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Abstract

The core insight of Planetary Health is that the Earth crisis is fueling a
global health crisis. Planetary Health examines the links between human
health and Earth’s natural systems. This review outlines key drivers of envi-
ronmental degradation and how they lead to global environmental change,
which is marked by the transgression of six Planetary Boundaries and causes
severe health impacts such as malnutrition and the spread of diseases, with
increased risks for vulnerable populations. The concept of Earth system jus-
tice highlights the need for just solutions to address inequities within and
between generations. The review discusses actions like sustainable food and
energy systems, circular economies, governance changes, and collaboration
across sectors. It also emphasizes the importance of Indigenous knowledges
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and building resilience for vulnerable populations. Aligning human well-being with the health of
natural systems is necessary to address current challenges and ensure a livable future for all.
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1. INTRODUCTION

Over the past 7 decades, we have witnessed unparalleled advances in human health and well-being
(1). Driven primarily by poverty reduction, breakthroughs in public health initiatives, medical
advances, and improvement in food systems, global average life expectancy has risen from 46 years
in 1950 to 71 years in 2021 (2). Simultaneously, social innovations, such as expansion of human
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rights frameworks and social safety nets, have lifted more than one billion people out of extreme
poverty in the last 3 decades and have improved access to basic human needs such as health services
and food security (3).

Despite global progress, disparities remain stark. For example, life expectancy ranges from
54 years in Nigeria to 86 years in Monaco, a gap exceeding the overall global improvement since
1950 (2). Significant hurdles also persist into the future: According to a recent United Nations
report, only 17% of the Sustainable Development Goals (SDGs) targets are on track to be achieved
by 2030 (4). The COVID-19 pandemic also highlighted and worsened these existing challenges
by shedding light on the vulnerabilities in both global health systems and economies. For instance,
it pushed 23 million additional individuals into extreme poverty and exacerbated food insecurity
for more than 100 million people (4, 5).

Alongside the mixed advances and setbacks observed today, much of the progress to date has
relied on the extensive exploitation of natural resources, resulting in widespread environmental
degradation (1). The recent acceleration of human resource use has had profound and compound-
ing consequences for Earth’s natural systems, including the global climate system, the biosphere,
and nutrient and water cycles (1). Six of the nine Planetary Boundaries (PBs) have been trans-
gressed, pushing us beyond the safe operating space for humanity on Earth and leading to a
high risk of large-scale disruptions to our climate and biosphere and of crossing irreversible tip-
ping points with potentially devastating consequences (6) (see the sidebar titled The Planetary
Boundaries Framework: Defining the Safe Operating Space for Humanity). Global environmen-
tal changes are placing past and future advances in human health and development at substantial
risk, which will disproportionately affect vulnerable communities worldwide and worsen global
health disparities (7).

In order to safeguard and improve human health and well-being, a threefold challenge needs
to be addressed: first, adhering to safe environmental boundaries to ensure Earth’s stability and
resilience in order to maintain its capacity to buffer change; second, avoiding any harm from
Earth system change to current and future generations; and third, allowing everyone minimum
access to essential resources necessary to live healthy lives in dignity (7). These interconnected

THE PLANETARY BOUNDARIES FRAMEWORK: DEFINING THE SAFE OPERATING
SPACE FOR HUMANITY

The Planetary Boundaries (PBs) framework was used as a starting point for defining the field of Planetary Health in
the first Lancet Commission report in 2015 (1). Widely recognized in Earth system science, this framework defines
a so-called safe operating space for humanity on Earth by defining safe thresholds for nine critical processes that
regulate the state and functioning of the Earth system: climate change, change in biosphere integrity, stratospheric
ozone depletion, ocean acidification, alterations to biogeochemical flows (of phosphorus and nitrogen), land sys-
tem change, freshwater change, atmospheric aerosol loading, and novel entities. These processes are measured by
13 indicators, including climate forcing (measured in watts per square meter) or extinction rate (species lost per
million species years). Transgression of safe thresholds is associated with an increased risk of crossing irreversible
tipping points and losing Earth system resilience, namely the capacity of our planet’s natural systems to buffer (an-
thropogenic) change, which can result in permanent large-scale shifts in the Earth’s biosphere, climate, and other
subsystems (12). By contrast, transforming back into the safe operating space is associated with a high likelihood of
keeping the Earth system in the same stable state that contemporary human societies have evolved in for the past
10,000 years. The PBs framework has evolved since 2009, and it was comprehensively assessed, with quantification
of all nine PBs, for the first time in 2023. Annual assessments—the Planetary Health Checks—began in 2024 (6, 13).
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challenges underscore the urgency of addressing environmental degradation in the context of
global development. Over the last decade, these pillars have become central to Planetary Health,
the focus of this review, which is a growing field that acknowledges the intertwined nature of the
environmental, health, and equity crises of the Anthropocene (1) (Figure 1).

The remainder of this review is organized as follows. Section 2 identifies the underlying
drivers of global environmental change, such as demographic shifts, governance failures, and
resource extraction, that accelerate the degradation of the Earth systems and the transgression
of PBs. Section 3 explores large-scale disruptions of the Earth system—Ilike climate change and
biodiversity loss—and their synergistic effects. Section 4 describes the health impacts of these
large-scale disruptions, such as food and water insecurity and infectious disease spread. Section 5
addresses the inequitable health burdens on populations that face disproportionate exposure to
environmental hazards and have limited adaptive capacity. Through the lens of Earth system
justice (ESJ), the review emphasizes the need for just, systemic change. Section 6 discusses
solutions, including clean energy, sustainable agriculture, and circular economies, and calls for
cross-sector collaboration that will lead to governance, education, and economic reform to ensure
a just, resilient, and health-focused future.

1.1. Emergence of Planetary Health

Introduced by The Rockefeller Foundation—Lancet Commission in 2015 (1), Planetary Health ad-
dresses the escalating impacts of global environmental changes on human health and well-being,
and on the whole web of life on Earth, while highlighting the deep transformative changes that
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are essential for sustaining and advancing global health. The Planetary Health Alliance defines
Planetary Health as “a solutions-oriented, transdisciplinary field and social movement focused on
analyzing and addressing the impacts of human disruptions to Earth’s natural systems on human
health and all life on Earth” (see https://www.planetaryhealthalliance.org/planetary-health).
Planetary Health unites diverse scientific disciplines and knowledge forms and emphasizes the
interdependence of human health with the health of other species, ecosystems, and ultimately
Earth’s natural life support systems while promoting stewardship to sustain human well-being
through an integrated approach (8). Planetary Health calls for just and systemic solutions to
global environmental challenges, overcoming their root causes, recognizing disparities in both
contributions to and impacts from natural systems degradation, and ensuring that the human pop-
ulations most affected are not left behind (9, 10) (see the sidebar titled Comparison with Other
Frameworks).

Planetary Health aligns closely with the SDGs, underscoring that a healthy and resilient en-
vironment is essential for development and human well-being (17). Embedding Planetary Health
principles into the post-2030 national and global policy agenda offers an opportunity to ensure
harmonization between ecosystem integrity and development.

Building on this foundation, the Planetary Health Alliance, comprising more than 500 organi-
zations across 79 countries, has been instrumental in advancing research, policy, and educational
initiatives aimed at translating Planetary Health into action (11). Through the collaboration of sci-
entists, policy makers, and community leaders, the Planetary Health movement encourages work
across various sectors to reduce environmental threats and improve human well-being.

2. EXAMINING THE DRIVERS OF LARGE-SCALE
ENVIRONMENTAL CHANGES

This section examines the underlying drivers of large-scale environmental change, including
demographic transitions, technological advances, societal consumption patterns, and governance
inefficiencies. It explores how they operate independently and in concert to destabilize Earth’s

COMPARISON WITH OTHER FRAMEWORKS

Planetary Health aligns with other approaches that link human, animal, and environmental health, such as One
Health and EcoHealth (11). Initially centered on zoonotic diseases, One Health has recently expanded its scope
to address broader health implications from human-animal-environment interactions (14), promoting collabora-
tion across veterinary, human health, and environmental sectors to tackle emerging health threats (e.g., zoonotic
diseases and antimicrobial resistance). EcoHealth emphasizes ecosystem-centered perspectives, acknowledging the
importance of healthy ecosystems in promoting human health (14).

