planetary boundaries, identifying
specific risks and opportunities when using the planetary boundaries framework for communication
and specifying the precise communication gap.

Following this we seek to understand the communication gap by outlining specific communicative
weaknesses in the concept. In a fourth step we describe the messages of the planetary boundaries
framework and their complexity. After this we describe particular functions of the planetary bounda-
ries framework for communication and look at the target audiences. Finally we provide recommenda-
tions for the further conceptual development of the planetary boundaries framework from a communi-
cation perspective, with suggestions on how to improve the visual language and ideas for supporting
narratives.

38 Rockstrom, Johan; Will Steffen; Kevin Noone; Asa Persson; F. Stuart Chapin; Eric F. Lambin; Timothy M. Lenton; Marten
Scheffer; Carl Folke; Hans Joachim Schellnhuber; Bjorn Nykvist; de Wit, Cynthia A.; Terry Hughes; van der Leeuw, Sander;
Henning Rodhe; Sverker Sorlin; Peter K. Snyder; Robert Costanza; Uno Svedin; Malin Falkenmark; Louise Karlberg; Robert
W. Corell; Victoria J. Fabry; James Hansen; Brian Walker; Diana Liverman; Katherine Richardson; Paul Crutzen and Jonathan
A. Foley 2009: A safe operating space for humanity. In: Nature 461:7263, pp 472-475.

39 Rockstrom, Johan; Will Steffen; Kevin Noone; Asa Persson; F. Stuart Chapin; Eric F. Lambin; Timothy M. Lenton; Marten
Scheffer; Carl Folke; Hans Joachim Schellnhuber; Bjorn Nykvist; de Wit, Cynthia A.; Terry Hughes; van der Leeuw, Sander;
Henning Rodhe; Sverker Sorlin; Peter K. Snyder; Robert Costanza; Uno Svedin; Malin Falkenmark; Louise Karlberg; Robert
W. Corell; Victoria J. Fabry; James Hansen; Brian Walker; Diana Liverman; Katherine Richardson; Paul Crutzen and Jonathan
A. Foley 2009: A safe operating space for humanity. In: Nature 461:7263, pp 472-475.
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1.5.2 Planetary Boundaries: communicative strengths

The planetary boundaries framework is often regarded as a success story, offering great potential for
environmental communication??. For example, Bob Howarth (Professor of Ecology and Environmental
Biology at Cornell) argues that the planetary boundaries have a strong communicative value (Lalasz
2013):

"Targets are inherently artificial, and yeah, you're going to go over them, but they are an
effective way to communicate to policymakers and the public [...]. So | view planetary
boundaries as a pretty powerful synthesis and communications tool."

Sarah Cornell outlines how the planetary boundaries framework can be used at a national level or
among other actors (Cornell 2015):

"One way in which it is already being used is as a powerful communication tool about
global sustainability, informing discussions in local communities, businesses, and many
kinds of organisation."

In a survey of members of the European Sustainable Development Network, Pisano and Berger de-
scribe the situation in the Netherlands as follows (Pisano and Berger 2013):

“In the Netherlands, the concept is particularly seen as a strong communication tool, vis-
ualising the main challenges, especially in the early stages of policy formulation
(agenda-setting)."

At first sight, then, the planetary boundaries framework appears to be an attractive communication
tool with a number of highly positive characteristics:

Easy-to-grasp message

Parts of its message are easy to grasp. For example, the notions of "boundaries" and "limits" are al-
ready present in the political discourse and are easy to understand. The same goes for the idea of hu-
man impacts on the environment and the risk of an inhospitable planet, which already exist in the de-
bate on the impact of climate change. These ideas do not need much further explanation.

Universal appeal

The planetary boundaries framework has universal appeal. It is directed towards the whole of human-
ity and encompasses all possible actors - individuals, organisations, businesses, governments, supra-
national and international organisations, etc. It also touches on a broad variety of topics, from climate
change to water and land use. As a consequence the planetary boundaries framework can be used in a
wide range of environmental discussions and refers to many actors.

Metaphorical and visual nature

The planetary boundaries framework uses metaphors ("the great acceleration”, "an inhospitable
planet”, "boundaries") and other images ("the Earth", "space"). These are important tools for commu-
nication, making it easier for the audience to grasp the underlying message.

40 There are different definitions of environmental communication (compare Jurin et al. 2010). Cox for example defines it
very broadly as "pragmatic and constitutive vehicle for our understanding of the environment as well as our relationships to
the natural world; it is the symbolic medium that we use in constructing environmental problems and negotiating society's
different responses to them” (Cox 2010: 20). In this paper we take a narrower perspective - the term refers to communica-
tion by governmental and non-gonvernmental actors to “inform and educate individuals” on environmental problems and
risks and the necessity of environmental protection, to “achieve some type and level of social engagement and action” or
changing the more long term, structural factors of “social norms and cultural values” (Moser 2010).
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A concept grounded in science, with trustworthy messengers

The planetary boundaries framework is grounded in science. It includes contributions from various
academic fields and builds on debates taking place within the scientific community. This is beneficial
in terms of its communication, as scientists are generally viewed as credible authorities by society.

The planetary boundaries framework thus appears to have significant potential for reaching different
segments of society, including the broader public, businesses, civil society and political actors. In the-
ory it can serve as a central tool for communication about the environment, encouraging target audi-
ences to reflect on its message (e.g. targets, global sustainability, key-challenges), changing their
awareness of the state of the environment, and redirecting the discourse where necessary.

But is the planetary boundaries framework really as effective as the above comments would appear to
suggest? It is to this question that we turn our attention in the following chapters.

1.5.3 Tracing the German planetary boundaries discourse: realising the communication gap

There are two good reasons for charting the German discourse on planetary boundaries. First, doing
so provides us with insights into the impact of the planetary boundaries framework on potential target
audiences, showing whether actors from different segments of society have used the framework and if
so, how. It thus serves as a reality check for the communicative potential of the planetary boundaries
framework.

