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Abstract Sections

The term ‘Anthropocene’ was coined in recognition that human activities | Introduction

have ended therelatively stable environment of the Holocene epoch. Contemporary uses
However, its widespread adoption across the humanities, arts and of the Anthropocene
sciences has led to diverse and sometimes incompatible definitions. The need for

In this Perspective, we argue for a stabilized definition of the Anthropocene | consistent definition

epoch to help address contemporary environmental challenges, and Summaryand

. . . e e 4. future perspectives
explore various applications of the Anthropocene across disciplines.
The Anthropocene epoch, with aproposed start pointin1952, underscores
that human-driven global-scale environmental disruption differs
from earlier humanimpacts of the Holocene, which did not cause such
profound destabilization. This clear distinction enables quantitative
and qualitative comparisons between the Holocene and Anthropocene
epochs, as already utilized, for instance, within the planetary boundaries
framework. As the Anthropocene Earth system transformation is systemic,
political responses also need be systemic, rather than ad hoc. A unified
Anthropocene epoch would help facilitate systematic, actionable
climate and environmental policies. By contrast, alternative, extended
interpretations of the Anthropocene are used to reflect accumulated
human environmental impacts over many millennia. These broader
interpretations portray the totality of anthropogenic change but
obscure the quantitatively established departure from Holocene
conditions. Applying a consistent Anthropocene epoch definition will
improve its utility to science, scholarship and policy.

A full list of affiliations appears at the end of the paper. [ e-mail: jazl@leicester.ac.uk
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Key points

o Dedicated research and policy institutions reflect how the
Anthropocene concept has already influenced particular fields,
including politics, economics, history and education, and helped shift
environmental science towards Earth system thinking.

e Human-driven environmental changes have long had political
importance, but since the 1950s the global systemic scale and
accelerating speed of Earth system changes have acquired societal
and political relevance of an entirely new order and magnitude.

o The Anthropocene is best and most clearly understood in its original
meaning, as representing an epoch characterized by the human-driven
departure from the 12-millennia-long, relatively stable planetary
conditions of the Holocene epoch. Its base is most optimally placed at
1952, corresponding to the mid-twentieth-century onset of the Great
Acceleration.

o Other uses of the term Anthropocene, which encompass all human
impacts over tens of thousands of years, mask the dramatic changes to
the Earth system that began in the mid-twentieth century and cannot
be defined in chronostratigraphic terms, and therefore represent a
concept distinct from the Anthropocene epoch.

e The central purpose of a clear, formalized definition is to facilitate
quantitative and qualitative comparisons between the stable Holocene
and increasingly unstable Anthropocene, and to aid more unified
communication across the Earth sciences, social sciences, humanities,
society and political and legal fora.

Introduction

Humanity has used more energy since the 1950s thanin the 12 millennia
of the Holocene epoch, largely through burning fossil fuels’, with much
ofthisenergy harnessed in activities such as mining and raw materials
production, transport, industry, the heating and cooling of buildings
and agriculture. Earthis now undergoing rapid anthropogenic transfor-
mation, characterized by amean temperature projected to exceed all
earlier Quaternary maxima?, extensive modification of the biosphere
throughbiodiversity loss®, domestication* and biotichomogenization®,
and unprecedented exploitation of natural resources®. These actions
have strongly altered the land surface and accelerated rates of ero-
sion and sedimentation by more than an order of magnitude, so that
global sediment transport and deposition are now predominantly
anthropogenic™.

The Anthropocene concept emerged from the recognition that
these human activities have ended the generally stable environmental
conditions of the Holocene, warranting a new geological epoch®™.
Since its introduction in the year 2000, the term ‘Anthropocene’
began to be used by many communities, including various physical
and social science disciplines, the arts and humanities, and in wider
society". Journals, academicinstitutes and centres, and educational
curricula, focus on the Anthropocene, and the term appears in grow-
ing numbers of scholarly papers, books and media articles. Major
museums have interpreted the Anthropocene concept in exhibitions
and public events™". Prominent global policies include the term

as a way of communicating the fragility of Earth’s habitability™ %,

includingin education, international law scholarship® and, implicitly,
jurisprudence®.