Planetary Health, however, uniquely addresses the large-scale and accelerating pace of environmental changes,
such as biodiversity loss and climate change, that destabilize the Earth system. While One Health and EcoHealth
prioritize mainly specific disease or ecological dynamics, Planetary Health adds a focus on human health, addresses
systemic issues, and explores how environmental deterioration can have cascading and far-reaching consequences—
geographically and over time—on human well-being. Drawing on insights from these frameworks, Planetary Health
promotes an inclusive and transdisciplinary approach to solutions that are both just and globally relevant (8, 10).
Further dynamic development of each of these approaches should involve close exchange between the relevant
communities, acknowledging their strengths and specificities and with a view to a common vision, rather than
competition (15, 16).
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natural systems and accelerate the transgression of PBs. By describing each factor, we aim to
clarify its significance and individual role in advancing global ecological strain and the cumulative
impact of these drivers on critical natural systems.

2.1. Demographic Transitions

Demographic shifts and rising resource demand are key drivers of environmental changes (18).
With the global population now surpassing eight billion, demands for vital resources such as food,
water, and energy (19; see https://population.un.org/wpp) place increasing pressure on natural
systems, leading to deforestation, water scarcity, loss of biodiversity, pollution, and urban sprawl
(20). Additionally, increases in life expectancy and rural-to-urban migration create lifestyle shifts
(i.e., more demand for services and products) that compound strains on ecosystems. At the same
time, urbanization may reduce the per capita environmental impact, depending on how cities
are designed (21). However, population growth as a driver of global environmental change must
be discussed critically. While population growth is highest in low- and middle-income countries
(LMICs), high-income nations—home to most of the world’s wealth—are responsible for the
highest share of both resource use and emissions (e.g., the wealthiest 10% consume as much energy
as the poorest 80%) (22). Furthermore, high birth rates are increasingly recognized as an effect of
gender-based discrimination and transgression of sexual and reproductive rights, combined with
socioeconomic deficiencies and restricted access to education, rather than as a primary cause of
environmental pressure (23).

2.2. Technological Advances in Resource Extraction

Technological advances through mechanization and automation have greatly improved the ef-
ficiency of resource extraction in industries such as mining, drilling, and forestry (24, 25). For
example, automated equipment and remote-controlled systems in mining have enabled mining
operations that now regularly reach depths of 1,000-3,000 m or more (25). These innovations
aim to meet the growing demands for raw materials and energy to produce the goods and ser-
vices of consumption-driven societies (7). However, these advances carry serious environmental
downsides, leading to habitat destruction, biodiversity loss, soil degradation, and heightened pol-
lution (26). Despite the call for incorporating efficient practices, such as Industry 4.0 technologies
(27), extraction industries remain energy inefficient and adopt more sustainable technologies at
low rates (28). Paradoxically, while potential efficiencies aim to conserve resources, they can re-
sult in increased total resource use and emissions, a phenomenon known as the rebound effect

Q9).

2.3. Industrialization

Industrialization has been pivotal for the improvement of living standards, particularly in high-
income countries, but has also contributed significantly to environmental degradation. Fossil
fuel-based energy in industry is the third leading source of carbon dioxide (CO,) emissions glob-
ally (30), and industrial operations, including manufacturing and chemical production, release
hazardous pollutants into the air, water, and soil. These pollutants include particulate matter,
organic and nonorganic compounds, and greenhouse gases (31, 32). Industrial wastewater is fre-
quently dumped into rivers, lakes, and oceans, degrading water quality and adversely affecting
aquatic environments and thereby posing a risk to biodiversity and overall ecosystem health (33).
The negative consequences of industrialization can be exacerbated, particularly in LMICs, when
inadequate regulatory oversight or environmental protections are not in place (31).
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2.4. Societal Values and Economic Priorities

Societal values that prioritize economic growth and consumerism, while neglecting the inter-
connectedness of humans and nature, favor linear and extractive economic models. Such models
underpin the exploitation of resources and generation of emissions without adequately account-
ing for externalities in the form of environmental harm or negative direct health impacts (19, 34).
"This inadequate accounting for externalities accelerates environmental changes like deforestation,
pollution, and biodiversity loss while frequently neglecting the short- and long-term impacts on
ecosystems and human well-being (35, 36).

In addition, the global political economy of resource extraction is often dominated by foreign
investments, especially from the Global North, that exploit resources in the Global South without
the consensus of affected communities, their just compensation, or the equitable sharing of bene-
fits arising from the use of resources (37). This extractive imperialism, which often follows colonial
patterns, prioritizes resource exploitation to fulfill global demands, especially of the wealthy, over
local communities’ environmental, economic, and social well-being (35, 36). These dynamics are
well-documented in regions like Latin America and sub-Saharan Africa, where policies focused
on intensive resource extraction exacerbate social gaps while keeping the local economy reliant on
unsustainable practices and trapped in global dependencies (35). However, contemporary resource
extraction dynamics extend beyond colonial patterns. Increasingly, South-South interactions, as in
Chinese, Indian, and Gulf state investments across Africa, Asia, and Latin America, are reshaping
the landscape of exploitation (38, 39).

2.5. Governance Failures

Inefficient, ineffective, or detrimental governance exacerbates environmental challenges through
procedural failures, including unaccountability, policy delay, nontransparency, inequity, and ex-
clusion. These failures perpetuate global and local power disparities, favoring powerful interests
over marginalized groups, prioritizing short-term gains, and often overlooking structural causes
of environmental decline (40-44). Policy efforts designed to mitigate or reverse environmental
degradation also frequently lack efficient accountability measures. Inadequate coordination be-
tween national and international bodies as well as nonstate actors—especially when combined
with increasing geopolitical tensions—can lead to policy incoherence, stagnation, or entrench-
ment (15, 45, 46). Additionally, overcentralized governance structures tend to disempower and
restrict participation from marginalized and impacted communities, weakening credibility and
further fragmenting governance (47, 48).

2.6. Rapid Urbanization

Cities are home to more than half of the world’s population, with the highest growth rates oc-
curring in small and midsize cities (49). They contribute 70% of global energy consumption
and CO; emissions (49). Urbanization can lead to both positive and negative environmental
outcomes as well as direct health outcomes, depending on context and urban planning qual-
ity. Well-implemented urbanization can reduce per capita resource consumption, improve access
to services and infrastructure, and boost well-being. However, in many contexts, particularly in
LMICs, rapid urbanization often leads to deficiently planned settlements lacking adequate in-
frastructure, thereby increasing environmental and health challenges due to limited clean water,
sanitation, and health care (50).

Globally, urbanization contributes significantly to habitat destruction and fragmentation that
significantly affects wildlife and ecosystems (50), transforming landscapes such as forests, wetlands,
and farmlands into commercial, residential, and industrial areas. This process leads to a decline
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in biodiversity and nature’s contributions to people, which in turn have consequences for cities
(51, 52). The local modification of land surfaces, the construction of urban infrastructure, and
inadequate waste and pollution management lead to soil erosion; impaired water infiltration; con-
tamination of water, soil, and air; decreased air circulation; and the urban heat island effect (31,
51).

Expanding and supplying cities also often rely on distant resources, which can lead to unsus-
tainable land system changes such as deforestation and degradation beyond the city boundaries
(51). Globally, cities often show a linear metabolism, characterized by a large inflow of exter-
nal resources and an outflow of quantities of emissions, waste (e.g., municipal or industrial), and
pollutants, with impacts on ecosystems and public health from the local to the global scale (31,32).

2.7. Agricultural Practices and Expansion

Agricultural expansion and intensive farming practices greatly contribute to environmental degra-
dation, which in turn increasingly imperils agricultural production (53, 54). Increasing global
demand for food, agricultural commodities, by-products, and animal feed hasled to the widespread
adoption of monoculture farming and excessive use of fertilizers and pesticides. Importantly, the
production of animal food products contributes disproportionately to the environmental impacts
of agriculture (55).