Second, it helps us understand the risks and opportunities relating to the framework. Environmental
communication operates within a discursive environment. This overarching discourse can legitimise
or de-legitimise specific arguments, environmental values, behaviours, policies and so on. Different
discourses and the actors connected with them make use of different concepts and approaches, includ-
ing scientific findings and messages. Vitally, we must be aware in our environmental communication of
how a particular concept is used and by whom, what discourse it appears in, how it is interpreted, and
what political measures it legitimises.

The planetary boundaries framework includes various concepts, and is thus connected with the dis-
courses where these concepts arise. The concepts include:

» The "Anthropocene": humanity is altering geological conditions and processes so profoundly
that it has become a geological force which has triggered the planet to enter a new geological
age (Crutzen 2002; Steffen et al. 2011c)

» The "resilience of the Earth": the planet's ability to stay within a Holocene-like state is im-
pacted on by human actions

» "Tipping points" on a planetary scale: crossing these points could result in a planetary "regime
shift"

» "Sustainable development”, which implies the importance of "guardrails” (see below) for hu-
man development

These concepts are explicitly mentioned in the original framework (Rockstrom et al. 2009; Steffen et
al. 2015a). However, it is unclear to what extent they and other concepts appear in the discourse on
planetary boundaries framework in practice.

In this paper we focus solely on the situation in Germany. While limited in terms of how far the find-
ings can be generalised, this is an important first step in increasing our understanding. We focus on
political discourse rather than the scientific debate, as it is often difficult to separate a specifically Ger-
man contribution to the scientific debate from an international contribution (many German research-
ers participate in the global research community).
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For the purposes of our analysis, 107 documents dating from the period 2010-2015 were collected
from diverse sources (see annex for a full list). They included:

» Documents from German civil society (32 documents)#!

» Documents from German federal ministries and the German government (10 documents)
» Debates in the Bundestag (the German parliament; 18 documents)

» Documents from political foundations and parties (39 documents)

The documents were collected by searching for the terms "Rockstréom", "Steffen", "planetary bounda-
ries" and "safe operating space"” (in German and English) using publicly accessible search engines from
relevant organisations and institutions. References were then analysed on the basis of the following
questions:

» Who is using the framework?

» How is the framework interpreted?

» For what purpose is it used and what discourses are connected with it?
» What means are legitimised?

We also looked at how the planetary boundaries framework has been used over time by the press (for
the period 2009 - 2015). We did this by searching the WISO press database, which covers the archives
of many of the larger German-language newspapers and entails ca. 146 million articles (e.g. SPIEGEL,
Focus, Neue Ziircher Zeitung, taz, Die Welt and many smaller newspapers; for a complete list, see
WISO 2016).

Use of the planetary boundaries framework over time

The level of use of the planetary boundaries framework has changed over time. Some actors have used
it more as time has gone on, while others have maintained more consistent levels. For example, the
majority of references by the Bundestag and the German government date from 2015, signifying an
increase over time; political parties, political foundations and civil society organisations on the other
hand are more constant, with no visible increase in frequency. Looking across all references, it took
until 2011 before the planetary boundaries framework was referred to more widely. The growth in the
frequency of references by some actors may imply that the PBF is increasingly seen as an important
factor in political debate and environmental communication.

Actors

German government institutions occasionally refer to the planetary boundaries framework. This in-
cludes the Federal Chancellery and the following ministries: (1) the Federal Ministry for the Environ-
ment, Nature Conservation, Building and Nuclear Safety (BMUB); (2) the Federal Ministry for Eco-
nomic Cooperation and Development (BMZ); and (3) the Federal Ministry of Family Affairs, Senior Citi-
zens, Women and Youth (BMFSF]J). Chancellor Angela Merkel referred to the planetary boundaries
framework in speeches on refugees and the causes of migration, and when talking to the Council for
Sustainable Development. Environmental Minister Barbara Hendricks referred to the planetary
boundaries framework in two speeches: during a parliamentary debate on climate change and in a de-
bate on the Post-2015 agenda. The BMUB and BMZ referred to the planetary boundaries framework in
the context of the Post-2015 agenda. The BMFSF] referenced it in a report on the implementation of

41 Given the large number of civil society organisations in Germany, it was not possible to cover all instances of discourse on
the PBF.
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the Peking +20 action platform. There were also several debates in the Bundestag where speakers re-
ferred to the planetary boundaries framework, e.g. debates on ocean pollution, global education and
conflict minerals.

Political foundations used the planetary boundaries framework on various occasions. Examples in-
clude references in documents on resource justice, food security, disaster reduction, and on the plane-
tary boundaries framework itself. The German Advisory Council on Global Change (WBGU) draws on
the concept, although it prefers the term "guardrails": for example, in a policy paper to the SDG debate,
the WBGU argues for incorporating these guardrails into the SDG catalogue (WBGU 2014). Also, in a
major study advocating a social contract for transition, the WBGU both refers to and uses the concept
of the planetary boundaries framework (2011), and it promotes the concept in some of its outreach
material, too.42

German civil society also occasionally makes references to the planetary boundaries framework,
mainly though charitable and development organisations (e.g. Brot fiir die Welt) and climate and envi-
ronmental lobby groups (e.g. Germanwatch; BUND). For example, Brot fiir die Welt used the planetary
boundaries framework in a report on Agenda 2030, the BUND used it when criticising the government
for a new law on electric appliances, and Greenpeace referred to it when directing its political de-
mands to the government.

The German mass media rarely refers to the planetary boundaries framework. In the WISO press data-
base the search term "planetare Grenzen" in German ("planetary boundaries") returns just 13 results
for the period since 2009, the term "planetary boundaries" in English 10 results, and "Johan Rock-
strom" 56 results, mainly in articles on the awarding of the German Environment Prize (Deutscher
Umweltpreis) to Johan Rockstrém by the Deutsche Bundesstiftung Umwelt.

