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Key Points:

Human activity has pushed the planet beyond safe and just limits, endangering stability
and the well-being of billions.

A just and rapid transformation is needed to shift toward a liveable future for both
people and the planet.

The Earth Commission provides science-based tools to guide systemic change across
scales and sectors.
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Abstract

Humans are now operating well outside the planetary conditions that enabled stable and
equitable development. The situation is urgent — we need a swift and profound shift in
direction — a collective transformation. In response, the Earth Commission has developed a
science-based framework that integrates biophysical limits with justice considerations, aiming
to secure a liveable and dignified future for all. The Earth Commission’s first assessment
showed that multiple safe and just Earth system boundaries have already been transgressed,
threatening the resilience of the planet and the well-being of billions. This paper outlines the
vision and scientific strategy for the Earth Commission’s second phase (2024-2027), which
focuses on advancing this framework and translating it into actionable budgets and exploring
transformation pathways to a safe and just space. Key components include expanding the safe
and just boundary assessment to currently under-assessed Earth system processes (e.g., novel
entities and ocean change), integrating justice more deeply into the framework, modelling
interactions between boundaries and tipping points, and developing practical approaches to
cross-scale translation and transformation. Special attention is given to the structural
inequalities and power dynamics that shape both environmental degradation and our capacity
to act. Through coordinated research, interdisciplinary collaboration, and stakeholder
engagement, the Earth Commission seeks to provide knowledge to guide collective efforts
toward transforming to a safe and just space for both people and the planet.

Plain Language Summary

People around the world are already feeling the effects of a planet under pressure-from climate
change and biodiversity loss to rising inequality. Scientists are warning that we are pushing
Earth's life-support systems beyond their safe limits, putting both nature and human well-being
at serious risk. In response, the Earth Commission has created a new science-based framework
that brings together environmental limits and fairness. This helps define what a "safe and just"
future looks like-one where the planet stays stable and all people have a chance to live with
dignity. This paper shares the Commission's vision and next steps for turning that framework
into practical tools and targets that decision-makers can use. The next phase of work focuses on
improving our understanding of under-explored threats like pollution and ocean change,
deepening the role of justice in our analysis, and identifying fair ways to share responsibility for
staying within Earth's limits. It also looks at how big changes to systems like energy and food
can help move us into the safe and just space. The goal is to support faster, fairer action that
protects both people and the planet.

1 Introduction

We are living in the Anthropocene — a proposed epoch fundamentally distinct from the
Holocene, characterized by human activities' profound and accelerating influence on Earth’s
geology and ecosystems (Ellis et al., 2021; Folke et al., 2021; Steffen et al., 2018). The drivers,
pressures and impacts have intensified dramatically since the mid-20th century, a period that
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can be characterised as the Great Acceleration, marked by exponential growth in resource
consumption, pollution, biodiversity loss, and climate change (Steffen et al., 2015).

We have now overshot several planetary boundaries and exceeded the Earth system’s
safe and just operating space, putting societies and nature at existential risk (Gupta et al., 2024;
Richardson et al., 2023; Rockstrom et al., 2023a). The situation is urgent — we need a radical
and rapid collective change of direction — a transformation. This needs to be underpinned by a
continued assessment of the safe and just boundaries to inform our collective position with
respect to them. But it also requires a deep inter- and transdisciplinary effort to identify
transformative pathways that can get us back within the safe and just operating space. These
are the key tasks for the second phase of the Earth Commission (EC).

The Anthropocene has ushered in a new global risk landscape where risks are
increasingly interconnected and unequally distributed (Crona et al., 2021; Keys et al., 2019; Lam
et al., 2020; Rockstrom et al., 2023b). Crises such as pandemics, financial collapse, and
synchronized food shocks now propagate more rapidly and with greater geographic reach,
often exacerbating pre-existing inequalities (Frank et al., 2014; Homer-Dixon et al., 2015).
Meanwhile, human activities continue to destabilize Earth’s life-support systems, threatening
human health, livelihoods, and the survival of countless species.

Six of the nine planetary boundaries that define a safe operating space for humans have
already been breached, including those related to climate change, biosphere integrity, land
system change, freshwater change, biogeochemical flows (nitrogen and phosphorus), and novel
entities (e.g., synthetic chemicals, plastics) (Richardson et al., 2023). There are signs, such as the
weakening of marine and terrestrial natural carbon sinks, that the Earth’s biogeochemical and
physical capacities to maintain resilience are reaching saturation points (Abrams et al., 2023; Ke
et al., 2024; Lee et al., 2025). There is a risk that we are approaching multiple Earth system
tipping points, the crossing of which would cause substantial and often irreversible changes in
the Earth system, such as the collapse of ice sheets and dieback of biodiverse biomes (Abrams
et al., 2023; Armstrong McKay et al., 2022). This could potentially lead to conditions that
resemble planetary states that were last seen several millions of years ago, and that would be
inhospitable to modern human societies and many other contemporary species (Steffen et al.,
2018).

The Anthropocene has emerged from complex, uneven development patterns across
different regions and populations. Research indicates that both industrialization and resource
extraction have historically been geographically concentrated thus leading to disproportionate
contributions to global greenhouse gas (GHG) emissions and material resource use (Heede,
2014; Hickel et al., 2022; Rammelt et al., 2023; Wiedmann et al., 2020). Historical development
trajectories and associated inequalities have played a significant role in shaping contemporary
patterns of environmental impact and economic organization (Acemoglu et al., 2001). The
persistence and institutionalization of these dynamics continues to influence the distribution of
environmental and economic outcomes, at times contributing to the reproduction of
inequalities and unsustainable development pathways (Rempel and Gupta 2020). Market-based
mechanisms, while politically feasible, may in some contexts crowd out more comprehensive
policy responses that could address underlying structural drivers. As a result, certain
populations — particularly in low-income regions, but also within high-income countries — may
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be more exposed to or affected by environmental risks. These impacts are uneven and
mediated by demographic, geographic, and socio-economic factors.

Large segments of the global population struggle to meet basic needs, while others
consume resources at excessive and unsustainable levels (Zimm et al., 2022). The wealthiest
individuals and nations exert enormous pressure on the Earth system (Rammelt et al., 2023).
High-income countries, which make up just 16% of the global population, are responsible for
74% of global resource consumption, underscoring extreme disparities in material footprints
(Hickel et al., 2022). These inequalities are not only economic but extend across political,
social, environmental, and knowledge domains, creating structural barriers to sustainability and
resilience. While evidence for inequality has been found in societies for the past 10,000 yt (Ten
Thousand Years of Inequality, 2018), global inequalities today (spanning wealth, resource
access, and decision-making power) are at levels comparable to those seen during the peak of
Western imperialism in the early twentieth century (Chancel et al., 2021; Piketty and Saez,
2014). This modern period of inequality has fostered new vulnerabilities, reinforcing cycles of
disadvantage while consolidating power and wealth among a select few (Rammelt et al., 2023).
These disparities not only undermine social and environmental justice, but also exacerbate
global risks by limiting collective capacity for transformative change. Research in the behavioral
sciences further shows that such extreme inequality is associated with reduced subjective well-
being, and can erode interpersonal trust and cooperation (Cardenas, 2003) and confidence in
institutions — both of which are critical for fostering collective action and building the
governance pathways needed to stay within safe and just boundaries (Barone and Mocetti,
2016; Guroglu et al., 2014, 2010).

The Earth System Justice framework was developed in response to the evidence of
these large and growing inequalities and injustices in the Anthropocene (Gupta et al 2023).
Embedding justice perspectives in the context of planetary boundaries was the first step in
defining a future safe and just space (Rockstrom et al., 2023). This recognized that not all safe
boundaries are just, and therefore we need to define boundaries that are both just and safe.
We note that a just boundary is a necessary but not sufficient condition for justice, as among
others, the boundary must also be justly met at multiple levels of governance (Gupta et al.,
2025). Knowing/quantifying these boundaries is critical in being able to chart transformations
towards a safe and just space for nature and humans. These transformations are rapidly
becoming essential, as exceeding safe and just boundaries or failing to meet basic needs
threatens both human health and the stability of the Earth system, not only in the present, but
for many generations to come. Fundamental system-wide transformations are needed,
including addressing consumption patterns, value systems, governance structures, economies,
institutions and the role of technological innovation in meeting societal needs — all of which are
enabled by inherent power relations that determine who decides, who benefits and who is left
behind. A holistic safe and just approach is essential, because the resilience of the Earth system
and social inequality are deeply interconnected (Gupta et al., 2023). Neglecting one
exacerbates the other, leading to instability and crises. It requires maintaining and enhancing
the resilience of the Earth system over time — thereby safeguarding its functions and ability to
support humans and all other living organisms —and an equitable sharing of nature's benefits,
risks, and related responsibilities among all human beings in the world.
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2 The Earth Commission 2024-2027: Charting a course toward a Safe and Just future
2.1 Safe and just boundaries: Addressing the whole Earth system and interactions

The Earth Commission’s (EC) first assessment phase (Box 1) aimed to define the
biophysical limits within which the Earth system can remain stable (safe), while also preventing
significant harm or deprivation (just). It also acknowledges the need for iterative refinement: as
new scientific knowledge emerges, the Earth Commission will continue updating and improving
boundary definitions. Building on this foundation, the Commission’s work offers a unified and
integrated framework for guiding transformations toward a safe and just future for all people
and the planet. This framework includes approaches for translating safe and just boundaries
into actionable targets across multiple scales — from supranational and national levels to cities
and local actors.