Nutrient runoff, especially of nitrogen and phosphorus, and the release of agrochemical
residues lead to eutrophication and soil, water, and air pollution, which significantly affect an-
imals, plants, and ecosystems (53, 54). Moreover, intensive irrigation methods exacerbate water
scarcity by draining aquifers and rivers, particularly in arid regions, where soil salinization is a
concern (53). Agricultural expansion contributes to deforestation, desertification, and land degra-
dation, with around 420 million hectares lost since 1990, affecting soil health and the function of
land as a major carbon sink (53, 54). However, for reasons such as land speculation and poor man-
agement, not all land cleared for agricultural purposes transitions into sustained agricultural use;
instead, it often leads to degraded or abandoned deforested areas, particularly in tropical regions
where deforestation is driven largely by livestock and crop demands for export (56). Combined,
land system changes for agricultural purposes contribute to nearly a quarter of global greenhouse
gas emissions (52).

Understanding the underlying causes of large-scale environmental change provides insight into
the mechanisms accelerating ecological degradation. Building on this insight, Section 3 examines
how these forces manifest as large-scale changes across Earth’s natural systems—such as shifts in
climate stability, biodiversity, and resource depletion—that collectively threaten human health.

3. ANTHROPOGENIC EARTH SYSTEM CHANGES

Human activities disrupt the Earth system at an alarming and often accelerating pace (Table 1).
This section examines how the drivers discussed in Section 2 manifest as large-scale changes across
Earth’s natural systems—such as shifts in climate stability, biodiversity loss, changes in biogeo-
chemical cycles, and resource depletion. These changes are substantially reshaping the planet,
impairing Earth’s capacity to buffer change. The loss of stability and resilience of the Earth sys-
tem is tracked by the widely recognized PBs framework (see the sidebar titled The Planetary
Boundaries Framework: Defining the Safe Operating Space for Humanity). Six of the nine PBs are
currently transgressed, and trends for most boundaries point toward further transgression, mean-
ing that humanity is moving deeper into the zone of increasing risk and uncertainty (6). Earth
system changes are collectively threatening human health and have far-reaching implications for
the stability and resilience of societies and ecosystems.

Faerron Guzmin et al.
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Central to these human-caused disruptions is climate change, which is caused by a steady rise
in atmospheric CO; and other greenhouse gases, primarily from fossil fuel combustion and de-
forestation (30, 57), and has led to increasing average global temperatures (7). The disruption of
the climate system is also leading to more frequent and severe extreme events, like droughts, heat
waves, and storms (58). If only the current climate policies are implemented, the United Nations
Environment Programme expects an increase in average global temperature of 3.1°C (range: 1.9
3.8°C) by the end of this century (59). With such a change, billions of people would be exposed to
wet-bulb temperatures higher than 32°C (60), and agricultural productivity and water availability
would be disrupted worldwide (6, 61). Melting glaciers and rising sea levels, combined with bio-
diversity loss, would put coastal habitats (e.g., wetlands, coral reefs, mangroves) and urban areas at
risk (58). Climate shifts are also intensifying socioeconomic pressures and health risks, especially
in marginalized and low-income communities that are particularly reliant on intact ecosystems
and have limited adaptive capacity (61).

Environmental degradation is exacerbated by widespread pollution of air, soil, and water.
Driven mainly by industrial emissions, vehicle exhaust, and agricultural activities, air pollution
includes the harmful accumulation of pollutants like particulate matter (PM, 5) and toxic gases
(e.g., nitrogen oxides, sulfur dioxide) (31, 32, 62, 63). Pollution due to industrial waste, agricul-
tural runoff, and untreated sewage degrades water quality and harms aquatic ecosystems through
the accumulation of noxious substances such as pharmaceuticals, heavy metals, and microplas-
tics 31, 32). Soil pollution, caused primarily by excessive pesticide use, improper waste disposal,
and industrial activity, can lead to the loss of soil fertility, disrupt microbial communities, and re-
duce the land’s capacity to support vegetation (31). These forms of pollution collectively degrade
ecosystem integrity, disrupt natural nutrient cycles, and threaten the resilience of habitats essential
for biodiversity (31).

Biodiversity loss has accelerated sharply as a result of land use changes, pollution, and climate
change, placing around one million species at risk of extinction (53, 64, 65). This rapid species loss,
with rates of extinction far exceeding historical baselines, harms nature’s contributions to peo-
ple, including pollination, nutrient cycling, and water purification (6). Overfishing, pollution, and
changes in marine biological and chemical composition also pose risks for marine biodiversity (66).
The biosphere’s capacity to support Earth system resilience is further compromised by declines
in genetic diversity and increasing human appropriation of net primary production, signaling that
change in biosphere integrity has breached safe planetary limits (6).

Biogeochemical cycles, especially those of carbon, nitrogen, and phosphorus, have also been
fundamentally altered by human activity. Nutrient overload from excessive use of synthetic fer-
tilizers leads to nitrogen and phosphorus accumulation in soil and water, which contributes to
eutrophication, biodiversity loss, and compounding pressures on freshwater and marine ecosys-
tems (6). These unsustainable agricultural practices have disrupted these cycles beyond safe PBs,
stressing food security and ecosystem functionality (6).

Driven mainly by intensive changes in land use (e.g., urbanization, monoculture farming), land-
based ecosystems are experiencing extensive degradation due to deforestation, desertification,
erosion, soil degradation, and natural pasture loss (67, 68). These changes also lead to biodiversity
loss, increased carbon emission, reduced carbon sequestration, habitat fragmentation, and loss of
nature’s contributions to people, such as the regulation of the hydrological cycle (52, 69). Simulta-
neously, vital resources such as freshwater and arable land become increasingly scarce, threatening
global food production (69). This scarcity is driven primarily by unsustainable agricultural prac-
tices that consume approximately 70% of global freshwater and deplete water sources, especially
in regions under water stress (54, 70, 71), and by erosion, desertification, climate change, poor
resource governance, and urban expansion (54, 72).
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Finally, the world’s oceans are experiencing significant biophysical changes due to climate
change and other human-caused disruptions. Rising sea surface temperatures, ocean acidification,
and deoxygenation attributed to nutrient (e.g., phosphorus and nitrogen) overflow and global
warming—alongside overfishing—are increasingly harmful to marine life and ecosystems (73, 74,
75). These processes threaten vulnerable species, like coral reefs and shellfish, and worsen the de-
cline of marine habitats and biodiversity, which could cause the collapse of marine food webs and
significantly alter species distribution (75).

3.1. Interactions Among Changes and Tipping Elements

Earth system changes do not happen independently; they interact in complex, sometimes un-
predictable ways and can lead to synergistic amplifying effects over Earth’s natural systems and,
subsequently, human well-being. The interconnectedness of Earth’s natural systems means that
disruptions in one can trigger cascading effects on others, posing catastrophic scenarios that risk
human well-being (78).

Large-scale changes can also induce self-reinforcing feedback loops, as captured by the concept
of climate tipping points that, once surpassed, are irreversible and can trigger domino effects across
the global climate system (12). Examples for such dynamics are the vicious cycles of deforestation,
global warming, and forest fires as well as the cycle between permafrost melting and carbon release
from melting soils or rapidly melting ice sheets that allow for the intrusion of relatively warmer
water, which in turn is speeding up the melting of those ice sheets (79).

Important tipping elements also include alterations of atmospheric circulations such as the
Sahel/West African monsoon, tropical coral reef die-off, Amazon rainforest dieback, and collapse
of the Atlantic Meridional Overturning Circulation (12). Irreversible tipping of some of these sys-
tems could occur at 1 to 2°C above preindustrial temperatures (12, 78). However, the nonlinear
dynamics complicate predictability but signify that relatively small changes can trigger dispro-
portionately large outcomes (80). Their irreversibility points to the need to mitigate potential
changes from the outset rather than relying on any potential reversal in the future. Understand-
ing and anticipating tipping elements and interactions between Earth system changes are essential
for effective mitigation strategies and for addressing the cascading effects and health impacts that
can arise from these dynamics (81).