Interpretation of the planetary boundaries framework

The planetary boundaries framework is interpreted differently depending on the context. Very often, it
is explicitly or implicitly referred to as an objective, absolute, scientific, authoritative account of the
risks facing humanity. For example, in a parliamentary debate on the German environmental budget,
the Green Member of Parliament Steffi Lemke asserted as follows (Drs.-Nr. 18/138; translation ours):

"We have evidence from a sufficient number of studies that four of the nine planetary boundaries have
already been transgressed.”

The planetary boundaries framework is seldom presented as a new finding, however. Instead it is ar-
gued that it repeats well-known facts which people should be more aware of, such as the degradation
of the environment.

Interestingly the planetary boundaries framework appears to lend itself to a selective interpretation.
Some features are rarely mentioned, such as the interaction between boundaries and the systemic
character of the approach. Sometimes the focus is on specific boundaries, most often the climate
change boundary. This indicates that the full message of the PBF is not reaching its audience.

Several misconceptions appear in how the planetary boundaries framework is interpreted:

(1) Frequently, uncertainties that are acknowledged in the original framework (e.g. about the exist-
ence or exact level of thresholds, or the interaction between different boundaries) are not addressed.

(2) In some cases thresholds/tipping points and boundaries are confused or the terms used inter-
changeably. Thus a report for the political foundation Konrad Adenauer Stiftung (Haas 2010; transla-
tion and emphasis ours) states that:

42 See, for example: http://www.wbgu.de/en/videos/videos-wbgu/en-video-leitplanken.
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"In their study on the safe operating space, Rockstrom and his colleagues have tried to determine
thresholds for the nine ecological factors named, which should not be transgressed for reasons of
safety. They found that humans are operating outside of these boundaries in three cases. With un-
known consequences."

(3) In one case it is implied that the safe operating space and the transgression for the climate change
boundary can be interpreted as showing the healthy state of the boundary and more room for CO,
emissions (Drs.-Nr. 1843, translation ours):

"We all acknowledge that the planetary boundaries - that is, the limits of the ecological dimension of
the globe - risk being reached and transgressed. This has already happened with nitrogen. With CO.,
we still have a huge budget. At least, the number looks huge; but it is not that huge."

In fact, the climate change boundary is indicated as already having been transgressed in both Rock-
strom et al. (2009) and the update by Steffen et al. In the logic of the planetary boundaries framework,
an increased risk of crossing thresholds already exists. Thus it would appear that the yellow climate
change boundary in Steffen's update (Steffen et al. 2015a) is open to misinterpretation.

Argumentative purposes and discursive connections

The planetary boundaries framework is used for different purposes. This connects it to the discourse
on (1) global challenges, (2) sustainable development and transformation, (3) climate change, (4) en-
vironmental degradation, and (5) human safety and survival.

Some actors use the planetary boundaries framework simply as an example of the global crises or
planetary challenges that the political process is facing. Planetary boundaries, their transgression and
the need to respect them are merely examples in a long list of other priorities, such as unemployment,
civil wars and refugees. The details of the framework (e.g. the number and precise nature of the
boundaries and the consequences of transgressing them) are not relevant for this use; it is taken for
granted that the audience intuitively knows that going beyond certain ecological limits is potentially
risky and that preventing this therefore merits high priority.

The planetary boundaries framework is also used within the discourse on sustainable development to
illustrate the apparently conflicting goals of development and sustainability. Here, the planetary
boundaries framework is often employed as the latest version of ecological sustainability - without
however referring to other elements of the framework, such as the notion of "tipping points" or "re-
gime shifts" on a planetary scale, or the uncertainties contained in the framework.

Sometimes the planetary boundaries framework is used merely to depict the state of the environment,
sub-processes of the environment (climate change, extinction of species) or even highly specific im-
pacts (e.g. the impact of food waste on the environment). This ignores the developmental dimension of
the planetary boundaries framework - that the planetary boundaries are a condition for sustainable
development; no mention is made of the fact that the planetary boundaries framework focuses on the
planetary dimension and does not, in its original conception, easily correspond to local environmental
impacts such as that of nitrogen.*3 This use also neglects other environmental problems not covered
by the framework, such as industrial and traffic noise or radiation.

On occasion the planetary boundaries framework is referred to in the context of climate refugees,
peace, resource conflicts or even the survival of humanity. For example, in a parliamentary motion on
trade politics, the Green Party argued (Drs.-Nr. 18/6197, translation ours):

"In light of future challenges, political room for manoeuvre for additional regulations should not be
impeded to secure the survival of future generations within planetary boundaries."

43 Note, however, recent attempts at downscaling (e.g. Nykvist et al. 2013; Cole et al. 2014; Dearing et al. 2014).
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The connection with security and survival not only attracts people's attention, it also risks uninten-
tionally legitimising more robust security measures (see Buzan et al. 1998). To depict a phenomenon
as an existential threat for the survival of humanity legitimizes exceptional measures by governments
such as the use of force. However, the effect might as well be the opposite: Doubts about apocalyptic
scenarios connected to the planetary boundaries framework might delegitimize the whole concept.

The Anthropocene, "resilience” and "tipping points" are rarely referred to. [t appears that, unlike
"planetary boundaries”, these concepts are less accessible to many in the political realm and would
need further explanation for their target audiences (e.g. for discussions in the Bundestag). It also ap-
pears that the planetary boundaries framework is not primarily used as a clarification or further de-
velopment of these concepts.