In the next phase of work, the EC aims to provide safe and just boundary quantifications
for the remaining critical Earth system processes not yet assessed — namely novel entities and
ocean change. The broader objective is to establish a global science assessment mechanism for
safety and justice across all biophysical processes and systems that regulate the function, state,
and life-support capacity of the planet (Box 2).

A novel contribution of this phase will be the development of “burning ember” diagrams
— visual tools adapted from the IPCC — to illustrate how risks to both biophysical and human
systems escalate across thresholds. These diagrams will help enhance cross-boundary
consistency and serve as powerful communication tools to convey how environmental and
social risks increase with proximity to or transgression of key safe and just boundaries. Another
important advancement will be the introduction of more rigorous criteria for defining just
boundaries and assessing their interconnections. This includes specifying standards for
minimum, medium, and limitarian levels of access and impact; clarifying the interdependencies
between different minimum living standards; and identifying guiding principles for just
transformations. These developments will be informed by emerging work on distributive
justice, particularly the drivers of “acceptable” and “unacceptable” inequalities.

2.1.1 Safe and just boundaries for novel entities

Since the mid-20th century, novel entities such as manufactured chemicals and
materials have proliferated, profoundly reshaping societies. However, the balance between
their benefits and risks is increasingly uncertain at a global scale, with scientific and regulatory
oversight diminishing. Scholars argue that the planetary boundary for novel entities (formerly
known as the planetary boundary for “chemical pollution”) has already been exceeded, citing
the exponential growth in chemical production and releases, the increasing number of
registered chemicals and their potential to cause multifaceted effects on the environment,
ecosystems and humans, and critical data gaps to capture the complexity of this boundary
(Persson et al., 2022).
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The EC aims to assess and define safe and just boundaries for novel entities. A starting
point will be on novel entities for which sufficient data is available, using existing regulatory
safety thresholds as benchmarks, and taking into account diverse impacts across different
geographical and time scales. This analysis of “known knowns” will provide the basis for
exploring boundaries that reflect the latest understanding of the maximum cumulative loading
of novel entities that the Earth systems can tolerate, before irreversibly shifting in their
function, stability and life-support. The careful distinction between the safe and just Novel
Entities boundaries will be made. For the safe boundary, we are setting thresholds for avoiding
risks of causing changes (potentially irreversible) in the functioning of the Earth system, e.g.,
through the accumulation of novel entities and/or novel entities that once loaded into the
Earth system, never disappear. The just boundary will focus on impacts of novel entities on
human health, livelihoods and wellbeing. A life-cycle approach will be employed, assessing a
selection of novel entities from extraction to disposal.

Additionally, a horizon-scanning analysis, building upon expert evaluation and advanced
data technologies such as large language models and machine learning, will help identify
previously overlooked or emerging novel entities that need to be taken into consideration
(“unknown knowns”), as well as explore how future trends (e.g. climate change) may
exacerbate the impacts of novel entities with the aim to provide a more comprehensive and
forward-looking assessment of novel entities.

2.1.2 Safe and just boundaries for ocean change

The ocean covers more than 70% of the planet and plays a fundamental — if not ultimate
—role in regulating Earth system functions, including carbon sequestration and heat absorption
(Cheng et al., 2022; Siegel et al., 2023). It is home to some of the most biodiverse ecosystems,
such as coral reefs, as well as some of the least explored habitats and undiscovered species in
the deep sea (Amon et al., 2016). Blue or aquatic foods (derived from wild and farmed ocean
animals and plants) are central to the diets and nutritional security of billions of people
worldwide, and underpin the livelihoods, economies, and cultural identities of many coastal
and riparian communities (Cisneros-Montemayor et al., 2016; Srinivasan et al., 2010; Tigchelaar
et al.,, 2022).

Yet the ocean is undergoing unprecedented change. Fisheries collapse, eutrophication,
sea level rise, intensified storm surges, and coastal flooding are compounding risks for billions
of people, threatening both livelihoods and critical coastal ecosystems. Small Island Developing
States (SIDS) and coastal Least Developed Countries (LDCs) are expected to be
disproportionately affected (Lam et al., 2020; Sumaila et al., 2019). Simultaneously, a surge in
global competition for ocean resources — referred to as the “blue acceleration” —is generating
complex ecological, economic, and equity challenges (Jouffray et al., 2020; Sumaila and
Villasante, 2025).

Ongoing climate change, unprecedented ocean warming and acidification further
compromises the ocean’s capacity to sustain key Earth system functions, such as absorption of
carbon dioxide. The risk of crossing tipping points — such as a shutdown of the Atlantic
Meridional Overturning Circulation (AMOC) or collapse of fish populations — is growing (Lee et
al., 2025; Rocha et al., 2014). In parallel, an emerging literature on ocean or “blue” justice
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highlights the need to define what just boundaries might entail from a marine perspective
(Bennett et al., 2021; Blythe et al., 2023).

The EC’s assessment of safe and just boundaries for the ocean will focus on identifying
key Earth system processes — such as marine biogeochemical cycles, ocean acidification and
deoxygenation, marine biomass, and fisheries — that can represent oceanic dynamics within the
planetary boundaries framework. By integrating insights from both social and natural sciences,
this assessment aims to identify appropriate control variables and assess thresholds that
safeguard Earth system resilience while ensuring equitable access to marine resources.

The EC has launched a collaborative and interdisciplinary process to refine these control
variables. Candidates include ocean deoxygenation, sea surface temperature (SST), marine
biodiversity and habitat loss, trophic structure, fish biomass and catch data, and justice-related
indicators such as access to fish for small-scale fisheries and nutritional reliance on marine
foods. Emphasis is placed on selecting variables that capture critical biophysical thresholds
while also reflecting ecosystem functionality and social equity. Interlinkages — such as how
habitat degradation affects biodiversity, trophic dynamics, and ecosystem service delivery —are
being systematically explored. A conceptual framework has been developed to represent these
interactions and guide the design of integrated modelling approaches. Ongoing efforts focus on
refining variable definitions, assessing data availability and policy relevance, and developing
methodologies to support the operationalization of safe and just boundaries for the ocean.

2.1.3 Interacting boundaries: understanding cross-system feedbacks and risks

The Earth system operates as an interconnected whole; approaching or crossing one
safe and just boundary can add pressure to others and amplify systemic risks. For example,
climate change weakens the biosphere’s resilience, making ecosystems more vulnerable to
additional stressors, and reduces the capacity of nature to sequester carbon under stress.
These cascading effects can trigger abrupt shocks, posing severe risks to present and future
generations. These interactions can effectively shrink the safe operating space for humans,
making efforts to return within it more challenging (Lade et al., 2020). On the other hand, a
stronger grasp of these interactions offers substantial scope for better designing transformation
pathways and informing decision-making. In some cases there are opportunities to benefit from
synergies between different Earth system processes: if impacts on one safe and just boundary
are decreased, impacts on other boundaries may also lessen. An example is the alignment
between biosphere stewardship and climate goals (Rockstrém et al., 2021) through modest
reforestation projects that are adapted to the local socio-ecological contexts (Portner et al.,
2021). The opposite is also possible: measures to improve performance on one boundary might
impact negatively on another one. For example, where large-scale cultivation of biofuel crops
or increased forest harvesting for biofuels might have positive impacts on reduced CO2
emissions, it might have a tradeoff on ecosystem intactness and integrity (Tudge et al., 2021).
Quantifying these interactions remains a critical challenge to better understand the safe and
just operating space as a whole and to find effective transformation pathways. In this phase,
the EC will systematically assess interdependencies among safe and just "ceilings" as well as
between the Earth system "ceilings" and justice (minimum access) "floors" across different
boundaries. This work includes reviewing empirical evidence, modeling cross-boundary
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interactions, and evaluating their governance implications with respect to setting science-based
targets, identifying the target space for transformation, minimizing harm, promoting just
access, and mitigating systemic risks.