4. DIRECT AND INDIRECT IMPACTS ON HUMAN HEALTH
AND WELL-BEING

The core insight of Planetary Health is that the Earth crisis is fueling a global health crisis. In the
health professions, there is growing recognition that we can no longer safeguard human health
while the natural life-support systems that we all depend upon deteriorate under the weight of
humanity’s ecological footprint. Evidence abounds that each Earth system change tracked by the
Planetary Boundaries framework has substantial implications for human health (81) (Figure 2;
see the sidebar titled Human Health Implications of the Planetary Boundaries Framework). The
health impacts are diverse and far-reaching and are likely to be responsible for most of the global
burden of disease over the next century (82). They manifest in various health dimensions, such
as food security, communicable diseases, and mental health. This section reviews the most critical
impacts of large-scale global environmental changes on different dimensions of human health.

4.1. Nutrition

The deterioration of Earth’s natural systems significantly threatens food security, affecting crop
yields and nutritional quality. Warmer climates and altered rainfall patterns, especially in the
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Figure 2

Human health and well-being are influenced by Planetary Boundaries and embedded within the state of the
Earth system. Figure adapted with permission from https://planetaryhealthalliance.org/planetary-
health-schematic, copyright 2025 Planetary Health Alliance. Earth image adapted from an Adobe Stock
image by Gizem Gec¢im Kandal (https://stock.adobe.com; file number 489137253).

tropics, are projected to decrease yields of crops like maize and wheat by around 25% for each de-
gree of temperature increase (83). Elevated CO, concentration also leads to decreased nutritional
quality, including a 3-17% drop in the zinc, iron, and protein levels of staple foods such as wheat,
rice, and legumes (83-85). This reduction in nutritional quality exacerbates nutrient deficiencies,
particularly in regions with already high malnutrition rates (83-85). Nutrient overload in soils,
paradoxically, also reduces agricultural productivity (86).

Extreme weather events, worsened by climate change, pose risks to agricultural productivity.
Flooding and droughts disrupt crop yields, compromise food supply chains, and exacerbate the
spread of crop diseases, disproportionately affecting low-income regions (83, 87). Warmer tem-
peratures boost pest metabolic rates, increasing pest predation and thereby reducing crop yields
even further (88). Pollinator declines also threaten yields of pollinator-dependent crops, reducing
access to fruits, vegetables, and nuts, foods that could prevent around half a million deaths annu-
ally (89). The combined impacts of these disturbances lead to a cycle of decreased food supply and
heightened malnutrition rates, which especially affect at-risk groups in areas already struggling
with food insecurity (83).
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HUMAN HEALTH IMPLICATIONS OF THE PLANETARY BOUNDARIES
FRAMEWORK

The PBs framework and its recent assessment are highly relevant to human health. On the one hand, the framework
is tracking Earth system changes that all have significant adverse human health impacts in the short term, in many
cases (e.g., aerosol loading and climate change) even well below the safe boundary thresholds (81). Since these health
risks can emerge independently from large-scale Earth system destabilization, respecting the PBs is not sufficient
to safeguard human health, contrary to a common misconception. Indeed, even more ambitious action is required
to comprehensively protect human health from the risks of Earth system change (81).

On the other hand, transgression of PBs, crossing of tipping points and loss of Earth system resilience lead
to further acceleration of these changes, which dramatically exacerbates their health risks in the long term (81).
Furthermore, large-scale disruptions and irreversible shifts in the Earth’s biosphere and climate system can funda-
mentally destabilize aspects of human societies, including food, health, and economic systems, and deepen social
inequalities, increasing vulnerability. In addition, as societal coping capacities are diminished, adaptation options
become more limited and likely less effective. Coming back to, and staying within, the safe operating space defined
by the PBs is urgently necessary to sustain healthy societies for future generations and to expand the number of
viable and desirable future trajectories. As evidence is mounting that Earth system change is already severely com-
promising human health, it is becoming increasingly clear that a stable Earth system with resilient ecosystems is a
fundamental prerequisite for human health in both the short and long term (81).

4.2. Infectious Diseases

The connections among climate change, biodiversity loss, and rising infectious diseases, espe-

cially vector-borne illnesses, are increasingly clear (90). Rising temperatures and altered rainfall

patterns can shift the geographical range and seasonal activity of vectors such as mosquitoes, ticks,

and flies, increasing the spread of diseases like dengue fever, leishmaniasis, Lyme disease, West

Nile virus, and potentially malaria (91-94). For instance, deforestation can increase malaria by

altering, among other things, the available breeding habitat of Anopbeles mosquitoes; however, a
high malaria burden can also reduce deforestation (95). Additionally, the number of months suit-
able for malaria transmission is increasing, particularly in areas at heightened risk, such as the

African and Central American highlands (91).

Similarly, dengue and other arboviruses have spread beyond the tropics as a result of rising tem-

peratures and prolonged rainy seasons. Endemic in more than 100 countries, dengue now exceeds

400 million cases yearly (96), linked to the proliferation of Aedes aegypti mosquitoes that flourish

in humid and warm conditions. Deforestation and urbanization contribute to the spread of Zika

virus and yellow fever, as humans encounter wildlife and zoonotic pathogens more frequently (92,

97). Similarly, in areas like the Amazon, deforestation, loss of habitats, and wildlife displacement

are driving the emergence of novel zoonotic diseases and pathogen spillover (92, 98).

Climate change, deforestation, and pollution also elevate the risk of bacterial infections. Rising

temperatures, for example, significantly expand habitats for pathogens like non-cholerae Vibrio

species, increasing infection rates in new areas (91). Pollution and extreme weather events leading

to floods also contribute to the spread of other waterborne bacteria, such as Vibrio cholerne and

Leptospira (99).

4.3. Noncommunicable Diseases

Noncommunicable diseases (NCDs) are now the leading global cause of morbidity and mortality;
environmental pollutants significantly contribute to their rise. Pollution is responsible for 16%
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of global deaths, 70% of which are linked to NCDs (32). In LMICs, an estimated 25% of total
deaths are linked to pollution (32) due to inadequate enforcement of environmental standards and
weaker health care systems (32).

Exposure to environmental pollutants, such as airborne particulate matter (PM; s and PM;)
from industrial activity and transport-related emissions as well as heavy metals (e.g., cadmium,
lead, chromium) in water and soil, increase the risk of cancer, cardiovascular diseases, and chronic
respiratory diseases (100, 101). In areas with high vehicular density, pollutants like nitrogen oxides,
carbon monoxide, and sulfur dioxide from burning fossil fuels increase the risks of these diseases
(101). Prolonged pollutant inhalation, especially in urban and densely populated areas, is linked
to decreased lung capacity, asthma, and chronic obstructive pulmonary disease.

Beyond pollution, other pathways of environmental change contribute to NCD risk. For ex-
ample, climate change is increasing heat exposure, which leads to increased cardiovascular and
respiratory mortality. From 2000 to 2019, for instance, an average of 489,000 deaths per year were
related to heat (102), a number that also includes deaths from acute heat illness (see Section 4.5).
Pollinator declines reduce access to healthy foods (e.g., fruits, vegetables, and nuts), leading to
nearly half a million annual deaths from cardiovascular disease, stroke, and certain cancers (84,
89). Additionally, extreme weather events contribute to long-term health impacts; in the United
States, an estimated three to five million deaths since 1915 are attributable to tropical cyclones,
many of which manifest later in life as NCDs (103).

4.4. Direct Injury and Displacement

The growing number and severity of natural disasters, exacerbated by climate change and land use
changes, increase direct injuries and fatalities. Harmful extreme weather events such as heat waves,
hurricanes, floods, droughts, and wildfires now occur more frequently. Heat exposure can lead to
heat injury in terms of acute heat illness, including heat stroke, when the body’s thermoregulatory
capacity is exceeded. With a global temperature rise of 1°C, an estimated 565 million people are
exposed to wet-bulb temperatures over 32°C for at least 1 day per year (7).

Cities experience worsened heat effects due to the urban heat island effect, especially in urban
areas lacking adequate mitigation measures (102). Heat waves also strain health services, emer-
gency responders, and the supply of essential services and threaten livelihoods and food security
as farmers lose their crops or livestock because of excessive heat (16).