Policy measures

A multitude of different measures are proposed for respecting planetary boundaries, directed at differ-
ent levels and covering different topics. For example, some measures are directed at individuals:
changing personal lifestyles and consumption patterns, say. Others focus on a single country (in this
case Germany), for example demanding the transformation of the socio-technical regime be it by
means of the "Energiewende" ("energy revolution"), a change in resource consumption or the end of
coal mining and coal-based energy production. Sometimes a larger frame is opened up and it is
pointed out that improvements in development policies such as adequately financing development,
formulating and implementing strong post-2015 SDGs or improving education for sustainable devel-
opment (ESD) are necessary prerequisites to achieve sustainability.

The measures proposed also differ in terms of their contents. Sometimes they recommend general im-
provements in political processes, such as increasing political coherence, changing existing policies,
achieving political unity or reviewing the national Sustainable Development Strategy. In other cases
they relate the planetary boundaries framework to specific environmental policies and priorities, such
as sustainable city policies, the reduction of environmentally harmful subsidies, the implementation of
existing biodiversity targets and the two-degree climate change target or improved nitrogen regula-
tion. In some instances, boundaries, innovations, new technologies and economic development are
proposed to help boundaries be respects. Or it is argued that the solution for staying within planetary
boundaries lies in taming the markets, ending the free trade dogma and radically altering the econ-
omy.

The wide range of suggestions indicates that the planetary boundaries framework does not lead di-
rectly to specific political measures but rather blends into the existing debate around policy actions.
Nor does it appear to prompt new debates on policy initiatives.

Conclusion

In conclusion, the planetary boundaries framework is sometimes misunderstood and often used and
interpreted selectively. It does not change the existing discourse, and those who draw on it may refer
to discourses that are not included in the planetary boundaries framework while ignoring others that
are included in it.

To some extent the planetary boundaries framework has thus moved from being a scientific debate
(by and between specialists) to the wider political realm. Occasionally it is referred to by actors in civil
society, but it has not reached the private sector (with the exception of few companies like MARS,
H&M, ENECO) or the broader public. The extensive academic discussion around the PBF is only par-
tially mirrored in the political community, the world of business, and society.

Although political actors refer to the planetary boundaries framework sometimes, they use it to under-
pin their existing political demands rather than start a discussion about the PBF as a whole and its sig-
nificance for policymaking.
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At present, then, the role of the planetary boundaries framework in environmental communication is
rather limited. A significant gap exists between the communicative potential claimed for it and its ac-
tual impact so far.44

1.5.4 Understanding the communication gap: communicative weaknesses of the planetary
boundaries framework

As we have seen in Chapters 1.5.2 and 1.5.3, a gap exists between the aspirations of the planetary
boundaries framework in terms of communication and its actual impact to date. In this chapter we at-
tempt to account for this gap by examining the communicative weaknesses of the framework. This
should to some extent explain the limited communicative role of the planetary boundaries framework
so far.

Complexity

The planetary boundaries framework is fairly complex, encompassing many different topics and issues
(see Chapter 1.5.5). This complexity is due to two main factors: the openness of the concept for differ-
ent interpretations (risk vs. opportunities), and the fact that it incorporates a number of different, mul-
tilayered issues such as boundaries, transgressions, risk zones and as yet unquantified areas. If social
boundaries are also included (as discussed in a forthcoming input paper), communication becomes
even more difficult.

The term "planetary boundaries”

The term "planetary boundaries” only partially captures the concept underlying the planetary bounda-
ries framework. It fails to communicate the systemic character of the approach and its multi-scale na-
ture (see Cornell 2012 on the different scales at which the control variables are observed). The term
"planetary boundaries" also lends itself easily to scare-mongering: the discussion can easily focus on
the negative aspects of the concept, such as transgressing boundaries, rather than the positive image
of a safe operating space with possible links to other important areas such political and economic as-
pects and the vision of human stewardship preventing harmful global environmental change.

In the German context there is additional conceptual confusion regarding the term "planetary bounda-
ries". The word "boundaries"” is sometimes translated as Leitplanken ("guidelines”, "guardrails"),
sometimes as Belastungsgrenzen ("loads"), and sometimes as Grenzen ("limits"). While this is a specif-
ically German problem, it implies that there may be problems in applying the planetary boundaries
framework in specific countries: problems of translation or interpretation may blur the message of the

planetary boundaries framework.
Weak positioning in time and place

The planetary boundaries frameworks message is not strongly rooted in a specific time and place. In
terms of place, it refers to the Earth system, the planet as a whole, and the globe; with regard to time, it
talks about the Anthropocene and the Holocene - two very long epochs which are hard to imagine. The
updated version of the planetary boundaries framework (Steffen et al. 2015a) focuses more on the re-
gional dynamics of some of the processes, but as a whole the PBF does not relate its message of com-
plex, interdependent, long-lasting causes and effects to specific places and time spheres that people
can easily relate to.

44 Our comments refer primarily to Germany, but the situation is likely to be similar in other countries. In fact, with the
WBGU, a semi-governmental institution, already advocating the concept, communicating it and disseminating it in the pub-
lic discussion, Germany is something of a "best case"; there is little reason to believe the situation is substantially better in
other countries.
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Unclear implications

The consequences of transgressing planetary boundaries and tipping the Earth system into a new re-
gime are unclear in the planetary boundaries framework. The framework alludes to an "inhospitable"”
planet, but what this precisely entails — who is impacted, to what extent, and can the effects be re-
versed - is not outlined. It is left to the individual imagination what exactly this inhospitable planet
would look like. Moreover, several planetary boundaries (e.g. the biochemical boundary) have already
been transgressed but the Earth system has not yet tipped into a new regime and the impacts are not
widely felt by the populace. We are thus faced with the problem of not being able to paint a precise pic-
ture of the consequences of overstepping the safe operating zone in our environmental communica-
tion efforts.

Uncertain prioritisation

The planetary boundaries framework allows for the prioritisation of environmental problems, implic-
itly giving the various boundaries different weight. However, there are a number of different ways to
derive priorities from the framework.