3 Minimum access and the foundations of a safe and just space

In its second phase, the EC will expand its concept of just foundations to include a
broader set of basic human needs — such as education, healthcare, digital connectivity, and
clothing—that are fundamental to human well-being. While these needs are widely recognized
in global human rights frameworks and the Sustainable Development Goals (SDGs), they were
not fully integrated into the research and synthesis of the Commission’s first phase (Gupta et
al., 2024; Rammelt et al., 2023).

The environmental implications of meeting these needs, across the multiple Earth
system processes, will be systematically assessed at three levels of access. The first level
combines the concepts of dignity and poverty alleviation, reflecting the minimum resources
required for individuals to escape poverty and live with dignity. The second level is inspired by
the Decent Living Standards (DLS) framework (Rao and Min, 2018), which includes access to
nutritious food, sanitation, clean water, modern energy, adequate housing, communication,
education, and healthcare. This level represents a socially and environmentally viable
foundation for most people to lead flourishing lives with a limited ecological footprint. The third
level addresses the upper bound of consumption, building on emerging frameworks such as
limitarianism and sufficiency, which propose maximum thresholds for individual environmental
impact. This assessment will map and evaluate such frameworks in terms of their scientific
basis, feasibility, and potential contributions to Earth system stability.

Achieving just access to resources within safe and just boundaries presents significant
challenges due to entrenched global inequalities (Chancel and Piketty, 2021). In its second
phase, the Earth Commission C will quantify minimum, medium, and maximum levels of
consumption and resource use — aligned with justice and Earth system stability — to assess
what levels of inequality are scientifically and socially acceptable without undermining the trust
and cooperation needed for collective action (Barone and Mocetti, 2016). The Commission will
evaluate approaches to equitable resource distribution as a strategy to remain within the safe
operating space while ensuring universal access to basic needs (Gupta et al., 2023).

This includes assessing existing frameworks for sharing resources equitably — such as in
water governance (Fukuda et al., 2019; Bayu et al., 2020) — as well as legal and ethical principles
like “polluter pays,” “ability to pay,” “no significant harm,” and “historical responsibility”.
Concepts such as carbon debt, linked to historical emissions and resource extraction, will be
examined for their relevance in allocating differentiated responsibilities across regions and
sectors.

The EC will also analyze how power dynamics shape unjust outcomes — highlighting the
use of legal, financial, or institutional instruments that entrench inequities — and identify ways
to counterbalance these. Mechanisms for redistribution that simultaneously curb
overconsumption and meet essential needs — what has been called “saving two birds with one
stone” (Sumaila et al., 2024) — will be explored. This includes assessing literature on systemic
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redistribution, technological innovation, shifts in global power, and structural change aimed at
decoupling human well-being from environmental harm.

4 Modelling tipping points: The TIPMIP Initiative

The risk of transgressing critical thresholds triggering abrupt or nonlinear changes in the
Earth system increases with continued human pressure (i.e., via the emission of greenhouse
gases, land-use change, etc.). Key components of the Earth system, including the Greenland and
Antarctic ice sheets, permafrost, the Atlantic Meridional Overturning Circulation (AMOC), and
boreal and tropical forests as well as mountain glaciers, terrestrial hydrological systems and the
Sahel region, have been identified as possibly containing self-amplifying feedbacks, wherein
transgressing critical thresholds would threaten the health and livelihoods of billions of people.
While there is agreement on the possibility of nonlinear and irreversible responses of parts of
the climate system, the nature and characteristics of tipping dynamics are not well-constrained,
such that critical knowledge gaps remain (Armstrong McKay et al., 2022; Kopp et al., 2025;
Stocker et al., 2025; Wunderling et al., 2024). Furthermore, many of the underlying feedbacks
and interactions between different processes in the Earth system are not fully understood.
Additionally, they are not always included (or are inadequately represented) in models (Jones
et al., 2024). And there is a paucity of observational data for model input and validation,
particularly on long timescales (Loriani et al., 2025).

Despite these uncertainties, scientific assessments increasingly highlight the risks
associated with tipping dynamics, as tipping points must be taken into consideration when
setting both safe and just boundaries. The most recent Synthesis Report of the
Intergovernmental Panel on Climate Change (IPCC) highlights the potential high risks posed by
tipping dynamics as well as the substantial uncertainties associated with them. It presses the
need for additional and more robust lines of evidence, such that an entire chapter of the
upcoming IPCC report will be devoted to this topic. The Tipping Points Modelling
Intercomparison Project (TIPMIP), an international community effort to address the critical
knowledge gaps regarding tipping dynamics, has been organised to work towards a multi-model
assessment of the associated likelihoods and biophysical impacts. No such systematic approach
to investigate tipping point risks in a standardized way across biophysical domains exists as of
yet. TIPMIP aims to provide a systematic analysis for key Earth system components, including
the ice-sheets, ocean, permafrost and different biomes, based on state-of-the-art Earth System
Models as well as stand-alone domain models. Numerical process-based modelling will advance
the understanding of crucial feedbacks, and to quantify uncertainty ranges for critical
thresholds based on ensembles of scenarios, parameters, and other modelling choices. Multi-
model assessments and Model Intercomparison Projects (MIPs) are a well-established and
widely used means of improving and consolidating scientific understanding, thereby supporting
and informing climate policy, and in particular, will help constrain safe (planetary) boundaries
by identifying the critical temperature thresholds at which tipping points may be triggered.
Furthermore, TIPMIP will provide the data crucially needed for robust assessments of expected
tipping impacts, to inform harm assessments.
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5 Operationalizing boundaries: actors, agency, and translation

The EC will continue to advance the conceptualisation and synthesis of methodological
approaches for cross-scale translation of safe and just boundaries for operationalisation by
actors, building on the general principles, allocation approaches, and a protocol developed
during the previous phase. Specifically, the aim is to begin testing and applying these in
selected case study locations to operationalise specific safe and just boundaries. Such
applications will allow further refinement of cross-scale translation methodologies to better
reflect socio-economic and ecological contexts, as well as Earth system justice. As previously
articulated (Bai et al., 2024; Gupta et al., 2024), the first step in cross-scale translation is
transcription, which refers to a process of determining the maximum level of aggregate
pressure that does not lead to transgressing safe and just boundaries, to define environmental
“budgets” using pressure variables that are relatable to and actionable by actors. The second
step involves determining how these budgets of environmental resources and the relevant
pressure reduction burdens (for transgressed boundaries) should be shared among actors. In
this second phase, the EC will focus on reviewing transcription methods from the peer-
reviewed literature for each boundary. This review will help clarify how different methods align
with the principles of Earth system justice, and which approaches risk reinforcing existing
injustices.

Another focal area in this round of assessment centres around actors' agency. Here, we
seek to identify key actors who have the potential to initiate and sustain rapid positive changes.
Key actors could be those with high environmental footprints and capacities to alter production
processes or consumption patterns towards low-impact alternatives. Opportunities for
collaborations between actors such as city-company and public-private partnerships (Kilkis et
al., 2025) will also be explored in this phase. Developments in corporate reporting and
disclosures, science-based target setting and other sustainability practices will further inform
our synthesis of translation methods, acknowledging the important link between translation
and city-level and business-level reporting, benchmarking, risk management and strategic
planning (Gupta et al 2024).

