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Abstract Keeping the Earth system in a stable and resilient state, to safeguard Earth's life support
systems while ensuring that Earth's benefits, risks, and related responsibilities are equitably shared,
constitutes the grand challenge for human development in the Anthropocene. Here, we describe a
framework that the recently formed Earth Commission will use to define and quantify target ranges for

a “safe and just corridor” that meets these goals. Although “safe” and “just” Earth system targets are
interrelated, we see safe as primarily referring to a stable Earth system and just targets as being associated
with meeting human needs and reducing exposure to risks. To align safe and just dimensions, we propose
to address the equity dimensions of each safe target for Earth system regulating systems and processes.
The more stringent of the safe or just target ranges then defines the corridor. Identifying levers of social
transformation aimed at meeting the safe and just targets and challenges associated with translating the
corridor to actors at multiple scales present scope for future work.

Plain Language Summary For the first time in human history, we are now forced to consider
the real risk of destabilizing our home, planet Earth. This is an existential risk, as we all need a planet

that can sustain life and provide the basis for the well-being of all people. Here, we outline a conceptual
framework for a global-scale “safe and just corridor” that delivers on these goals for people and the planet.
The recently formed Earth Commission will use this framework to map key functions that regulate the
state of the Earth system and provide life support to us humans, including processes such as biodiversity
and nutrient cycling. It will also analyze the related justice components, for each of these Earth system

ROCKSTROM ET AL.

1of7

B5UBO1 SUOLULUOD SAIER.D 3 dedt dde aup Aq peueA0b 88 Sao e YO ‘B8N JO S2INJ 10} ARIGITAUIUO AB]IA UO (SUORPUOD-PUR-SLLLBYW0D" A IM A1 1 [oU 1 JUO//SAIY) SUORIPUOD PUR SWLB L 83U 89S *[2202/TT/72] uo ARigIaulluO AB]IM EaUlo!|qIasIRISRAIUN BAN AQ 998T00430202/620T OT/10p/wod Ao M ARiq1ieuljuo'sgndnBe//sduy wo.y pepeojumoq ‘v ‘T20Z ‘LLZy8ZET


https://orcid.org/0000-0003-1424-2660
https://orcid.org/0000-0001-9719-9826
https://orcid.org/0000-0003-0411-8519
https://orcid.org/0000-0001-5603-1015
https://orcid.org/0000-0001-6556-8041
https://orcid.org/0000-0002-6540-3586
https://orcid.org/0000-0003-4746-8236
https://orcid.org/0000-0003-1513-3765
https://orcid.org/0000-0003-2734-851X
https://orcid.org/0000-0003-2256-6649
https://orcid.org/0000-0002-3534-5987
https://doi.org/10.1029/2020EF001866
http://crossmark.crossref.org/dialog/?doi=10.1029%2F2020EF001866&domain=pdf&date_stamp=2021-04-05

A2 |
ra\*“1%
ADVANCING EARTH
AND SPACE SCIENCE

Earth’s Future 10.1029/2020EF001866

target domains, in terms of how such ranges can be defined and how nature's contributions to people can
be justly shared. Furthermore, social transformations that meet safe and just targets for all people and
how the global-scale targets can be translated to targets for actors at other scales will be explored.

1. Introduction

Human development depends on safeguarding the stability of the planet (Steffen et al., 2018; Xu et al., 2020).
Current human activities, especially of high consuming wealthy societies, are threatening the stability of
Earth's life support systems and its capacity to support our future well-being in the Anthropocene (Steffen,
Broadgate, et al., 2015). Simultaneously, key human development needs remain, including attaining the
UN Sustainable Development Goals for all by 2030, and ensuring continued human well-being for a world
population of possibly 10 billion people in 2050. Addressing these challenges requires a full integration of
people’s lives and the planet's stability.

Critical to achieving a full integration of ‘safe’ and ‘just’ is to scientifically assess a safe and just corridor for
human development on Earth (Figure 1), which we define as follows:

Safe Earth system targets are those where biophysical stability of the Earth system is maintained and
enhanced over time, thereby safeguarding its functions and ability to support humans and all other
living organisms.

Just Earth system targets are those where nature's benefits, risks, and related responsibilities are eq-
uitably shared among all human beings in the world.

A safe and just corridor for people and the planet is where safe and just Earth system target ranges
overlap.