The first, most obvious way is to use the illustration contained in the planetary boundaries framework
and derive priorities on the basis of the colours used (see Figure 49):

» High risk: biosphere integrity, biochemical flows

» Medium risk: land-system change, climate change

» Low risk: fresh water use, stratospheric ozone depletion, ocean acidification
» Unknown risk: novel entities, atmospheric aerosol loading

However, the planetary boundaries framework itself points out that the different boundaries interact
with each other, albeit in a way that is not well understood. This means that neglecting one boundary
could be detrimental to another boundary (see also Steffen et al. 2015a), calling into question the
above prioritisation.

The updated version of the planetary boundaries framework points to the central role of climate
change and biodiversity for the resilience of the planet. This implies another prioritisation. Yet climate
change is only considered "medium risk".

For a proper prioritisation we would need to know the current trends and dynamics for the various
boundaries and the degree of reversibility of transgressions. The planetary boundaries framework
does not contain this information. Thus while the planetary boundaries framework sends out a strong
signal about key environmental problems, it does not clearly state which problems are the most im-
portant.

No indication of next steps

The planetary boundaries framework does not recommend political or other measures for respecting
planetary boundaries; the focus is on the "guardrails” for sustainable development rather than specific
pathways. From a communicative standpoint, a message that simply points out dangers or risks with-
out outlining practical steps leaves further action open to discussion and misses out on the oppor-
tunity to provide guidance to target audiences. Readers are left with the impression that the Earth sys-
tem is at risk - four boundaries have been crossed - but the way out is unclear (see Chapter 1.5.8 for
the role of political actors for formulating political measures to stay within the safe operating space).
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Ambivalent normativity

The planetary boundaries framework sits somewhat ambivalently between normative and non-nor-
mative arguments. On the one hand, it sets out to determine science-based boundaries, condensing ex-
isting findings on the Earth system, thus implying a certain objectivity while not ignoring uncertain-
ties. On the other, it is inherently normative, as the proposed boundaries include subjective risk con-
siderations and are ultimately based on social considerations (see the forthcoming input paper on so-
cial boundaries). This normativity is not arbitrary; it is a reflection of the assumed risks for crossing
thresholds. However, it represents a weakness of the planetary boundaries framework in terms of its
communicative strength.

Low level of public involvement

The planetary boundaries framework lacks references to participation by citizens or public involve-
ment. While not explicitly precluding such participation - e.g. by arguing for top-down policy
measures only - it indicates implicit barriers in some areas: control variables and boundaries are set
top down through scientific discourse; humanity is conceived of as an aggregate (this is sometimes
dubbed the "problem of the invisible human"); secondary characters are elites such as scientists and
political decision-makers. As a consequence, many important actors such as businesses, societal organ-
isations and individuals may not be able to see their role in relation to the planetary boundaries frame-
work.

Technical language

The planetary boundaries framework uses different levels of language. In places it is quite technical:
Rockstrom et al. speak of "biogeochemical cycles”, "thresholds" and "resilience", while Steffen et al.
speak of "atmospheric aerosol loading", "stratospheric ozone depletion”, "global and regional scales”,
"biomes" and so forth (Steffen et al. 2015a; Rockstrom et al. 2009). The planetary boundaries frame-
work also includes more narrative language, for example when outlining the risks for humanity or tell-
ing the story of human perturbation. Overall, the often abstract, technical language requires further
clarification for some potential target audiences. These include not just companies and individuals but

also civil society organisations working in non-environmental areas.
Display of Dangers

The introductory paragraph and the summary in the original article argue that the human impact on
the Earth system could be "deleterious or even catastrophic for human well-being" (Rockstrom et al.
2009). It speaks of "dangerous thresholds", a "dangerous level", a "danger zone", "dangerous climate
change" and "planetary risks". This scenario is contrasted with the Holocene state, which provided for
a "relatively stable environment" that "allowed agriculture and complex societies, including the pre-
sent, to develop and flourish" (Rockstrém et al. 2009). The updated planetary boundaries framework
softens the language somewhat, using the word "danger" only once. It replaces "deleterious” and "cata-
strophic” with the expression "much less hospitable" (Steffen et al. 2015a). For environmental commu-
nication, the use of loaded language represents a particular problem: risk communication research has
shown that talking about dangers, threats and horror scenarios create initial attention with target au-
diences but has no long-lasting effects (Adomf3ent and Godemann 2011; O'Neill and Nicholson-Cole
2009).

Misleading illustrations

The grey fields and question marks in the main illustration represent the boundaries "novel entities",
“functional diversity” (biosphere integrity boundary) and "atmospheric aerosol loading", which are
not yet quantified. This is a problem. The underlying communicative challenge is that the risks associ-
ated with these processes are not yet fully known or visible. Another problem is the colours used in
the updated illustration (Steffen et al. 2015a): climate change, for example, is coloured yellow and not
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red (see Figure 49) despite the fact that - as the latest assessment report of the IPCC and also the Paris
accords at the COP21 show - climate change should be assigned high priority. This fact could be
blurred by the illustration. A third problem is that the best known illustrations from the PBF do not
show interactions between boundaries, neglecting an important aspect of the framework.*s

The planetary boundaries frameworks updated illustration is static, whereas Rockstréom's initial illus-
tration also included developments for some boundaries (see Rockstrom et al. 2009). The new illustra-
tion shows the status of control variables at a specific point in time and does not show developments.
Thus while the framework itself speaks of a "great acceleration”, this acceleration is not visible in the
illustration. Also, it is not clear when specific control variables (e.g. for ozone depletion) have in-
creased or decreased, if at all, and to what factors these changes are attributable.

Conclusion

As demonstrated above, there are a number of reasons for the rather limited communicative impact of
the planetary boundaries framework to date. Some of these problems can be overcome by additional
research, improved language, a sharper focus on target groups and the like. Others are inherent to the
PBF, such as the high degree of complexity, and can be mitigated but not entirely eliminated.