The outcomes of this work will contribute towards development of methods that can be
used to scale the safe and just boundaries from global and sub-global scales to actionable,
guantitative pressure or impact targets for different sectors (cities, companies, regions and
countries). As part of the Global Commons Alliance (https://globalcommonsalliance.org/), the
EC assessment informs the development of science-based targets for business and cities by the
Science-Based Targets Network (SBTN). As of May 2025, SBTN has, in addition to existing
methods for climate, released methods for target setting for water (including nitrogen and
phosphorus), land, and the ocean. Companies and cities can apply these methods to identify
their individual targets.
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442

443

444 6 Transformation pathways to a safe and just future

445

446 In its second phase, the EC will generate a set of qualitative and quantitative time-

447  bound transformation pathways toward a safe and just space. This is essential to increase the
448  policy relevance of the EC — by not only providing diagnostics on the current situation, but also
449  provide insights into the conditions needed for shifting societies toward the safe and just space.
450  These pathways aim to explore the feasibility and needed conditions for alternative strategies
451  to simultaneously reduce aggregate environmental pressures and ensure that everyone can
452  have access to resources for decent living. This work builds on a strong interdisciplinary

453  approach that combines integrated assessment modelling (IAM) expertise, social and natural
454  sciences knowledge, reflecting the work of the EC on PBs and justice. The work will be

455  structured around several interconnected activities that include developing alternative global
456  narratives that describe what a safe and just space could look like and what pathways could
457  take us to these futures, considering diverse governance, economics, justice, technology, and
458  societal changes. Subsequently, these pathways are formalized in IAMs, capturing the

459  interactions between the boundaries and the relevant human consumption and production
460  patterns and their distribution. This helps to make the pathways transparent in terms of

461  required changes, while also testing the feasibility.

462 While some scenarios have explored how to meet multiple SDGs (Soergel et al., 2024;
463  Vuuren et al., 2022), or the planetary boundaries (van Vuuren et al., 2025)(van Vuuren et al.,
464  2025), no scenarios have yet been developed that look into what is needed to meet the safe
465  and just space assessed and quantified by the EC. This means that the scenarios will have to
466  look into transformative outcomes of what ‘could be’. As well as creating a set of global

467  pathways that cut across multiple dimensions, there will also be parallel ‘bottom up’ research
468  at sub-global, local and social-ecological system scale on narratives to provide more nuanced,
469  contextually relevant inputs as expertise and funding becomes available. Addressing the

470  structural power imbalances that shape transformation pathways is central to this work.

471 An operational modeling protocol will be developed to formalize these storylines,

472  incorporating various transformation elements. Modeling will be conducted using integrated
473  assessment (IAMs), with a focus on intercomparison. Participatory processes, including

474  workshops, will ensure inclusivity and diverse perspectives. The pathways can also be used to
475  provide insights into short-term actions consistent with reaching long-term goals. The EC will
476  therefore place particular emphasis on how governance and political-economic systems

477  mediate the distribution of environmental burdens and benefits, and what this implies for
478  designing equitable and effective pathways to a safe and just future.

479

480

481 7 Conclusion

482

483 The planet is undergoing accelerating biophysical destabilization alongside deepening

484  social inequalities. Remaining on our current trajectory risks irreversible harm to Earth’s life-
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support systems and widespread human suffering. The scientific evidence is clear: the window
for meaningful action is rapidly closing, and urgent course correction is essential.

Incremental change is no longer sufficient. Addressing these intertwined crises demands
rapid and systemic transformation — of our energy and food systems, governance structures,
economic models, and underlying societal values. These transformations must not only be
technically feasible, but also socially just, ensuring that solutions do not reproduce or
exacerbate existing inequities.

The Earth Commission provides a science-based framework to guide such
transformation. By integrating cutting-edge interdisciplinary research, modeling, and expert
deliberation, the Commission identifies a safe and just space for humans. It will continue to
refine this framework, assess risks and interactions across Earth system processes, and offer
robust diagnostics to inform decision-making.

Achieving these goals requires coordinated and immediate action across all levels of
society. No single actor — whether government, business, or civil society — can meet this
challenge alone. The Commission’s work supports the translation of safe and just boundaries
into concrete targets for countries, cities, companies, and communities. By fostering
accountability, strengthening science-policy interfaces, and co-developing transformative
pathways, we aim to empower decision-makers to act in line with principles of Earth system
justice.

Ultimately, securing a safe and just future is not only a scientific and technical challenge
— it is a moral and political imperative. The Earth Commission’s second phase marks a critical
step toward building the tools, narratives, and coalitions needed to meet this challenge with
the urgency, clarity, and courage it demands.

Acknowledgments

This work is part of the Earth Commission, which is hosted by Future Earth and is the
science component of the Global Commons Alliance. The Global Commons Alliance is a
sponsored project of Rockefeller Philanthropy Advisors, with support from Oak Foundation and
several other donors. The Earth Commission is also supported by the Global Challenges
Foundation, Frontiers Research Foundation and Formas — a Swedish Research Council for
Sustainable Development (2022-02686).

Open research

Data were not used, nor created for this research.

References

Abrams, J.F., Huntingford, C., Williamson, M.S., Armstrong McKay, D.I., Boulton, C.A., Buxton,
J.E., Sakschewski, B., Loriani, S., Zimm, C., Winkelmann, R., Lenton, T.M., 2023. Committed



526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562

manuscript submitted to Earths Future

Global Warming Risks Triggering Multiple Climate Tipping Points. Earths Future 11, 1-11.
https://doi.org/10.1029/2022EF003250

Acemoglu, D., Johnson, S., Robinson, J.A., 2001. The Colonial Origins of Comparative
Development: An Empirical Investigation. Am. Econ. Rev. 91, 1369-1401.
https://doi.org/10.1257/aer.91.5.1369

Amon, D.J., Ziegler, A.F., Dahlgren, T.G., Glover, A.G., Goineau, A., Gooday, A.J., Wiklund, H.,
Smith, C.R., 2016. Insights into the abundance and diversity of abyssal megafauna in a
polymetallic-nodule region in the eastern Clarion-Clipperton Zone. Sci. Rep. 6, 30492.
https://doi.org/10.1038/srep30492

Armstrong McKay, D.l., Staal, A., Abrams, J.F., Winkelmann, R., Sakschewski, B., Loriani, S.,
Fetzer, I., Cornell, S.E., Rockstrém, J., Lenton, T.M., 2022. Exceeding 1.5°C global warming
could trigger multiple climate tipping points. Science 377.
https://doi.org/10.1126/science.abn7950

Bai, X., Hasan, S., Andersen, L.S., Bjgrn, A, Kilkis, S., Ospina, D., Liu, J., Cornell, S.E., Sabag
Mufiioz, O., de Bremond, A., Crona, B., DeClerck, F., Gupta, J., Hoff, H., Nakicenovic, N.,
Obura, D., Whiteman, G., Broadgate, W., Lade, S.J., Rocha, J., Rockstrom, J., Stewart-
Koster, B., van Vuuren, D., Zimm, C., 2024. Translating Earth system boundaries for cities
and businesses. Nat. Sustain. https://doi.org/10.1038/s41893-023-01255-w

Barone, G., Mocetti, S., 2016. Inequality and Trust: New Evidence from Panel Data. Econ. Ing.
54, 794-809. https://doi.org/10.1111/ecin.12309

Bennett, N.J., Blythe, J., White, C.S., Campero, C., 2021. Blue growth and blue justice: Ten risks
and solutions for the ocean economy. Mar. Policy 125, 104387.
https://doi.org/10.1016/j.marpol.2020.104387

Blythe, J.L., Gill, D.A,, Claudet, J., Bennett, N.J., Gurney, G.G., Baggio, J.A., Ban, N.C., Bernard,
M.L., Brun, V., Darling, E.S., Franco, A.D., Epstein, G., Franks, P., Horan, R., Jupiter, S.D.,
Lau, J., Lazzari, N., Mahajan, S.L., Mangubhai, S., Naggea, J., Turner, R.A., Zafra-Calvo, N.,
2023. Blue justice: A review of emerging scholarship and resistance movements. Camb.
Prisms Coast. Futur. 1, e15. https://doi.org/10.1017/cft.2023.4

Cardenas, J.-C., 2003. Real wealth and experimental cooperation: experiments in the field lab. J.
Dev. Econ. 70, 263-289. https://doi.org/10.1016/5S0304-3878(02)00098-6

Chancel, L., Piketty, T., 2021. Global Income Inequality, 1820-2020: the Persistence and
Mutation of Extreme Inequality. J. Eur. Econ. Assoc. 19, 3025-3062.
https://doi.org/10.1093/jeea/jvab047

Chancel, L., Piketty, T., Saez, E., Zucman, G., 2021. World Inequality Report 2022. World
Inequality Lab.