This corridor bounds pathways of future human development that are both safe and just over time. This
safe and just corridor will provide high-level “outcome” goals and the context for companies, cities, govern-
ments, and other actors who want to take action by operationalizing scientifically guided sustainability in
their ventures (Andersen et al., 2020). Safe and just also implies that the Earth's natural resources, such as
budgets for carbon, nutrients, water, and land, are finite (defined by safety) and have to be shared between
people and with nature.

Figure 1. The challenge: To define, and navigate toward, a safe and just future for people and the planet.
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We use target in the general sense of a measurable goal or objective, such as the target to limit climate
change to “well below 2°C” (UNFCCC, 2015; Xu & Ramanathan, 2017), and target range to emphasize both
(i) the uncertainty in science for both safe and just target setting, and (ii) our goal of synthesizing a range
of safe and just conditions rather than prescribing any specific solution. We distinguish between scientific
Earth system targets, targets at the global or near-global scale that are generated primarily by scientific in-
quiry but may be informed by societal judgments about risks (Pickering & Persson, 2020), and science-based
targets, targets for actors that are aligned with scientific evidence but which may involve negotiations based
on responsibility and feasibility (Andersen et al., 2020). Hence, practical downscaling of global scientific
targets to specific science-based targets for different actors is beyond the scope of this study.

Previous frameworks, such as the planetary boundaries (Rockstrom et al., 2009) and donut economics
(Raworth, 2018), have advanced our understanding of safe ceilings on human disruptions of the Earth system
and just foundations for human access to natural resources. These frameworks, however, do not fully inte-
grate safe and just, representing them with different dimensions (Earth system processes vs. social goals) and
uncomparable variables. How biophysically “safe” targets can be achieved while also meeting goals for hu-
man well-being and justice is difficult to explore in such frameworks, for example, determining a safe and just
allocation of land for food production. Furthermore, these prior frameworks explicitly incorporate neither
sub-global scales (Dearing et al., 2014), interactions and feedbacks between variables (Lade et al., 2020), nor
potential trade-offs between planetary targets and development and equity (Biermann & Kim, 2020; Pickering
& Persson, 2020). An integrated framework is needed that aligns safe and just Earth system variables while
also accounting for sub-global scales and interactions between Earth system processes. We now expand on
the motivation, definition, and challenges associated with our proposal of an integrated safe and just corridor.

2. Defining Safe Earth System Targets

We are now experiencing rapid global changes due to human pressures in the Anthropocene, likely exceed-
ing ‘safe’ levels in several dimensions. Species extinction rates are tens to hundreds of times higher than
they were on average over the last 10 million years with an average of 68% decline in wild animal popu-
lations since just the 1970s (WWF, 2020); we have the highest atmospheric concentration of greenhouse
gases in the last 3 million years, a geological period (the Quaternary) when global mean temperatures never
exceeded 2°C of global warming above pre-industrial levels (Steffen et al., 2018); nine tipping elements that
regulate the state of the Earth system have known tipping points that show worrying signs of destabiliza-
tion (Lenton et al., 2019); and we have widespread pollution of air and water through our use of minerals,
chemicals, and novel substances. The frequency of spillover of zoonotic diseases from animals to humans
has increased (Karesh et al., 2012), most recently manifested in the COVID-19 pandemic, with zoonotic
host diversity rising with human degradation of natural habitats (Gibb et al., 2020). There is an urgent need
to define the safe targets for a stable Earth system, where risks of human-triggered irreversible changes and
crossing of tipping points (Lenton et al., 2019) are avoided.

The scientific community has provided evidence-based targets to avoid dangerous climate change
(Hoegh-Guldberg et al., 2018) or loss of biodiversity and its contributions to people (IPBES, 2019): for ex-
ample, the “safe” climate target of holding global mean temperature rise well below 2°C (aiming at 1.5°C)
above pre-industrial levels (UNFCCC, 2015). “Safe” targets are needed for the other vital processes and
systems that regulate the state of the planet—including the appropriate allocation and configuration of land
use, the health of the oceans, and the global cycling of nitrogen, phosphorus, and water that supports life.

Identifying safe ranges for these systems in isolation, for example as the planetary boundary framework
has done (Rockstrom et al., 2009; Steffen, Richardson, et al., 2015), will not be enough to describe a safe
corridor. The complex interactions and feedbacks among Earth system processes must be considered and
can make a corridor much narrower (Lade et al., 2020). It is crucial to establish the key feedbacks regulat-
ing, or destabilizing, each safety variable, and how they interact on different timescales. To quantitatively
assess and combine these feedbacks, an established but under-used approach of calculating and combining
feedback “gain” factors (Lashof, 1989) can provide a useful framework. This framework needs to be fed with
information on key relationships from running Earth system and integrated assessment models, including
“off-line” model coupling (using the outputs of one as inputs to the other) to relate safety variables that are
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in separate models. Setting “safe” targets also need to account for timescales in the Earth system, for exam-
ple, incorporating the change to future states of the Earth system committed by pressures now. And, the
Earth system interactions may mean the safe corridor changes over time.