Despite the communicative weaknesses of the PBF, there are many areas where it can be used effec-
tively. In the following chapters we attempt to define these areas by examining the planetary bounda-
ries frameworks messages, its function and its target groups in more detail.

1.5.5 Planetary boundaries: messages

The communicative potential of the planetary boundaries framework is closely connected to its con-
tents and the messages it implies. Understanding the planetary boundaries framework better can help
us close the communication gap by providing a more sophisticated understanding of the role of the
planetary boundaries framework in environmental communication. Two approaches are possible
here: examining individual messages which can be derived from the planetary boundaries framework,
and looking at the overarching picture created by it. Both approaches have specific implications for
environmental communication.

The concept of "planetary boundaries” implies a multitude of separate yet interlinked messages. The
planetary boundaries framework contains several core messages and many additional messages di-
rectly or indirectly related to them. These core and additional messages can be derived from the plane-
tary boundaries frameworks main illustration (see Figure 49), from the broader framework and from
other discourses connected with the contents.

For the status of the global environment, core messages of the planetary boundaries framework in-
clude for example:

» The Earth system is at risk

» Four boundaries are transgressed

» Environmental degradation is rapidly increasing (the "great acceleration")
» Crossing boundaries risks global regime shifts

» For human-nature interaction, the additional messages include for example:
» Humanity should reconnect with the biosphere

» Humanity has the power to influence processes in the Earth system

45 Note, however, Steffen et al.'s (2015) illustration in the supplementary material (see also Chapter 1.5.7).
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» Humans have created a new geological age

Figure 50 (below) presents a selection of the messages contained in the planetary boundaries frame-
work. Green clouds represent core messages, blue clouds additional messages.

Figure 50:

Core and additional Messages of the Planetary Boundaries Framework
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The messages shown in Figure 50 cover various areas of relevance for environmental politics and thus

implicitly for environmental communication.

Important areas are for example:46

1) The environmental status: current aggregated global impacts, the dynamics of these impacts

and possible future developments (the "great acceleration")

2) The role of societies and individuals in the environment, including their place on the planet and

their behaviour towards the environment

3) The central principles of environmental politics, such as the precautionary principle, the prin-

ciple of cooperation and the "polluter pays" principle

46 These areas are exemplary and highlight the relevance of the PBFs message for environmental politics. They are not meant
to be exhaustive, but focus on important elements of environmental politics such as the status of the environment (1), envi-
ronmental principles (3) and the role and tasks of environmental politics towards society (2,4,5).
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4) The strategic role of environmental politics in the political arena and society (transforma-
tive/integrative environmental politics)

5) The tasks of environmental politics and the areas it covers (German: "Schutzgiiter")

With regard to the first area, some of the core messages - such as the current levels of control varia-
bles - contribute to an understanding of the environmental status. The planetary boundaries frame-
work also often touches on the dynamics of environmental impacts, pointing out the startling and
rapid increase in human perturbations to regulating sub-processes of the Earth system since the Sec-
ond World War.

In the second area, the planetary boundaries framework also clearly implies to the need for individu-
als, businesses and society to reflect on their own role in causing environmental degradation and to
find ways to operate within the boundaries, while not directly addressing them.

On point three, the planetary boundaries framework implies several specifications or re-specifications
of core environmental principles. They include: emphasising the importance of the precautionary prin-
ciple and interpreting the principle as respecting the planetary boundaries (keeping distance from
thresholds); creating new (governance) options for cooperation at global level, and at the same time
improving cooperation at regional and local level and for all sectors of society to respect planetary
boundaries; and reflecting on the major polluters responsible for boundaries being transgressed, at-
tribution gaps and time frames of mitigation.

In the fourth area, the planetary boundaries framework implies a new understanding of environmen-
tal politics. This involves considering global environmental change at all policy levels, focusing on the
transformative role of environmental politics in all segments of society, and contributing to an econ-
omy that respects planetary boundaries.

As for the fifth area, the planetary boundaries framework has implications for the tasks of environ-
mental politics and the areas it covers. It puts conditions for humanity in the centre of the analysis,
with less of a focus on nature conservation. It also focuses on regulating ecosystem services rather
than provisioning ecosystem services.

The multitude of different messages in the planetary boundaries framework and their connections
with environmental politics result in communicative complexity, as we have seen in Chapter 1.5.4. The
planetary boundaries framework does not have (or imply) a single overarching message or interpreta-
tion. It is a "communicative chameleon",*” allowing for multiple perspectives on causes, consequences,
the role of society and the role of individuals.

How the planetary boundaries framework is perceived depends on what "lens" the reader views it
through. We identify two such lenses: a "risk-aware lens" and an "opportunity-orientated lens". Both
lenses have implications for environmental politics and hence for environmental communication.

A risk-aware lens emphasises conservation. When viewed through this lens, the planetary boundaries
frameworks messages become more negative. One might, for instance, stress the point that humanity
can only live safely within a stable environment, or that if developing countries follow the unsustaina-
ble development paths seen in industrialised countries, more boundaries will be transgressed.

The opportunity-orientated lens, by contrast, emphasises humanity's creative and transformative
power. Viewed through this lens, the planetary boundaries frameworks messages are more positive:
one might stress that humanity is understanding the biosphere better and better and has considerable
potential to control environmental impacts and problems.

47 See Kahlenborn (2015): Das Konzept der Planetaren Grenzen. Kommunikative Beziige zwischen dem Konzept der Planeta-
ren Grenzen und dem IUP.
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It is difficult to say which lens - risk-aware or opportunity-orientated - is to be preferred, or which is
more effective in environmental communication. Each has its advantages and disadvantages. At first
glance a risk-aware lens supports environmental politics in many ways, for example by outlining the
importance of internationally agreed measures against detrimental global environmental change:
highlighting the global risks of global problems (four boundaries crossed) legitimizes increased inter-
national cooperation and far-reaching policies. By contrast some of the messages associated with the
opportunity-orientated lens appear to be less supportive of environmental politics, as they neither
contribute to an understanding of the risks facing humanity nor immediately support political
measures: illustrating human ingenuity could for example feed into a world view in which technologi-
cal solutions or resource efficiency measures are perceived as sufficient.