Cheng, L., von Schuckmann, K., Abraham, J.P., Trenberth, K.E., Mann, M.E., Zanna, L., England,
M.H., Zika, J.D., Fasullo, J.T., Yu, Y., Pan, Y., Zhu, J., Newsom, E.R., Bronselaer, B., Lin, X.,



563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600

manuscript submitted to Earths Future

2022. Past and future ocean warming. Nat. Rev. Earth Environ. 3, 776-794.
https://doi.org/10.1038/s43017-022-00345-1

Cisneros-Montemayor, A.M., Pauly, D., Weatherdon, L.V., Ota, Y., 2016. A Global Estimate of
Seafood Consumption by Coastal Indigenous Peoples. PLOS ONE 11, e0166681.
https://doi.org/10.1371/journal.pone.0166681

Crona, B., Folke, C., Galaz, V., 2021. The Anthropocene reality of financial risk. One Earth 4,
618—628. https://doi.org/10.1016/j.oneear.2021.04.016

Ellis, E.C., Gauthier, N., Goldewijk, K.K., Bird, R.B., Boivin, N., Diaz, S., Fuller, D.Q., Gill, J.L.,
Kaplan, J.0., Kingston, N., Locke, H., McMichael, C.N.H., Ranco, D., Rick, T.C., Shaw, M.R,,
Stephens, L., Svenning, J.-C., Watson, J.E.M., 2021. People have shaped most of terrestrial
nature for at least 12,000 years. Proc. Natl. Acad. Sci. 118, 1-8.
https://doi.org/10.1073/pnas.2023483118

Folke, C., Polasky, S., Rockstrém, J., Galaz, V., Westley, F., Lamont, M., Scheffer, M., Osterblom,
H., Carpenter, S.R., Chapin, F.S., Seto, K.C., Weber, E.U., Crona, B.l., Daily, G.C., Dasgupta,
P., Gaffney, O., Gordon, L.J., Hoff, H., Levin, S.A., Lubchenco, J., Steffen, W., Walker, B.H.,
2021. Our future in the Anthropocene biosphere. Ambio 50, 834—-869.
https://doi.org/10.1007/s13280-021-01544-8

Frank, A.B., Collins, M.G., Levin, S.A., Lo, A.W., Ramo, J., Dieckmann, U., Kremenyuk, V.,
Kryazhimskiy, A., Linnerooth-Bayer, J., Ramalingam, B., Roy, J.S., Saari, D.G., Thurner, S.,
von Winterfeldt, D., 2014. Dealing with femtorisks in international relations. Proc. Natl.
Acad. Sci. 111, 17356-17362. https://doi.org/10.1073/pnas.1400229111

Gupta, J., Bai, X., Liverman, D.M., Rockstrém, J., Qin, D., Stewart-Koster, B., Rocha, J.C.,
Jacobson, L., Abrams, J.F., Andersen, L.S., Armstrong McKay, D.l., Bala, G., Bunn, S.E,,
Ciobanu, D., DeClerck, F., Ebi, K.L., Gifford, L., Gordon, C., Hasan, S., Kanie, N., Lenton,
T.M., Loriani, S., Mohamed, A., Nakicenovic, N., Obura, D., Ospina, D., Prodani, K.,
Rammelt, C., Sakschewski, B., Scholtens, J., Tharammal, T., Van Vuuren, D., Verburg, P.H.,
Winkelmann, R., Zimm, C., Bennett, E., Bjgrn, A., Bringezu, S., Broadgate, W.J., Bulkeley,
H., Crona, B., Green, P.A., Hoff, H., Huang, L., Hurlbert, M., Inoue, C.Y.A,, Kilkis, S., Lade,
S.J., Liy, J., Nadeem, |., Ndehedehe, C., Okereke, C., Otto, I.M., Pedde, S., Pereira, L.,
Schulte-Uebbing, L., Tabara, J.D., De Vries, W., Whiteman, G., Xiao, C., Xu, X., Zafra-Calvo,
N., Zhang, X., Fezzigna, P., Gentile, G., 2024. A just world on a safe planet: a Lancet
Planetary Health—Earth Commission report on Earth-system boundaries, translations, and
transformations. Lancet Planet. Health 8, e813—e873. https://doi.org/10.1016/52542-
5196(24)00042-1

Gupta, J., Liverman, D., Prodani, K., Aldunce, P., Bai, X., Broadgate, W., Ciobanu, D., Gifford, L.,
Gordon, C., Hurlbert, M., Inoue, C.Y.A., Jacobson, L., Kanie, N., Lade, S.J., Lenton, T.M,,
Obura, D., Okereke, C., Otto, .M., Pereira, L., Rockstrom, J., Scholtens, J., Rocha, J.,
Stewart-Koster, B., David Tabara, J., Rammelt, C., Verburg, P.H., 2023. Earth system justice



601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636

manuscript submitted to Earths Future

needed to identify and live within Earth system boundaries. Nat. Sustain.
https://doi.org/10.1038/s41893-023-01064-1

Gupta, J., Abrams, J.F., McKay, D.A,, Bai, X, Ebi, K.L., Fezzigna, P., Gentile, G., Gifford, L., Hasan,
S., Jacobson, L., Karg, A., Lade, S., Lenton, T., Liverman, D., Mohamed, A., Nakicenovic, N.,

Obura, D., Rockstrom, J., Stewart-Koster, B., van Vuuren, D., Verburg, P., Ylla-Catala, R.C,,
Zimm, C., 2025. Thresholds of significant harm at global level: The journey of the Earth
Commission. Earth System Governance 25, 100263.
https://doi.org/10.1016/j.esg.2025.100263

Guroglu, B., Van Den Bos, W., Rombouts, S.A.R.B., Crone, E.A., 2010. Unfair? It depends: Neural
correlates of fairness in social context. Soc. Cogn. Affect. Neurosci. 5, 414-423.
https://doi.org/10.1093/scan/nsq013

Guroglu, B., Will, G.-J., Crone, E.A., 2014. Neural Correlates of Advantageous and
Disadvantageous Inequity in Sharing Decisions. PLOS ONE 9, e107996.
https://doi.org/10.1371/journal.pone.0107996

Heede, R., 2014. Tracing anthropogenic carbon dioxide and methane emissions to fossil fuel
and cement producers, 1854-2010. Clim. Change 122, 229-241.
https://doi.org/10.1007/s10584-013-0986-y

Hickel, J., O’Neill, D.W., Fanning, A.L., Zoomkawala, H., 2022. National responsibility for
ecological breakdown: a fair-shares assessment of resource use, 1970-2017. Lancet
Planet. Health 6, e342—e349. https://doi.org/10.1016/52542-5196(22)00044-4

Homer-Dixon, T., Walker, B., Biggs, R., Crépin, A.S., Folke, C., Lambin, E.F., Peterson, G.D.,
Rockstrom, J., Scheffer, M., Steffen, W., Troell, M., 2015. Synchronous failure: The
emerging causal architecture of global crisis. Ecol. Soc. 20. https://doi.org/10.5751/ES-
07681-200306

Jones, C.G., Adloff, F., Booth, B.B.B., Cox, P.M., Eyring, V., Friedlingstein, P., Frieler, K., Hewitt,
H.T., Jeffery, H.A., Joussaume, S., Koenigk, T., Lawrence, B.N., O’Rourke, E., Roberts, M.J.,
Sanderson, B.M., Séférian, R., Somot, S., Vidale, P.L., van Vuuren, D., Acosta, M., Bentsen,
M., Bernardello, R., Betts, R., Blockley, E., Boé, J., Bracegirdle, T., Braconnot, P., Brovkin,
V., Buontempo, C., Doblas-Reyes, F., Donat, M., Epicoco, |., Falloon, P., Fiore, S., Frélicher,
T., Fuckar, N.S., Gidden, M.J., Goessling, H.F., Graversen, R.G., Gualdi, S., Gutiérrez, ].M.,
Ilyina, T., Jacob, D., Jones, C.D., Juckes, M., Kendon, E., Kjellstrom, E., Knutti, R., Lowe, J.,
Mizielinski, M., Nassisi, P., Obersteiner, M., Regnier, P., Roehrig, R., Salas y Mélia, D.,
Schleussner, C.-F., Schulz, M., Scoccimarro, E., Terray, L., Thiemann, H., Wood, R.A., Yang,
S., Zaehle, S., 2024. Bringing it all together: science priorities for improved understanding
of Earth system change and to support international climate policy. Earth Syst. Dyn. 15,
1319-1351. https://doi.org/10.5194/esd-15-1319-2024


https://doi.org/10.1038/s41893-023-01064-1

637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674

manuscript submitted to Earths Future

Jouffray, J., Blasiak, R., Norstrém, A.V., Osterblom, H., Nystrém, M., 2020. The Blue
Acceleration: The Trajectory of Human Expansion into the Ocean. One Earth 2, 43-54.
https://doi.org/10.1016/j.oneear.2019.12.016