Beyond heat waves, other extreme weather events are escalating in intensity (30). Tropical
storms and hurricanes displace dozens of millions of people yearly and directly cause thousands of
deaths (16, 104, 105). Climate change and the repercussions of disasters intertwine with societal
factors like violence and insecurity, creating greater vulnerability to displacement within and across
borders (30). In 2023, natural disasters caused the internal displacement of 26 million people,
and “environmental refugees” are on the rise (106). By 2050, more than a billion people could be
displaced due to sea level rise, disruptions to monsoon systems, desertification, and droughts (107).
The health risks faced by displaced populations are compounded by a lack of access to stable living
conditions, adequate sanitation, health care, and essential resources such as clean water and food.

4.5. Sexual and Reproductive Health

Global environmental changes significantly affect sexual and reproductive health, leading to ad-
verse maternal, fetal, and newborn outcomes (108, 109). Exacerbated by climate change, food
insecurity, air pollution, water shortages, and extreme heat can increase the risk of preterm birth
and nutritional deficiencies, particularly among disadvantaged populations (109). Malnutrition,
anemia, and preeclampsia are of particular concern in food-insecure regions (109) and are linked to
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stunting, developmental delays, and higher infant mortality. Increased groundwater salinity from
coastal intrusion and sea level rise raises the risk of preeclampsia/eclampsia in low-elevation coastal
zones (110). Finally, extreme weather events like floods and heat waves disrupt the availability of
sexual and reproductive health care, translating to a higher rate of perinatal complications (109).

4.6. Mental Health

Global environmental changes affect mental health in a variety of ways (58), for instance, by
increasing anxiety, depression, and posttraumatic stress disorder (PTSD). Recent studies link par-
ticulate air pollution to higher postpartum depression rates, highlighting pervasive and widespread
but subtle impacts on mental health (111). Eco-anxiety, especially in youth, is associated with
poorer mental health outcomes (112). Climate change and extreme weather events disrupt social
and economic systems, causing widespread psychological distress (113). Additionally, traumatic
disasters like hurricanes, floods, prolonged droughts, severe heat waves, and wildfires increase
rates of PTSD, depression, suicide, and anxiety (114). Compounded by displacement and con-
flict, mental health impacts disproportionately affect marginalized populations, older adults, and
Indigenous Peoples (110).

5. INEQUITY IN ENVIRONMENTAL HEALTH IMPACTS

Vulnerable populations, including low-income communities and marginalized racial and ethnic
groups, experience the most significant health impacts from global environmental changes as a
result of low adaptation capacity, political and societal exclusion, and limited access to health care,
financial resources, and technologies (115). Intersectionality, a crucial concept for understanding
compounded risk, highlights the increased vulnerabilities connected to interacting factors like
race, ethnicity, income, gender, and age and critically examines their root causes (116).

In addition, vulnerable populations often suffer from greater exposure to environmental haz-
ards, such as heightened pollution, or extreme events, such as floods, droughts, and heat waves,
due to the geographical location of their homes (117). They often lack the means of mitigating
these risks, such as access to adaptive infrastructure and technologies or, if required, the ability to
relocate to safer areas (117). Vulnerable communities facing disasters also find it harder to recover
and rebuild because of financial constraints and limited social support systems (118). Over time,
these differences in exposure and recovery increase health inequities (117, 118).

Power dynamics shape both environmental degradation and inequitable health impacts (117).
Globally, the wealthiest 5% consume more resources than the poorest half (91), and despite con-
tributing to only a small fraction of environmental degradation, lower-income groups bear the
disproportionate impact of environmental changes (59, 115). This disparity perpetuates the ex-
ploitative dynamics that exacerbate vulnerabilities. At the same time, high-income groups broaden
disparities by shaping policies to their advantage while externalizing environmental costs with
minimal accountability (115, 119).

Entrenched and inequitable power structures also obstruct meaningful global action on envi-
ronmental justice, limiting marginalized communities’ participation in policy spaces (117). Even
well-intentioned initiatives, such as bioenergy and carbon capture, often add to the challenges
faced by low-income communities, aggravating issues like food insecurity (117).

5.1. Transforming Back to the Safe and Just Corridor Is Critical
for Human Health

As in Planetary Health, the profound role of justice has been increasingly recognized in Earth
system science. In particular, the framework of “safe and just Earth system boundaries” (ESBs)
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assesses five of the PBs for justice (120, 121). Advancing from the concept of a safe operating
space, this framework defines a “safe and just corridor” (120, p. 104) for humanity on Earth. The
ceiling of this corridor is the maximum allowed pressure on the Earth system, on the one hand, to
maintain long-term Earth system resilience (the safe dimension, similar to the PBs) and, on the
other hand, to avoid any significant harm to people (i.e., essentially widespread adverse human
health impacts) at the same time (the just dimension). In some cases, a just operating space is
stricter than a safe operating space, such as for climate change and atmospheric aerosol loading,
as health risks can occur well before safe boundaries are transgressed (7) (see the sidebar titled
Human Health Implications of the Planetary Boundaries Framework). The floor of the safe and
just corridor is determined by the pressure on the Earth system that is (based on our current
systems) required to provide minimum access to essential resources for all people in terms of,
for example, food, water, and a sustainable energy supply, which are important prerequisites for
human health (122). The normative foundation of the just dimension of the ESBs framework is
the concept of Earth system justice (ES]). The three pillars of ES]J are intragenerational justice
(between communities and countries), intergenerational justice (between past, present, and future
generations), and interspecies justice in a stable Earth system, all of which address topics important
for Planetary Health, as described above (7). Transforming back to this safe and just corridor (i.e.,
safeguarding human health in the short and long term by meeting the minimum needs of all people
while simultaneously reducing pressure on the Earth system) will require major transformations
and a drastic reduction in inequalities (7).

6. SOLUTIONS FOR RAPID TRANSFORMATIONAL CHANGE

The health, humanitarian, and ecosystem impacts of the Earth crisis necessitate rapid, systemic
changes to sustain and regenerate essential natural life support systems. A Planetary Health ap-
proach emphasizes solutions that prioritize cobenefits, avoid unintended consequences, identify
root causes of vulnerability, and incorporate systemic approaches to reducing risk and uncertainty.
Importantly, there is no one-size-fits-all solution; instead, diverse, context-specific approaches are
required.

These transformations, often collectively referred to as the Great Transition (131), require
technological and policy changes to food and energy systems, the built environment, and manu-
facturing. However, such advances are insufficient. In addition, a profound shift in systemic drivers
of environmental degradation, sociopolitical structures, value, and economic systems in the pur-
suit of profit and short-term gains is necessary. The Great Transition centers on promoting global
solidarity, well-being, social justice, intergenerational/interspecies justice, the redress of persis-
tent inequities from colonial legacies, reconnection of humanity to nature, and a move away from
unchecked consumerism and environmental exploitation. The Great Transition highlights that the
environmental and health crises are intertwined and require systemic solutions that span beyond
borders and sectors.

An essential call from the Planetary Health community is for stronger collaboration to broaden
the constituency for change, as emphasized by the Sio Paulo Declaration and the Planetary Health
Roadmap and Action Plan (132) (see the sidebar titled The Planetary Health Roadmap and Action
Plan). In this spirit, recent collaboration between the Earth system science and Planetary Health
communities must be deepened and sustained by continuous support and cultivation (81). Inte-
grating health into Earth system science, complementing boundary evaluations with human health
risk assessments, and building on Earth system concepts such as the PBs and ESBs within Planetary
Health could help enhance transdisciplinary methodology, increase coherence, and synchronize
the overarching narrative (O. Masztalerz, P. Harich, H. Kleineberg-Massuthe, N.J. Lambrecht,
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THE PLANETARY HEALTH ROADMAP AND ACTION PLAN

The Planetary Health Roadmap and Action Plan, endorsed at the 2024 Planetary Health Annual Meeting in Kuala
Lumpur, Malaysia, provides a strategic framework for rapid transformation to protect the health of the planet
and achieve the Great Transition. The Roadmap recognizes that the degradation of Earth’s natural systems and
the decline in global health are intertwined and emphasizes that achieving this transformation requires rethinking
governance, education, business, and communication practices so that future development aligns with Planetary
Health goals.