On the other hand, the more negative messages associated with the risk-aware lens could feed into a
discussion based on fear. This runs the risk of making target audiences apathetic. The more positive
messages associated with the opportunities-orientated lens, by contrast, could inspire target audi-
ences and have a positive impact on them.

The relative effectiveness of the two perspectives for reaching target audiences also depends on addi-
tional factors such as the accompanying messages, the predisposition of audiences to hear the mes-
sages, the overall communicative situation, and so on. It is thus not possible to say in advance which of
the perspectives will be more effective.

In conclusion, the fact that the planetary boundaries framework contains a multitude of different state-
ments is both strength and a weakness. It is important to realise that the planetary boundaries frame-
work cannot be reduced to a single issue, such as the safe operating space. The range of different top-
ics it covers means that it can be used in many different contexts, as is evident from our analysis of the
discourse surrounding it (see Chapter 1.5.3). Thanks to its manifold messages it is also suitable for se-
lective communication supporting environmental positions in specific debates (e.g. on climate change
or nitrogen, or in integrative environmental politics).

Furthermore, the openness of the planetary boundaries framework means it can be connected to
broader strategic discussions, such as transformative environmental politics and policies. The plane-
tary boundaries framework raises questions about the future role of environmental policy that are
also subject to perception through a risk-aware or opportunity-orientated lens. In Chapter 1.5.6, we
discuss some of the communicative functions that build on these different messages and different per-
spectives.

1.5.6 Understanding the planetary boundaries framework potential: communicative functions

From the perspective of environmental communication the most important aspect of the planetary
boundaries framework is, of course, the messages that it contains. However, as seen in our discussion
of discourses in Chapter 1.5.3, the role of the planetary boundaries framework in environmental com-
munication cannot be reduced solely to these messages. It is important to consider its wider communi-
cative functions, too.

No coherent theory on the functioning of environmental communication suitable for the research
question at hand exists at present. For this reason our examination of the communicative functions of
the planetary boundaries framework cannot draw substantially on existing theoretical concepts. It is
worthwhile, however, looking at the various functions which the planetary boundaries framework
may fulfil in environmental communication now and in the future, as illustrated in the figure below.
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Figure 51: Communicative Functions
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The planetary boundaries framework refers to matters of urgency. Part of its communicative function
is thus to serve as a wake-up call. The notion of "tipping points" implies that planetary changes could
happen abruptly and that political actors and societies have limited time to react. The planetary
boundaries framework also argues that several boundaries have already been transgressed and we are
already at risk. The planetary boundaries framework can function as a communicative device for de-
manding increased political action and civil society and business sector engagement to combat envi-
ronmental degradation, as well as further scientific research into early detection and warning.

In scientific areas the planetary boundaries framework has indeed led to increased activity, although it
is difficult to say if this is due to general scientific interest in new ideas or as a result of the wake-up
call. Overall, it appears that the planetary boundaries framework has only functioned weakly as a
wake-up call so far, perhaps due to the lack of information it contains about the implications of trans-
gressing the tipping points.

Motivating tool

The planetary boundaries framework paints a picture of humanity as a powerful force, able to drive
the planet into a new epoch - the Anthropocene. As such, the planetary boundaries framework can
function as a motivating tool for human action: if humans have the capacity to degrade the environ-
ment, they also have the capacity to save it by changing course. This is especially important as re-
search into environmental communication has shown that it is necessary for messages to show that
pro-environmental behaviour is possible (Moser 2010).

This line of argumentation has not featured much in planetary boundaries framework discussions as
yet. It contains some obvious risks: for example, it might be used to support geo-engineering activities
and hence a climate policy strategy not favoured by most actors concerned about strengthening cli-
mate mitigation. Nevertheless, it is an important aspect that should form part of the discussion.
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Reference point and orientation

The planetary boundaries framework can function as a reference point for various actors. It includes
quantifications for several boundaries in the form of the control variables and their values. Actors can
relate to the framework, especially if these boundaries are "downscaled". For example, civil society ac-
tors working in the area of species conservation can refer to the biodiversity boundary and point out
that it has already been transgressed. Environmental communication can make use of the planetary
boundaries framework as a reference point in their political strategies, too, for example when criticis-
ing policies and practices that are harmful for the environment. Initial attempts in this direction are
already underway.*8 Thus environmental policy at the national level is beginning to refer to the plane-
tary boundaries specified in the planetary boundaries framework. Some boundaries have also been
calculated for regional or local levels, informing local policies (Cole et al. 2014; Dearing et al. 2014).

Focal point and support for further discussion

The planetary boundaries framework can serve as a focal point for further discussion. It supports the
approach of environmental politics as societal politics, and of transformative environmental politics
and policies (see Chapter 1.5.5). It can be used to argue that all sectors of society need to do their share
in respecting planetary boundaries and that social politics need to take the environment into account.
To stay within the safe operating zone, cultural change is essential, including changing societal envi-
ronmental awareness.

While the planetary boundaries framework itself does not argue for transformation, it can be used to
promote it and translate it into concrete action. For example, it can be argued that the transformation
of the socio-technical regime is necessary due to the planetary boundaries frameworks findings and
must itself respect the boundaries. The planetary boundaries framework can also be used to highlight
the fact that there are limits to how much resource use the planet can absorb, and that increases in re-
source consumption are not an end in themselves (see Rockstrom 2015).