Ke, P., Ciais, P., Sitch, S., Li, Wei, Bastos, A., Liu, Z., Xu, Y., Gui, X., Bian, J., Goll, D.S., Xi, Y., Li,
Wanjing, O’Sullivan, M., Goncalves De Souza, J., Friedlingstein, P., Chevallier, F., 2024. Low
latency carbon budget analysis reveals a large decline of the land carbon sink in 2023.
Natl. Sci. Rev. 11, nwae367. https://doi.org/10.1093/nsr/nwae367

Keys, P.W., Galaz, V., Dyer, M., Matthews, N., Folke, C., Nystrom, M., Cornell, S.E., 2019.
Anthropocene risk. Nat. Sustain. 2, 667—673. https://doi.org/10.1038/s41893-019-0327-x

Kilkis, S., Bjgrn, A., Bai, X., Liu, J., Whiteman, G., Crona, B., Andersen, L.S., Hasan, S., Vijay, V.,
Sabag, 0., 2025. City—company collaboration towards aligned science-based target
setting. Nat. Sustain. 8, 54—65. https://doi.org/10.1038/s41893-024-01473-w

Kopp, R., Gilmore ,Elisabeth, and Shwom, R., 2025. Climate change will surprise us, but so-called
‘tipping points’ may lead us astray. Bull. At. Sci. 81, 121-125.
https://doi.org/10.1080/00963402.2025.2464445

Lade, S.J., Steffen, W., de Vries, W., Carpenter, S.R., Donges, J.F., Gerten, D., Hoff, H., Newbold,
T., Richardson, K., Rockstrém, J., 2020. Human impacts on planetary boundaries amplified
by Earth system interactions. Nat. Sustain. 3, 119-128. https://doi.org/10.1038/s41893-
019-0454-4

Lam, V.W.Y,, Allison, E.H., Bell, J.D., Blythe, J., Cheung, W.W.L., Frélicher, T.L., Gasalla, M.A.,
Sumaila, U.R., 2020. Climate change, tropical fisheries and prospects for sustainable
development. Nat. Rev. Earth Environ. 1, 440-454. https://doi.org/10.1038/s43017-020-
0071-9

Lee, C., Song, H., Choi, Y., Cho, A., Marshall, J., 2025. Observed multi-decadal increase in the
surface ocean’s thermal inertia. Nat. Clim. Change 1-7. https://doi.org/10.1038/s41558-
025-02245-w

Loriani, S., Bartsch, A., Calamita, E., Donges, J.F., Hebden, S., Hirota, M., Landolfi, A., Nagler, T.,
Sakschewski, B., Staal, A., Verbesselt, J., Winkelmann, R., Wood, R., Wunderling, N., 2025.
Monitoring the Multiple Stages of Climate Tipping Systems from Space: Do the GCOS
Essential Climate Variables Meet the Needs? Surv. Geophys. 46, 327-374.
https://doi.org/10.1007/s10712-024-09866-4

Persson, L., Carney Almroth, B.M., Collins, C.D., Cornell, S., de Wit, C.A., Diamond, M.L., Fantke,
P., Hassellov, M., MacLeod, M., Ryberg, M.W., Sggaard Jgrgensen, P., Villarrubia-Gémez,
P., Wang, Z., Hauschild, M.Z., 2022. Outside the Safe Operating Space of the Planetary
Boundary for Novel Entities. Environ. Sci. Technol.
https://doi.org/10.1021/acs.est.1c04158

Piketty, T., Saez, E., 2014. Inequality in the long run. Science 344, 838—-843.
https://doi.org/10.1126/science.1251936



675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712

manuscript submitted to Earths Future

Portner, H.-0., Scholes, R.J., Agard, J., Archer, E., Bai, X., Barnes, D., Burrows, M., Chan, L.,
Cheung, W.L. (William), Diamond, S., Donatti, C., Duarte, C., Eisenhauer, N., Foden, W.,
Gasalla, M.A,, Handa, C., Hickler, T., Hoegh-Guldberg, O., Ichii, K., Jacob, U., Insarov, G.,
Kiessling, W., Leadley, P., Leemans, R., Levin, L., Lim, M., Maharaj, S., Managi, S., Marquet,
P.A., McElwee, P., Midgley, G., Oberdorff, T., Obura, D., Osman Elasha, B., Pandit, R.,
Pascual, U., Pires, A.P.F., Popp, A., Reyes-Garcia, V., Sankaran, M., Settele, J., Shin, Y.-J.,
Sintayehu, D.W., Smith, P., Steiner, N., Strassburg, B., Sukumar, R., Trisos, C., Val, A.L,,
Wu, J., Aldrian, E., Parmesan, C., Pichs-Madruga, R., Roberts, Debra C., Rogers, A.D., Diaz,
S., Fischer, M., Hashimoto, S., Lavorel, S., Wu, N., Ngo, H., 2021. IPBES-IPCC co-sponsored
workshop report on biodiversity and climate change. Zenodo.
https://doi.org/10.5281/zenodo.5101133

Rammelt, C.F., Gupta, J., Liverman, D., Scholtens, J., Ciobanu, D., Abrams, J.F., Bai, X., Gifford, L.,
Gordon, C., Hurlbert, M., Inoue, C.Y.A,, Jacobson, L., Lade, S.J., Lenton, T.M., McKay,
D.I.A., Nakicenovic, N., Okereke, C., Otto, I.M., Pereira, L.M., Prodani, K., Rockstrom, J.,
Stewart-Koster, B., Verburg, P.H., Zimm, C., 2023. Impacts of meeting minimum access on
critical earth systems amidst the Great Inequality. Nat. Sustain. 6, 212—-221.
https://doi.org/10.1038/s41893-022-00995-5

Rao, N.D., Min, J., 2018. Decent Living Standards: Material Prerequisites for Human Wellbeing.
Soc. Indic. Res. 138, 225-244. https://doi.org/10.1007/s11205-017-1650-0

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S.E., Donges, J.F., Driike, M., Fetzer,
l., Bala, G., von Bloh, W., Feulner, G., Fiedler, S., Gerten, D., Gleeson, T., Hofmann, M.,
Huiskamp, W., Kummu, M., Mohan, C., Nogués-Bravo, D., Petri, S., Porkka, M., Rahmstorf,
S., Schaphoff, S., Thonicke, K., Tobian, A., Virkki, V., Wang-Erlandsson, L., Weber, L.,
Rockstrom, J., 2023. Earth beyond six of nine planetary boundaries. Sci. Adv. 9, eadh2458.
https://doi.org/10.1126/sciadv.adh2458

Rocha, J., Yletyinen, J., Biggs, R., Blenckner, T., Peterson, G., 2014. Marine regime shifts: drivers
and impacts on ecosystems services. Philos. Trans. R. Soc. B Biol. Sci. 370, 20130273—-
20130273. https://doi.org/10.1098/rstb.2013.0273

Rockstrom, J., Beringer, T., Hole, D., Griscom, B., Mascia, M.B., Folke, C., Creutzig, F., 2021. We
need biosphere stewardship that protects carbon sinks and builds resilience. Proc. Natl.
Acad. Sci. U. S. A. 118, 1-5. https://doi.org/10.1073/pnas.2115218118

Rockstréom, J., Gupta, J., Qin, D., Lade, S.J., Abrams, J.F., Andersen, L.S., Armstrong McKay, D.I.,
Bai, X., Bala, G., Bunn, S.E., Ciobanu, D., DeClerck, F., Ebi, K., Gifford, L., Gordon, C., Hasan,
S., Kanie, N., Lenton, T.M., Loriani, S., Liverman, D.M., Mohamed, A., Nakicenovic, N.,
Obura, D., Ospina, D., Prodani, K., Rammelt, C., Sakschewski, B., Scholtens, J., Stewart-
Koster, B., Tharammal, T., van Vuuren, D., Verburg, P.H., Winkelmann, R., Zimm, C.,
Bennett, E.M., Bringezu, S., Broadgate, W., Green, P.A., Huang, L., Jacobson, L.,
Ndehedehe, C., Pedde, S., Rocha, J., Scheffer, M., Schulte-Uebbing, L., de Vries, W., Xiao,



713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750

manuscript submitted to Earths Future

C., Xu, C,, Xu, X., Zafra-Calvo, N., Zhang, X., 2023a. Safe and just Earth system boundaries.
Nature. https://doi.org/10.1038/s41586-023-06083-8

Rockstrom, J., Norstrom, A.V., Matthews, N., Biggs, R., Folke, C., Harikishun, A., Huq, S.,
Krishnan, N., Warszawski, L., Nel, D., 2023b. Shaping a resilient future in response to
COVID-19. Nat. Sustain. 6, 897—907. https://doi.org/10.1038/s41893-023-01105-9