Central to the Roadmap is a call for governance reform, which urges policy makers to abandon outdated, growth-
focused models that threaten environmental sustainability (133) and to adopt frameworks emphasizing cross-sector
collaboration as well as ecological and social stability (134). To support governance reform, research in Earth systems
governance must develop adaptive structures that prioritize equity and resilience while addressing the synergistic
impacts of environmental degradation on marginalized communities (10).

The call to transform education, another pillar of the Roadmap, advocates for integrating Planetary Health
into curricula at all educational levels. This transformation aims to equip future leaders with the transdisciplinary
knowledge needed to address complex environmental and health challenges, fostering behavior change and new
generations that value sustainability and resilience (135).

The private sector is urged to align with Planetary Health principles and transition to circular economy mod-
els that prioritize resource efficiency, ethical sourcing, and long-term sustainability over short-term profits (136).
Collaborative research and sustainable business models can translate to technologies that align with ecological and
social boundaries, which are essential for creating a regenerative and distributive economy. By partnering with aca-
demic institutions, businesses can fund and advance research that identifies scalable ways to reduce environmental
footprints while promoting social equity.

Finally, effective communication and advocacy are essential to bridge the gap between scientific research and
public engagement (132). Narratives that resonate with diverse audiences—policy makers, business leaders, and
citizens—are crucial (137).
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L.M. Pértner, et al., “Exploring Earth system concepts from a Planetary Health perspective,”
manuscript in preparation). Stronger collaboration will also help inform a Planetary Health in
all policies approach, which could help identify win-win solutions (and avoid lose-lose options)
for human health and stabilize the Earth system by identifying and overcoming trade-offs and
implementation barriers and preventing maladaptation (81).

Such an integrated approach also helps broaden the constituency for transformational change
of societies so as to ultimately overcome the intertwined environmental, health, and equity crises
of the Anthropocene (81). This cross-sectoral cooperation will require permanent platforms for
transdisciplinary exchange and as well as more ambitious interdisciplinary funding of science
and project implementation. Planetary Health solutions, described individually in the following
subsections, should be understood and applied through this integrated, holistic lens.

6.1. Reimagining Energy Systems

Decarbonizing the global energy system is essential to address climate change and reduce air
pollution. Renewable energy technologies, including wind, solar, hydro, and geothermal, are dis-
placing fossil fuel-based energy and are now economically viable. Estimates indicate that solar
power could increase by 8- to 28-fold and wind power by 3- to 12-fold by 2050, which would
drastically reduce emissions (138). Breakthroughs in energy storage, such as in batteries, are en-
hancing the reliability and resilience of renewables, supporting year-round power-grid stability
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CRITICALLY DISCUSSING INNOVATIONS IN CARBON TECHNOLOGY
AND INDUSTRY

As the global economy shifts toward sustainability, clean technologies and materials, carbon utilization and removal
technologies, and sustainable industrial practices are essential for addressing climate change and resource effi-
ciency. For example, more efficient solar and wind energy technologies, improved battery storage, and alternatives
to materials like cement are crucial in keeping our planet within safe boundaries (30).

However, these advances need to be discussed critically. Carbon capture, for example, is promoted as essential for
reducing carbon emissions, and technologies like direct air capture (DAC) can remove up to 5 Gt of CO; annually by
2050 if scaled effectively (171). However, scalability is still in question, and DAC is frequently used as a justification
to sustain fossil fuel dependency, rather than drive the transformational change needed for sustainability (171).

Wiaste-to-energy technologies in, for example, agricultural or sewage systems reduce waste while enhancing
sustainability through energy production and carbon efficiency (171, 172). However, similarly to DAC, ensuring
that these solutions support genuine reductions in fossil fuel dependency, rather than extending it, is crucial for
achieving climate goals.

Geoengineering, such as solar radiation management, has also been proposed as a possible intervention, although
its potential consequences remain controversial (7). Implementing cleaner and more efficient production methods
can also improve resource efficiency and reduce emissions; for example, incorporating Industry 4.0 principles can
increase industrial productivity by up to 30% while reducing energy and resource consumption (27).

(139, 140). However, alternative energies require sustainable management to prevent new ecolog-

ical burdens from extraction of raw materials and waste from component manufacturing (141).

Decentralized systems, like microgrids, ensure access to energy for distant and marginalized com-

munities, increasing resilience against severe weather conditions exacerbated by climate change

(139).

Governmental policies, such as stopping subsidies and introducing carbon pricing initiatives,

are critical for the adoption of renewable energy technologies and for the phasing out of fossil fuels.

Adequate policy implementation could lead to a 57% decrease in energy-related CO, emissions
by 2050 while reducing pollution-related deaths (63) (see the sidebar titled Critically Discussing
Innovations in Carbon Technology and Industry).

6.2. Transforming Food Systems

Transforming food systems is crucial for mitigating biodiversity loss, land use change, water

scarcity, and climate change; food systems are responsible for roughly one-quarter of all green-

house gases. Transforming the global food system not only is feasible but also offers economic
benefits worth at least US$5 trillion per year by 2050, which is much more than such a transforma-
tion would cost (US$200-500 billion per year by 2050) (142). Sustainable intensification practices,
such as precision agriculture, agroecology, regenerative agriculture, and integrated pest manage-

ment, reduce chemical fertilizer and pesticide use, promote biodiversity, conserve water, reduce

nitrogen and phosphorus pollution, decrease greenhouse gases, prevent land degradation, and im-

prove soil health, all while mitigating global environmental impacts and maintaining ecosystem
resilience and food security (10, 87, 143-145). Restoring traditional local food systems, based on

local and Indigenous agroecological knowledge, cultural preservation, and collective agency, could
also have substantial benefits (146).

Dietary shifts, through reforms that enable people to make choices that support cobenefits, are

equally critical. Shifts include reducing consumption of highly resource-intensive foods that drive
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deforestation, water scarcity, and greenhouse gas emissions, such as red meat from commercial
livestock farming, and incorporating alternative protein sources (143, 147). Adopting alternative
high-nutritional-value proteins, such as plant-based proteins, insects, and imitation meats, could
reduce agricultural land use by up to 60%, as livestock requires land for both grazing and produc-
ing animal feed (147, 148). Shifting to mostly plant diets would also have significant direct health
benefits that would make up the largest share of the avoided hidden costs when the global food
system is sustainably transformed (142).

Decreasing food waste and food loss, which account for one-third of all food produced, is
another vital priority to reduce the environmental impact of food systems while enhancing food
security (143, 149). Improved technologies for supply-chain efficiency through improved storage
and distribution, alongside policies promoting food recovery and redistribution, are steps toward
combating this challenge (144).

6.3. Reinventing Transportation Systems and Built Environments

Transport currently accounts for nearly 25% of global CO, emissions (150-152). Reducing
emissions and pollutants and enhancing urban livability require the expansion of sustainable trans-
portation policies that enhance efficient public transit, adoption of electric vehicles (EVs), active
transport strategies, and development of sustainable transportation infrastructure. These trans-
formations could reduce urban air pollution and carbon emissions significantly by lowering the
number and density of individual vehicles and encouraging a shift away from combustion en-
gines toward EVs (153). At the same time, active mobility has a wide range of direct health
benefits, including prevention of chronic disease (15). Although adopting EVs is crucial for re-
ducing transport-related emissions, it also requires coordination across the energy, infrastructure,
and transport sectors (150). Nonetheless, solely replacing combustion engines with EVs can lead
to unintended environmental consequences, like increased mining and eventual battery waste. A
Planetary Health-informed approach prioritizes reducing overall vehicle dependency, promoting
public transit, and enhancing sustainable urban design (150-152).

The use of green urban planning strategies, which integrate green spaces, energy-efficient
infrastructure, and compact mixed-use developments, in addition to construction methods that
incorporate sustainable materials and energy-efficient designs can significantly lessen environ-
mental impacts. For example, green spaces and the shade they provide counter the urban heat
island effect, improve air quality, and reduce flood risks through natural drainage (49). Green
spaces also provide essential ecological functions for human well-being. Access to nature within
cities has been linked to improved mental health, reduced stress, and enhanced physical activity
154).