Common platform for communication

The planetary boundaries framework potentially provides a common platform for communication,
simplifying and facilitating interaction between different actors in various sectors and at various gov-
ernance levels. It supplies actors with a unified language, building on concepts that are already widely
used, such as the "risk approach”, "resilience" and the "precautionary principle" (note however the
mentioned translation issues; see Chapter 1.5.4). The planetary boundaries framework also includes a
multitude of interacting environmental processes and represents a good starting point for discussion,
grounded in scientific research.

Currently the planetary boundaries framework is still on its way to becoming a platform for such ex-
change. Within the scientific community the "pb-net" is a step in the right direction, but no more gen-
eral platform exists for other actors. The potential of the planetary boundaries framework to serve as
such a platform will depend not least on its future appeal to the various actors. In this respect, devel-
opments regarding downscaling?® the planetary boundaries framework may provide important impe-
tus.

48 See for example the research project WiLoP (lead: EEA) which applies the concept to the EU context. Compare also the nati-
onal applications for Sweden (Nykvist et al. 2013), Switzerland (Frischknecht et al. 2014) and Germany’s integrated nitro-
gen strategy (Hoff, Holger; Keppner, Benno und Kahlenborn Walter (2017): Die planetare Stickstoff-Leitplanke als Bezugs-
punkt einer nationalen Stickstoffstrategie.)

49 Downscaling refers to the spatially explicit interpretation of PBs for the respective (political) context (local to national), so
that the PBs can serve as benchmark, against which actual environmental performance, resource use and emissions of
harmful substances (“footprints”) can be compared (see also Cross Cutting Paper on Downscaling and Externalization of
Planetary Boundaries Pressures within this project).
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Conceptual frame

The planetary boundaries framework is a useful tool for framing sustainable development, environ-
mental politics and environmental policies. It can be used to describe the necessary conditions for sus-
tainable development, such as "respect the planetary boundaries". It can also be used to highlight the
tasks for environmental policies, the need for increased international cooperation and action on the
problems identified, and common and individual responsibility. Moreover, it can help frame other im-
portant processes such as the transition to resource and energy use efficiency in a Green Economy, the
SDG debate or urban transformation. It can also relate the social dimension to the environmental di-
mension (see the forthcoming input paper on social boundaries). Initial attempts in this direction have
already been made, such as the report by WBGU entitled “Human Progress Within Planetary Guard
Rails - A Contribution to the SDG Debate” (WBGU 2014). With further progress on the various plane-
tary boundaries, the PBF may become more attractive as general framework for environmental de-
bates.

Legitimisation

The planetary boundaries framework can help legitimise environmental policies by supporting the
need for stronger measures, for example in situations of political deadlock, and by underlining the im-
portance of existing policies. It can also be used to legitimise criticisms of environmentally harmful
practices and point out the need for all segments of society to consider environmental impacts, as well
as reducing resource consumption and pollution (see forthcoming short paper on planetary bounda-
ries and resource efficiency).50

The value of the planetary boundaries framework as a legitimising tool has been recognised by many
actors. As discussed in Chapter 1.5.3, the planetary boundaries framework is already often used as a
supportive argument when calling for stronger climate protection policies (for example to outline the
conditions that lead to climate refugees; see Brot fiir die Welt 2010). However, its real potential here
lies in legitimising fundamental shifts in environmental policies (see for example Steffen et al. 2011a
on the implications for economic growth). The wide-ranging implications of the planetary boundaries
framework validate the longstanding claims by some leading environmental activists that more pow-
erful action must be undertaken to ensure the Earth system's stability.

1.5.7 Understanding the planetary boundaries framework potential: target audiences

Having examined the weaknesses of the planetary boundaries framework (Chapter 1.5.4), its multi-
tude of messages and interpretations (Chapter 1.5.5) and its communicative functions (Chapter 1.5.6)
in detail, we now turn to the planetary boundaries framework potential for reaching specific target au-
diences, namely the scientific community, bodies involved in environmental policy, the business world
and the general public. We examine the issues related to each of these audiences in turn.

Scientific community

The planetary boundaries frameworks greatest potential for communication is with the scientific com-
munity. This is reflected by the number of times it has been cited in academic publications: Rockstrom

50 The short paper is the result of an international workshop on planetary boundaries and resource efficiency which took
place on February 29th in Potsdam, Germany (as part of this research project).
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etal.'s 2009 article in the journal Ecology and Society5! has been cited 292 times, while their 2009 fea-
ture in Nature52 has been cited 1,345 times (figures from Web of Science; see Figure 52 for an over-
view of publications by research field). The high number of citations is partly because the planetary
boundaries framework refers to major scientific debates and addresses many different issues. The
planetary boundaries framework also serves, as we have seen, as a common platform for scientists and
a reference point for research strategies, as well as to some extent as a conceptual framework for stra-
tegic research. Increasingly the planetary boundaries framework also provides a focal point for inter-
disciplinary research (i.e. research going beyond pure Earth systems science) and for communication
between researchers.

Figure 52: Number of Citations of Rockstrém et al. 2009 in Nature grouped by Research Areas

Rockstréom et al. 2009: A safe operating space for humanity
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Certain points of contact already exist for communicating with the scientific community. These are of
two types: (1) points of contact related to specific boundaries, such as climate change, nitrogen, water;
(2) points of contact related to other topics, such as international cooperation, regime shifts, limits, re-
source consumption, regulating ecosystem services, risk analysis, etc. These points of contact can be

51 Rockstrom, Johan; Will Steffen; Kevin Noone; Asa Persson; F. Stuart Chapin; Eric F. Lambin; Timothy M. Lenton; Marten
Scheffer; Carl Folke; Hans Joachim Schellnhuber; Bjorn Nykvist; de Wit, Cynthia A.; Terry Hughes; van der Leeuw, Sander;
Henning Rodhe; Sverker Sorlin; Peter K. Snyder; Robert Costanza; Uno Svedin; Malin Falkenmark; Louise Karlberg; Robert
W. Corell; V