Siegel, D.A., DeVries, T., Cetini¢, I., Bisson, K.M., 2023. Quantifying the Ocean’s Biological Pump
and Its Carbon Cycle Impacts on Global Scales. Annu. Rev. Mar. Sci. 15, 329-356.
https://doi.org/10.1146/annurev-marine-040722-115226

Soergel, B., Rauner, S., Daioglou, V., Weindl, |., Mastrucci, A., Carrer, F., Kikstra, J., Ambrésio, G.,
Aguiar, A.P.D., Baumstark, L., Bodirsky, B.L., Bos, A., Dietrich, J.P., Dirnaichner, A,
Doelman, J.C., Hasse, R., Hernandez, A., Hoppe, J., Humpendéder, F., lacobuta, G.1.,
Keppler, D., Koch, J., Luderer, G., Lotze-Campen, H., Pehl, M., Poblete-Cazenave, M.,
Popp, A., Remy, M., van Zeist, W.-J., Cornell, S., Dombrowsky, I., Hertwich, E.G., Schmidt,
F., van Ruijven, B., van Vuuren, D., Kriegler, E., 2024. Multiple pathways towards
sustainable development goals and climate targets. Environ. Res. Lett. 19, 124009.
https://doi.org/10.1088/1748-9326/ad80af

Srinivasan, U.T., Cheung, W.W.L., Watson, R., Sumaila, U.R., 2010. Food security implications of
global marine catch losses due to overfishing. J. Bioeconomics 12, 183—-200.
https://doi.org/10.1007/s10818-010-9090-9

Steffen, W., Broadgate, W., Deutsch, L., Gaffney, O., Ludwig, C., 2015. The trajectory of the
Anthropocene: The Great Acceleration. Anthr. Rev. 2, 81-98.
https://doi.org/10.1177/2053019614564785

Steffen, W., Rockstrom, J., Richardson, K., Lenton, T.M., Folke, C., Liverman, D., Summerhayes,
C.P., Barnosky, A.D., Cornell, S.E., Crucifix, M., Donges, J.F., Fetzer, |., Lade, S.J., Scheffer,
M., Winkelmann, R., Schellnhuber, H.J., 2018. Trajectories of the Earth system in the
anthropocene. Proc. Natl. Acad. Sci. 115, 8252—-8259.
https://doi.org/10.1073/pnas.1810141115

Stocker, T.F., Jones, R.G., Hegglin, M.I., Lenton, T.M., Hegerl, G.C., Seneviratne, S.1., van der
Wel, N., Wood, R.A., 2025. Reflecting on the Science of Climate Tipping Points to Inform
and Assist Policy Making and Address the Risks they Pose to Society. Surv. Geophys. 46,
421-442. https://doi.org/10.1007/s10712-024-09844-w

Sumaila, U.R,, Tai, T.C., Lam, V.W.Y., Cheung, W.W.L., Bailey, M., Cisneros-Montemayor, A.M.,
Chen, O.L,, Gulati, S.S., 2019. Benefits of the Paris Agreement to ocean life, economies,
and people. Sci. Adv. 5, eaau3855. https://doi.org/10.1126/sciadv.aau3855

Sumaila, U.R., Villasante, S., 2025. Surging blue economy, increasing conflict risks and mitigation
strategies. Front. Mar. Sci. 12. https://doi.org/10.3389/fmars.2025.1499386

Sumaila, U.R., Wabnitz, C.C.C., Teh, L.S.L., Teh, L.C.L.,, Lam, V.W.Y., Sumaila, H., Cheung, W.W.L,,
Issifu, 1., Hopewell, K., Cinner, J.E., Bennett, N.J., Folke, C., Gulati, S., Polasky, S., 2024.



751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786

787

manuscript submitted to Earths Future

Utilizing basic income to create a sustainable, poverty-free tomorrow. Cell Rep. Sustain. 0.
https://doi.org/10.1016/j.crsus.2024.100104

Ten Thousand Years of Inequality: The Archaeology of Wealth Differences, 2018. . University of
Arizona Press. https://doi.org/10.2307/j.ctt20d8801

Tigchelaar, M., Leape, J., Micheli, F., Allison, E.H., Basurto, X., Bennett, A., Bush, S.R., Cao, L.,
Cheung, W.W.L., Crona, B., DeClerck, F., Fanzo, J., Gelcich, S., Gephart, J.A., Golden, C.D.,
Halpern, B.S., Hicks, C.C., Jonell, M., Kishore, A., Koehn, J.Z., Little, D.C., Naylor, R.L.,
Phillips, M.J., Selig, E.R., Short, R.E., Sumaila, U.R., Thilsted, S.H., Troell, M., Wabnitz,
C.C.C., 2022. The vital roles of blue foods in the global food system. Glob. Food Secur. 33,
100637. https://doi.org/10.1016/]j.gfs.2022.100637

Tudge, S.J., Purvis, A., De Palma, A., 2021. The impacts of biofuel crops on local biodiversity: a
global synthesis. Biodivers. Conserv. 30, 2863—-2883. https://doi.org/10.1007/s10531-021-
02232-5

van Vuuren, D.P., Doelman, J.C., Schmidt Tagomori, I., Beusen, A.H.W., Cornell, S.E., Rockstrom,
J., Schipper, A.M,, Stehfest, E., Ambrosio, G., van den Berg, M., Bouwman, L., Daioglou, V.,
Harmsen, M., Lucas, P., van der Wijst, K.-1., van Zeist, W.-J., 2025. Exploring pathways for
world development within planetary boundaries. Nature 641, 910-916.
https://doi.org/10.1038/s41586-025-08928-w

Vuuren, D.P. van, Zimm, C., Busch, S., Kriegler, E., Leininger, J., Messner, D., Nakicenovic, N.,
Rockstrom, J., Riahi, K., Sperling, F., Bosetti, V., Cornell, S., Gaffney, O., Lucas, P.L., Popp,
A., Ruhe, C,, Schiller, A. von, Schmidt, J.O., Soergel, B., 2022. Defining a sustainable
development target space for 2030 and 2050. One Earth 5, 142-156.
https://doi.org/10.1016/j.0neear.2022.01.003

Wiedmann, T., Lenzen, M., KeyRer, L.T., Steinberger, J.K., 2020. Scientists’ warning on affluence.
Nat. Commun. 11, 3107. https://doi.org/10.1038/s41467-020-16941-y

Wunderling, N., von der Heydt, A.S., Aksenov, Y., Barker, S., Bastiaansen, R., Brovkin, V.,
Brunetti, M., Couplet, V., Kleinen, T., Lear, C.H., Lohmann, J., Roman-Cuesta, R.M.,, Sinet,
S., Swingedouw, D., Winkelmann, R., Anand, P., Barichivich, J., Bathiany, S., Baudena, M.,
Bruun, J.T., Chiessi, C.M., Coxall, H.K., Docquier, D., Donges, J.F., Falkena, S.K.J., Klose,
AK., Obura, D., Rocha, J., Rynders, S., Steinert, N.J., Willeit, M., 2024. Climate tipping
point interactions and cascades: a review. Earth Syst. Dyn. 15, 41-74.
https://doi.org/10.5194/esd-15-41-2024

Zimm, C., Schinko, T., Pachauri, S., 2022. Putting multidimensional inequalities in human
wellbeing at the centre of transitions. Lancet Planet. Health 6, e641-e642.
https://doi.org/10.1016/52542-5196(22)00124-3

Box 1 - The Earth Commission 2019-2023: A first global assessment of the Safe and Just space
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In 2019, Future Earth brought together a group of leading global scientists from the
social and natural sciences and from across the globe to form the Earth Commission (EC), the
scientific cornerstone of the Global Commons Alliance (GCA). This work focused on identifying a
safe and just space for humans, assessing the resource implications of meeting basic needs,
developing frameworks for translating the safe and just boundaries into local action, and
proposing an Earth system justice framework to guide equitable transformations (Bai et al.,
2024; Gupta et al., 2024, 2023; Rammelt et al., 2023; Rockstrom et al., 2023a; Stewart-Koster et
al., 2023).

This work is now beginning to inform the next generation of science-based targets and
practices to help business leaders and policy-makers, access the opportunities offered by the
safe and just space by better managing the planet’s finite resources. It has led to an improved
understanding of global systemic risks, what it takes to meet the minimum rights for all, and
pathways to a safe and just future.