Upgrading structures and retrofitting with energy-saving technologies further diminish en-
ergy consumption, emissions, and operational expenses (49). Sustainable urban design is crucial
in helping cities withstand the effects of climate change, and a holistic approach to city planning
is vital to mitigating environmental impacts while improving urban resilience and quality of life.
Importantly, unintended adverse consequences of urban greening and transformations, such as
green gentrification, need to be avoided to prevent maladaptation (155-157).

6.4. Transforming Economic Systems

Transforming consumptogenic and growth-based economic systems is key for sustainability,
justice, and well-being (46). The World Health Organization’s Health for All report (158) and the
United Nations’ Pact for the Future (159) indicate a need to reorient economic systems toward
human and planetary flourishing rather than the pursuit of economic growth at all costs. In
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addition, the interdisciplinary Earth4All initiative proposes a range of measures to achieve major
economic turnarounds (160). Critical changes will also require shifts in accounting, reassessment
of the allocation of subsidies and taxes, alternative progress indicators, distributive justice, and
new forms of risk and asset management (7).

Example of such an approach are well-being economies that prioritize health, social, and eco-
logical well-being over increases in gross domestic product (161). Nations like New Zealand and
Scotland have already incorporated well-being economies into planning (162). Frameworks like
doughnut economics advocate that everyone can access basic needs while respecting ecological
boundaries (161), while postgrowth and degrowth models, both connected to the principle of suf-
ficiency (i.e., how much is “enough”), are increasingly discussed as promising concepts (163-165).
Central to these approaches is the achievement of better social outcomes with lower biophysical
resource use (166).

Adopting circular economic principles, such as resource/material efficiency, waste minimiza-
tion, sustainable manufacturing, and product life-cycle management, is also critical (167, 168).
The transition to a circular economy could produce economic benefits while reducing the envi-
ronmental footprint (168). In parallel, holistic approaches to circularity call for circular societies,
emphasizing the redistribution of wealth, knowledge, technology, and power (169).

Finally, sustainable finance channels investments that support environmental sustainability
while deterring financing of harmful ecological practices (e.g., fossil fuel extraction). Sustainable
financing requires new indicators of return on investment that measure real environmental costs of
investments, including externalities, and can capture cobenefits. Green bonds play a role in fund-
ing initatives geared toward environmental benefits such as renewable energy and sustainable
agriculture. To meet the Paris Agreement targets, the world will need an estimated US$53 tril-
lion of financing (170). Environmental, social, and governance criteria are increasingly gaining
traction among investors who are steering investments toward businesses that adhere to defined
sustainability standards (170). Recent research in countries like China highlights the impact of
sustainable financing supporting low-carbon economies and the decoupling of economic growth
from intense resource use (170).

6.5. Social, Behavioral, Narrative, and Value Change

Achieving the transformative objectives of Planetary Health requires reimagining humanity’s re-
lationship with Earth through a philosophical and cultural shift recognizing the intrinsic value of
nature and acknowledging interdependence between all of the life forms and nonliving elements
of our planet (see the sidebar titled The Role of Arts, Humanities, and Faith Traditions). Conven-
tional anthropocentric perspectives, through consumerism and extractivism, foster an exploitative
and top-down relationship with nature. Addressing ongoing polycrises demands reshaping nar-
ratives, emphasizing sustainability, environmental stewardship, and the interconnectedness of
human and ecological health (124, 131, 174) (see the sidebar titled Ecological Civilization and
Implementation in China).

Conceptually reframing health and how it is measured is vital to recognizing interdependencies
between human well-being and the health of the planet (175, 176). Educational institutions at all
levels, the media, and civil society are crucial in promoting these perspectives. Education for sus-
tainable development and public awareness campaigns empower communities toward collective
action fostering sustainability, lifelong learning, and enabling individuals to address environmental
crises (177). Planetary Health education connects environmental and social challenges, preparing
future leaders for transdisciplinary actions to protect the environment while promoting global
health (178).
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THE ROLE OF ARTS, HUMANITIES, AND FAITH TRADITIONS

The arts, humanities, and faith traditions can uniquely contribute to transformative change by providing platforms
for storytelling, cultural expression, and ethical reflection. Visual art, literature, poetry, and cinema can commu-
nicate ecological concepts in easy-to-understand and emotionally impactful ways. Arts and the humanities enable
individuals to envision future possibilities and reshape their connection with nature; they promote critical thinking
and ethical inquiry into dominant anthropocentric worldviews, motivating collective efforts toward sustainability
(124, 131). History, philosophy, and literature uncover the origins of today’s challenges, including attitudes toward
nature, while offering perspectives on cultural reform (131).

Faith traditions also play an essential role in this cultural shift, in that many align with Planetary Health values
such as stewardship, humility, and care for creation. Religious leaders have the potential to mobilize their commu-
nities, offering ethical guidance on sustainable ways of living. Pope Francis’s (173) Laudato si’, for example, addresses
environmental stewardship and advocates for a new relationship with nature. Various religious beliefs highlight the
sanctity of nature and the moral and ethical responsibility to safeguard it (174).

ECOLOGICAL CIVILIZATION AND IMPLEMENTATION IN CHINA

China’s Ecological Civilization framework integrates environmental sustainability into national policy, aligning with
Planetary Health principles and the United Nations SDGs. Ecological Civilization draws from ecological sciences
and environmental philosophy to advocate for a sustainable development model and for balance between human
development and natural systems.

Key milestones include the adoption of the framework by the 2007 Party Congress and its inclusion in the 2018
Constitution. It is now a core component of the Chinese Dream, emphasizing harmony between humanity and
nature. Below are the key initiatives and their impacts (192-195):

m Ecological redlines, which protect 25% of China’s land, safeguarding biodiversity, water retention, and carbon
sinks.

m The Great Green Wall, which counters the expansion of the Gobi Desert with forests that act as windbreaks
across 4,500 km.

m The South-to-North Water Diversion Project, which transfers water to address water scarcity in northern
China, supporting urban and agricultural needs.

m The Yangtze River and Tai Lake cleanup, which restores major rivers and lakes as well as their surrounding
ecosystems, reduces industrial pollution, restores wetlands, and enhances wastewater treatment.

m The Blue Sky Defense Campaign, which reduces air pollution in major cities such as Beijing by restricting coal
use and promoting clean energy. Air pollution management initiatives aim to reduce emissions with higher
toxicities.

Despite these advances, challenges persist, including transitioning to clean energy in a coal-rich and coal-dependent
country as well as enforcing environmental regulations amid economic pressures (196).

While Ecological Civilization does not explicitly reference the PBs or ESBs, its systems-based policies, rooted
in the philosophy that “green mountains and clear waters are equal to mountains of gold and silver,” support key
PBs like climate change and biosphere integrity, thus offering a scalable model for Planetary Health to balance
economic and ecological priorities.
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Behavioral and corporate incentives play an essential role in promoting sustainable practices.
Governments can introduce mechanisms like carbon pricing, and tax breaks or subsidies for win-
win scenarios, to encourage individuals and corporations to adopt more sustainable behaviors and
make environmentally sound decisions (179).

However, this transformation is about not only promoting “new” ideas but also learning from
well-established knowledge systems that offer invaluable insights. For example, Indigenous Peo-
ples and Indigenous knowledge systems often see humans as integrated into nature rather than
separate from or above it, promoting ecocentric values that emphasize respect, reciprocity, long-
term planning, and balance with the environment (124) (see the sidebar titled Reflections on
Indigenous Planetary Health from an Indigenous Scholar).

REFLECTIONS ON INDIGENOUS PLANETARY HEALTH FROM AN INDIGENOUS
SCHOLAR (NICOLE REDVERS)

The understanding of PBs has been inherent within Indigenous communities for millennia. Indigenous communi-
ties have clear traditional protocols (i.e., guidelines) that govern how many animals or plants to take, how to keep
the land and water clean, and how to prevent overconsumption within an environment of finite resources. The
understanding of boundaries is not limited to the physical world or the physical limits that need to be in place to
ensure a healthy environment but also encompasses the mental, emotional, and spiritual world (123). Itis clearly un-
derstood that when a human overuses the environment past its limit, the cause is much deeper than physical actions
and consequences. Instead, the cause may be a disconnection of the self from the community, a disconnection from
Earth-centric value systems, and a lack of understanding of the relational connectivity of people to the land needed
to keep the world in balance (e.g., Natural Law) (123, 124). Accordingly, the understanding that all life forms are
completely dependent on the health of the planet is embedded within many Indigenous knowledge systems.