A useful reference Earth system state for defining safe targets is the Holocene, which began around
11,700 years ago. The Holocene's relatively stable climate, together with its configurations of biogeochem-
ical cycling, and nature's contributions to people, have enabled extraordinary human development—from
multiple independent origins of agriculture to increasingly integrated complex cities, economies, energy,
agricultural, and communication systems. Only within a Holocene-like inter-glacial climate can we be cer-
tain that Earth can continue to support human development (Steffen et al., 2018). There is no evidence that
billions of humans and complex societies can thrive in other known climates, such as the glacial ice age or
Hothouse Earth (Steffen et al., 2018).

3. Integrating Justice in Earth System Targets

Human choices and actions could narrow or widen the safe and just corridor for human development.
Considering the complex interactions, feedbacks, and non-linearities within and between societal activ-
ities and Earth system behavior, we need to advance beyond previous frameworks such as the “donut”
(Raworth, 2018) to understand when “safe” and “just” ranges do and do not overlap.

First, an “unsafe” world is likely to increase inequality, so “safe” would seem a necessary pre-condition for
“just”—Dbut not always a sufficient one. A “safe” target from a biophysical perspective may not be adequate
to prevent large-scale risks to humans in specific contexts. For example, there are large risks for many hu-
man populations even with a 1.5°C climate target (Hoegh-Guldberg et al., 2018).

Second, a key question is how biophysically “safe” targets can be achieved while also meeting goals for
human well-being and justice. For example, meeting the social goals of Agenda 2030 without widespread
transformations may lead to crossing safe targets for the biophysical state of the Earth system (Sachs
et al., 2019). Achieving biophysical targets, such as 1.5°C for climate or increasing ecosystem protection,
can undermine well-being, if, for example, bioenergy competes with food production, or protected areas
undermine local livelihoods (Hasegawa et al., 2020).

Third, risks of exceeding safe and just targets are amplified for vulnerable people and can affect human
health, displace people, and destabilize societies. At the same time, those most negatively impacted by
environmental changes are often those who contribute the least environmental impact and have the low-
est resilience and capacity to adapt (Gupta et al., 2020). A quarter of all death and disease is attributable
to environmental causes (McClain et al., 2019). Extreme weather events disproportionately kill or harm
the poor, women, the elderly, children, and indigenous people (McClain et al., 2019). Climate change may
displace millions of people particularly in poorer parts of the world (Xu et al., 2020). The COVID-19 pan-
demic, linked in part to natural decline and greater human-wildlife contact (Gibb et al., 2020), has dispro-
portionally affected the more vulnerable (Mesa Vieira et al., 2020). Their vulnerability is not innate but is
often created by societal structures, attitudes, and governance systems that are unjust and do not prioritize
well-being for all.

‘We propose that the stricter of the safe and just target ranges for each variable should define the safe and
just corridor (Figure 2). Furthermore, we propose to identify a spread of safe and just targets corresponding
to different physical risk tolerances and different understandings of environmental justice. For example,
a climate target that is just for all humans could be stricter than a target that avoids most climate tipping
points, which in turn could be stricter than a target that is just for only a minority of humans.

4. Levers of Transformation and Challenges of Translation

By identifying safe and just target ranges, the question arises: How can we achieve these targets and live within
the corridor? Transforming toward a “just” world may be a pre-condition for being able to achieve a “safe”
world. Leverage points to achieve such transformations are essential for governing our commons. They need to
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(a) Biodiversity —. Safe (b) '
— Just State variable
(e.g. climate change, °C)

A

e T Safe
Se— Just
Land use I

corridor

Climate
change

Nutrients and

pollutants Water

(c) State variable
(e.g. climate change, °C)

A

25% probability of avoiding

Survival of human species tipping point

50% probability of avoiding
tipping point

Just for most 90% probability of avoiding
| tipping point

Benefits 50% of humans

1

Just for all

Figure 2. Integration of safe and just targets into the corridor. (a) For each biophysical variable, safe and just target
ranges are identified. (b) We define the corridor (shaded) as the stricter of the safe and just ranges. In this example, the
just range is stricter than the safe range. (c) We propose to identify a spread of safe and just target ranges corresponding
to different risk tolerances. The variables and targets shown are strictly examples only.

be explored from equity, responsibility, and risk sharing, and participatory perspective to be effective (Ostrom
etal., 1999) in the increasingly crowded, hyper-connected, turbulent, and high-risk world of the Anthropocene.