The concept of a safe and just space was originally introduced by Kate Raworth
(Raworth, 2017) in a conceptual framework that has become known as Doughnut or well-being
economics. Doughnut economics argues that human development in the Anthropocene should
occur within a doughnut-shaped space where resource use is below the level that carries a
substantial risk of crossing planetary boundaries (i.e. a “safe” environmental ceiling), but above
the level required to meet people’s basic needs (i.e. a “just” social foundation). In short, if there
is a biophysical ceiling on Earth (the safe operating space defined by boundaries), then there
must be a social floor, defined by human needs and rights. The EC advanced this concept by
incorporating justice into a quantified assessment of the ceiling and by using comparable units
to assess biophysical and social indicators. The EC’s approach thus also enabled a more
integrated analysis of sustainability challenges (Rockstrom et al., 2021b).

The EC quantified the ceiling of the safe and just space by assessing safe and just Earth
system boundaries (Rockstréom et al., 2023a). These safe and just boundaries were the first to
guantify just boundaries to avoid unacceptable levels of significant deprivation and harm to
humans and other living beings which, together with the safe boundaries, were integrated into
a scientific assessment of the state of the planet. In short, staying within the safe and just
boundaries ensures both stable and resilient conditions on Earth (that we know can support
human development, and helps us avoid crossing dangerous tipping points in the Earth system),
and minimizes human and nature’s exposure to widespread significant harm from Earth system
change. In other words, the EC assessment allows for a combined 'safe’, (i.e. aimed at
protecting Earth’s resilience), and 'just’, (i.e. aimed at minimizing harm and deprivation to
people and ecosystems) quantification. Through a rigorous modeling and literature assessment,
safe and just boundaries were quantified at both global and sub-global scales for: biosphere
(functional integrity and ecosystem area), climate change, nutrient cycles (phosphorus and
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826  nitrogen), freshwater (surface and groundwater), and aerosols. Globally, safe and just

827  boundaries for the biosphere, climate, nutrient cycles, and freshwater were found to be

828  breached, while the boundaries for aerosol loading were found to be violated at local levels in
829  many parts of the world. Two or more safe and just sub-global ESBs were found to be

830 transgressed in over 52% of the world’s land area, affecting 86% of the global population

831  (Rockstrom et al., 2023a). Through the use of consistent units across safe boundaries and just
832  boundaries, the Commission found that three just boundaries (climate, nitrogen and aerosols)
833  were found to be stricter than their corresponding safe boundaries.

834 In addition to defining the ceiling, the EC introduced the concept of “just access” to

835  establish minimum resource thresholds (the “foundation”) needed for a dignified life, and

836  quantify the foundation of a safe and just space. Ensuring minimum access to resources

837  necessary for a dignified life is central to Earth system justice. Aligning with the Sustainable
838 Development Goals (SDGs) and human rights frameworks, this approach prioritizes access to
839  critical resources such as water, food, energy, and infrastructure for all, including the most

840  marginalized populations. The Commission established two tiers of minimum access: one

841  ensuring basic dignity and another enabling poverty alleviation. These thresholds were then
842  translated into biophysical pressures on the Earth system to evaluate the environmental impact
843  of providing universal minimum access. Under existing inequalities and technologies (ceteris
844  paribus), it was shown that ensuring minimum access for the poorest would cause further

845  transgressions of the safe and just (harm) boundaries (Rammelt et al., 2023). Additional

846  projections for 2050 provided further evidence that, without systemic and just transformation,
847  achieving universal minimum access (i.e everybody in the world living with minimum access to
848  resources) will result in unacceptable breachings of the safe and just ceiling (Bodirsky et al.,
849  2022; Gupta et al., 2024).

850 The EC introduced Earth system justice as a systemic approach to addressing the

851 intertwined environmental and social injustices of the Anthropocene. Rather than reinforcing
852  existing power imbalances, this framework seeks to bridge local and global justice concerns by
853 integrating multiple dimensions of fairness: recognition and epistemic justice (valuing diverse
854  knowledge systems), procedural and substantive justice (ensuring fair decision-making and

855  equitable outcomes), and addressing the structural drivers of inequality (Gupta et al., 2023). A
856  justice approach aims to address systemic power issues and the way it exacerbates inequality.
857  Earth system justice is operationalized through both ends and means. The ends include

858  establishing local to global safe and just boundaries while ensuring basic human needs are met.
859  The means involve tackling the root causes of environmental crises, such as over consumption,
860 skewed power relations, GDP-driven economic models, and environmental harm without

861  accountability (Gupta et al., 2024). This approach also emphasizes equitable distribution of

862  planetary resources and shared responsibilities in mitigating environmental risks as well as

863 liability for causing harm.
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As part of its mission to address critical knowledge gaps, the EC also incubated and
helped develop the Tipping Points Modelling Intercomparison Project (TIPMIP). TIPMIP is an
international collaboration that systematically advances our understanding of tipping dynamics
in key Earth system components, while assessing the associated uncertainties. By connecting
and evaluating multiple models, TIPMIP fills crucial gaps in Earth system and climate
modelling—particularly in relation to long-term commitments and irreversibilities—by
improving the representation of anthropogenic forcing. It also facilitates interdisciplinary
knowledge exchange and enhances understanding of critical feedback processes that are
currently underrepresented in Earth system models and assessments.

A specific feature of the safe and just boundaries is that the selected control variables
are, in principle, translatable across scales in order to make them actionable. Operationalization
requires the boundaries to be translated into context-specific targets for cities, businesses, and
policymakers. The EC has identified knowledge gaps (Bai et al., 2022), and developed guiding
principles to support this process, ensuring that these translations are scientifically robust, fair,
and transparent (Bai et al., 2024). A structured protocol provides decision-makers with tools to
navigate key questions, such as the appropriate spatial scale for implementation, the current
state of boundary transgressions, the regenerative capacity of ecosystems, and fair resource-
sharing frameworks.

Currently, we are far outside the safe and just space, and incremental solutions will not
suffice. The time left to act is extremely limited, and the challenge now lies in the speed and
scale of implementing systemic transformations. The EC highlighted the need for deep
structural transformations in governance, economics, and society (Gupta et al., 2024). This
requires embedding planetary safety and justice into all decision-making, improving real-time
monitoring of Earth system risks and social justice metrics, and fostering stronger
collaborations among policymakers, nation states, businesses, scientists, and civil society.

Box 2 - Towards a Global Framework for Safe and Just Boundaries

The Planetary Boundary framework has identified the nine critical biophysical processes
and systems that regulate the stability and resilience of the Earth system, defining a "Safe
Operating Space" for humanity. The nine planetary boundary processes are Climate Change;
Introduction of Novel Entities; Stratospheric Ozone Depletion; Atmospheric Aerosol Loading;
Ocean Acidification; Modification of Biogeochemical Flows; Freshwater Change; Land System
Change; Change in Biosphere Integrity. For each of the planetary boundary processes, one or
more control variables are identified. A quantitative assessment is made for each of these
control variables, quantifying the boundary level within which there is a high chance of
maintaining Earth system functions and the state of the planet within Holocene-like inter-glacial
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conditions. Together, these quantifications provide a safe operating space for human
development on Earth.

The Earth Commission takes these nine Earth system processes and systems as the entry
point for its assessment of a safe and just space. It extends the PB framework by also
integrating justice considerations, aiming to minimize harm to people and ecosystems while
safeguarding Earth's resilience. In its first assessment cycle, the Earth Commission quantified
safe and just boundaries for five planetary boundary processes — climate change, aerosol
loading, biosphere integrity, freshwater use, and biogeochemical flows — and plans to expand
this work to all nine processes in its future assessments. The control variables chosen by the
Earth Commission assessment allow for a combined 'safe’, (i.e. aimed at protecting Earth’s
resilience), and 'just’, (i.e. aimed at minimizing significant harm to people and ecosystems using
the 3 | approach - interspecies justice and Earth system stability, intergenerational justice and
intragenerational justice) assessment. The control variables are further chosen to enable actors
across sectors and scales to set targets, generating and implementing transformative pathways
that are consistent with a safe and just Earth system. Where possible, the control variables are
spatially explicit; many of the first assessment’s boundaries were already expressed at the
scales of operations of the Earth system processes, as small as one square kilometer in the case
of the functional integrity as this is the scale at which relevant local ecosystem services are
produced. Spatially explicit control variables allow justice dimensions to be included as they
provide insight in the spatial distribution and (in)equality in access of different actors. In the
second assessment we will extend this approach across other boundaries.