Although the English-language term Planetary Health, and its modern conceptualization within academic cir-
cles, has been around for only a decade, the concept underlying Planetary Health is not new. Indigenous Peoples
have numerous language concepts and words with translations that ultimately embody the understanding of Mother
Earth’s well-being. These understandings can apply to certain elements of ecosystems (e.g., the health of water), the
planet itself, and even the cosmos. For example, Nats’eju Tis means “water healing” in one dialect of the Dene lan-
guage. Indigenous languages are often verb-based and not noun-based, so “health” as a transient state is not really
conceptualized but instead regarded as the process of being in a state of “healing.” This concept applies to the innate
understandings of Mother Earth’s health, which is viewed from a place of interdependence and interconnectedness
to all other elements and beings on the planet.

As such, modern conceptualizations of Planetary Health are often disconnected from the many knowledge tra-
ditions that form the basis for ensuring that Mother Earth is always in a state of healing. Although Indigenous
Peoples have always had clear understandings of Planetary Health through their own languages, only in 2018 and
2019 did Indigenous scholars start to leverage the use of the academically derived term Planetary Health (125-127).
Alongside this increase in use of the term came an increased interest in having Indigenous participation within
various international mechanisms, as well as an increasing interest in Indigenous knowledge systems in a time of
global crises. Despite these seeming alignments in motives between the field of Planetary Health and Indigenous
conceptualizations of Planetary Health, Indigenous Peoples have not been afraid to call out the gaps, inequities,
and perceived colonial undertones of some elements of these movements (e.g., Planetary Health and One Health),
which, as in most scientific circles, have historically tended to view Indigenous knowledges as low on the evidence
hierarchy (128).

The devaluing of Indigenous knowledges (97) by non-Indigenous science has been layered on continued social,
political, and economic discrimination (including violence) (129); Indigenous Peoples are often the most affected

(Continued)
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(Continued)

by climate change despite contributing the least to its cause (130). Nevertheless, collaboration among Indigenous,
local, and scientific knowledge systems is widely recognized as enhancing the effectiveness of climate action. Such

collaboration is compatible with maintaining the autonomy and distinctiveness of each knowledge system, and the

careful design of governance mechanisms can assure the autonomy of each system while promoting their joint

efficacy (130).

Indigenous scholars, therefore, have increasingly recognized the usefulness of the Planetary Health field as a
leverage point while also being strong in the need for the field to ground itself within the respect for multiple

ways of knowing while centering justice and rights-based approaches for Indigenous Peoples. Recognizing the

disproportionate burden on Indigenous populations from global environment change, while also appreciating that

Indigenous Peoples are key environmental stewards and leaders within the area, is crucial for the Planetary Health
agenda to be realized (124).
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6.6. Governance Reform

Advancing Planetary Health governance requires transformations in policy and institutions to
address the environmental drivers of health impacts effectively and equitably. Planetary Health
governance reforms should replace siloed approaches with cross-sectoral strategies that address
complex challenges systematically and simultaneously at global, regional, and local levels. As prin-
ciples of Planetary Health governance, accountability, transparency, equity, participation, the rule
of law, and responsiveness offer a framework to strengthen a just and sustainable future.

Accountability ensures that decision-makers and institutions adhere to laws, policies, and com-
mitments (e.g., SDGs, Paris Agreement) and answer to their constituents, building a culture of
compliance and momentum for transformational change (46, 180). Transparency and subsequent
trust in governance allow interested parties to make informed decisions; promote mutual com-
pliance, equity, and fair participation; and reduce corruption and the undue influence of vested
interests (181). Equity mandates that policies go beyond aggregate benefits to address specific im-
pacts on vulnerable populations that are more likely to be excluded from governance processes,
supporting inclusive outcomes (182).

Participation and inclusiveness allow for the incorporation of diverse perspectives, especially
those of Indigenous Peoples, future generations, and marginalized groups, legitimizing decisions
through representation and being vital for implementation (48). The rule of law facilitates com-
pliance and cooperation and supports human rights, ensuring laws are applied equally to protect
health and the environment (183). Responsiveness requires policies to adapt based on new sci-
entific evidence, concerns of impacted communities, and the dynamic nature of environmental
threats.

At the global level, frameworks like the SDGs and the United Nations Pact for the Future
explicitly underscore governance as essential for sustainable development, focusing on account-
ability, inclusivity, transparency, and trust building in multilateral processes (184, 185). These
strategies collectively support a holistic, coordinated approach to achieve Planetary Health goals
across governance levels.

6.7. Strengthening Community Resilience and Local Collaboration

Building community resilience and fostering collaboration are critical for adapting to global
environmental change. A multipronged approach is required, including developing robust
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infrastructure, community disaster preparedness plans, and community-based/informed adapta-
tion strategies, all while avoiding maladaptation (186, 187). Examples like early warning systems
and climate change-resilient infrastructure, such as climate-resilient housing and flood manage-
ment systems, reduce casualties and decrease property and infrastructure loss while increasing
long-term resilience (188).

Strengthening health systems, integrating environmental risks into public health, and enhanc-
ing the capacities of human resources for health are also vital in facing global environmental
uncertainty and improving emergency response capabilities. Climate-resilient health services en-
sure service continuity amid climate-induced disruptions and can signify that communities remain
resilient in the face of environmental threats (188, 189).

Supporting context-specific innovations driven by grassroots movements and participatory
planning ensures that adaptation strategies are locally relevant and grounded in local realities. En-
gaging local communities in decision-making, bottom-up approaches, and improvement of local/
global governance also empowers communities to take ownership of their sustainability efforts

.

6.8. Achieving Earth System Justice and Social Equity

Achieving environmental justice and health/social equity requires addressing deep-rooted social
and economic inequities that contribute to environmental health disparities while embracing in-
tergenerational and interspecies justice (117). The recent concept of ES]J (see Section 5) unifies
essential Planetary Health principles, framing justice as inherently connected to environmen-
tal sustainability and human health (7). Inclusive and nontokenistic decision-making processes
are crucial to achieving ESJ and can help mitigate historical disparities, prioritizing voices of
marginalized communities and their political representation as well as ensuring their participation
in shaping policies that affect their lives now and into the future (190).

ES]J goes beyond addressing existing and historical disparities; it also includes preventing future
injustices. Policies and solutions that favor powerful groups who have benefited disproportionately
from environmental resources are prevented, while current and long-term health and social con-
sequences for those who are least responsible for environmental degradation are decreased (117,
191). A central tenet is the just distribution of power and resources, fostering resilience and grant-
ing universal access to basic needs such as health care, education, and other social services (117,
191). Holding accountable those who have primarily caused and benefited from environmental
harm is also critical.

7. CONCLUSION

How we currently live, produce, consume, and exploit nature destabilizes the Earth system, upon
which our health fundamentally depends. Crossing critical environmental thresholds poses esca-
lating and cascading threats to food security, human health, and global well-being. These crises
demand immediate and cohesive action. To secure a livable and thriving future for humanity and
all life on Earth, transformative and systemic change that aligns our ways of living within PBs—a
Great Transition—is urgently needed.

Achieving this transition is as much a technical challenge as it is a profound moral and justice
imperative. An ES]J approach should be at the core of this transformation, encompassing policy
and action, and it must extend intergenerationally to ensure that future generations inherita planet
able to sustain healthy and dignified lives.

The scale of change required is monumental but achievable. To navigate this transition,
cross-sectoral and transdisciplinary solutions must be cohesively implemented. Governance and
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education reforms, technological advances, transformation of cities and food systems, and eco-
nomic restructuring, all anchored in expanding knowledge systems and equity, are critical. We
can only stabilize and regenerate our planet’s life support systems by harmonizing our relationship
with nature and prioritizing ecological and social well-being.
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