A key challenge is to identify systems that enable sharing of Earth's limited resources and nature's benefits
to ensure human well-being in equitable ways. Agenda 2030 (UNGA, 2015) provides a global consensus on
key justice principles of access and a starting point for an analysis of a safe and just corridor that aims to
ensure that “no one will be left behind.” But while it calls for reducing inequality, it has yet to set targets
relating to how resources and risks should be shared. Although it calls for strengthening the means of
implementation, it is unclear how such transformations will actually be leveraged. Learning the lessons re-
garding equity in sharing resources, rights, responsibilities, and risks is critical (Ensor & Hoddy, 2020). For
example, the evolution of transboundary water law has led to the identification of key criteria for sharing
water between nations (UNGA, 1997). Furthermore, the politics of who gets what, when, where, and how
is often determined by those who are more powerful in the system. Rules of access and distribution then
become locked-in and difficult to transform. Existing environmental assessments, with a few exceptions
(IPBES, 2019), often do not make space to discuss the critical political science and international relations
literature with respect to these issues.
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An independent synthesis of the broader social science literature is needed to map out: which response
strategies are most effective in managing not just the symptoms of a problem but its underlying causes;
which response strategies match the diversity and evolving nature of societies, cultures, economies, and
technologies, and fulfill minimum criteria for ethics, transparency, trust, collaboration, recognition, and
inclusive governance; the trade-offs and synergies between different goals and targets; and which actors and
levers are most effective in enabling a transformation which shares the remaining Earth's resources in a just
way, to ensure the continued functioning of Earth system processes for human development.

To put any of these ideas into practice requires the involvement of diverse actors across scales from the local
to global (Ostrom et al., 1999). While cross-scale translation is necessary to inform decisions by such actors at
sub-global scales, translation is complicated by the spatial heterogeneity of pressures and impacts (Biermann
& Kim, 2020) and the value-laden (Biermann & Kalfagianni, 2020; Hdyhi et al., 2016) and potentially iterative
(Pickering & Persson, 2020) judgments involved in the allocation of these targets. Therefore, a synthesis of
the challenges associated with translating global-scale Earth system targets to actors at other scales is needed.

5. Conclusions

We have introduced a conceptual framework for defining a safe and just corridor for human development
in the Anthropocene. The Earth Commission (https://earthcommission.org/), convened by Future Earth,
is an independent international scientific assessment initiative that will use this framework to conduct a
scientific assessment of the safe and just corridor. As part of the Global Commons Alliance (https://global-
commonsalliance.org/), the Commission's theory of change includes providing results to the Science-Based
Targets Network (SBTN), the Systems Change Lab, and Earth HQ, who jointly will mobilize actors to take
appropriate measures. In particular, the Earth Commission's report will be used to underpin the develop-
ment of science-based targets for business and cities by SBTN.

The Earth Commission now faces the challenge of identifying an integrated safe and just corridor for people
on Earth, based on safe and just targets for all Earth system regulating systems and processes such as land,
oceans, biodiversity, water, and nutrient cycles (nitrogen and phosphorous). We will then analyze levers of
transformation and review methods and challenges associated with translating the safe and just corridor
to actors across scales. We see this task as a much-needed advancement of integrated global sustainability
research aimed at finding solutions for human development in the Anthropocene. We welcome scientific
inputs based on new or existing work from scholars around the world to secure our future on Earth by de-
fining a safe and just corridor and addressing this grand challenge on how to define scientific targets and
levers of transformation (please submit through https://earthcommission.org/contribute/). Earth system
and integrated assessment modeling groups are specifically sought to join in formulating the protocol and
running a set of simulations for a new Earth and human system model inter-comparison project.

The present mutually reinforcing crises of climate change, biodiversity decline, and health problems illustrate
that this frontier research is overdue. The COVID-19 pandemic shows that many jurisdictions are willing to
prioritize health over monetary wealth, even if briefly, opening up transformation lessons for the future.

Data Availability Statement

Data were not used, nor created for this research.
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