The popularity of the term ‘Anthropocene’ has led to differing
interpretations of its meaning and extent across different disciplines.
Within the geological epoch meaning, the point in time where the
Holocene should end and the Anthropocene start has been widely
debated. Suggested inceptions have ranged from the mid-twentieth
century?, the Industrial Revolution (taken' as starting 1784 with
Watt’s improved steam engine), and colonization of the Americas by
Europeans in the seventeenth century?®, to agricultural soil develop-
mentapproximately 2,000 years ago* and widespread lead pollution
beginning around 3,500 years ago**. However, the only formal chron-
ostratigraphic proposal argued that the Anthropocene epoch start
pointwas best soughtin the mid-twentieth century and canbe precisely
defined at 1952%%, Hereafter, we use the term Anthropocene epoch
to reflect this definition, with ‘epoch’ lowercased to indicate infor-
mal status and Holocene epoch used in the same way to denote its
informally terminated state. By contrast, there is also what we here
refer to as an ‘extended Anthropocene’, which is used to encompass
protracted, non-chronostratigraphic representations of the Anthro-
pocene, encompassing any or allhumanimpacts ontimescales ranging
to tens of millennia, with no specific start point®*,

The formal Anthropocene epoch proposal was controver-
sially rejected in 2024?**°, which, in combination with the uncom-
monly large range in meanings of the term ‘Anthropocene’, hinders
systematic data comparison and obscures both Earth and human
history by failing to recognize the Earth system’s sharp departure
from Holocene conditions in the 1950s** (Box 1). Despite this formal
rejection, a distinction between Anthropocene and Holocene, set in
the mid-twentieth century, has become widely used in geological and
Earthsystemsciences* . For example, itis an essential component of
the Planetary Boundaries framework®, which emerged from evidence
of the Great Acceleration and accompanying observations that key
planetary indicators are diverging from the ‘safe operating space’ of
(pre-1950s) Holocene epoch baselines®**° (Fig. 1). This framework
quantifies thresholds for nine critical Earth-system processes, (of which
seven have been exceeded*'), beyond which the risk of abrupt, non-
linear or potentially irreversible environmental change increases®*,
These boundaries are widely used in environmental and sustainability
science and serve toinformglobal environmental policies, emphasiz-
ing the utility of the quantified distinction between Holocene and
Anthropocene for both science and policy.

Inthis Perspective, we discuss the use of the Anthropocenein sci-
ence, the humanities and policy, and emphasize how its utility would
be increased with a consensus on the definition. We suggest key pri-
ority areas for further development of the Anthropocene epoch’s
evidence base and for understanding the Anthropocene’s trajectory
more widely.

Contemporary uses of the Anthropocene

The following section examines differing meanings of the Anthro-
pocene, finding that these fall into two main categories. It goes on
to review applications of the Anthropocene within two disciplinary
clusters: environmental science, law and politics; and the humanities,
education and arts.

Differing meanings of the Anthropocene
Three broad patterns can be discerned in the use of the term
Anthropocene and the epoch concept it represents.
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Box 1| Linking the Great Acceleration to the Anthropocene epoch

Since the 1950s, unprecedented exploitation of geological and
biological resources to supply a rapidly expanding and increasingly, if
highly unevenly, affluent human population is evident from numerous
measured datasets®. The Great Acceleration is a term used to refer
to this steep post-World War Il increase in many socioeconomic and
environmental trends®®”, and visualized in a now-classic set of Great
Acceleration graphs®°?'® (Fig. 3). The Great Acceleration unfolded over
the second half of the twentieth century, and was driven by multiple
historical causes fomented over decades and centuries, such as
imperialism, (post)colonialism and global consumerism™. It is related to
other socioeconomic expressions such as the post-World War Il boom,
which includes the Wirtschaftswunder and Les Trentes Glorieuses, the
Chinese ‘economic miracle’ and the rise of the Asian Tiger economies
of Hong Kong, Singapore, South Korea and Taiwan. As such, the Great
Acceleration corresponds to elevated, if unequal, prosperity and
human health for many countries. Yet, this was increasingly tempered
by growing awareness, and study, of the many environmental
repercussions of increasing consumerism and fossil fuel combustion,
forming the context for the growth of Earth system science that treats
Earth as a single interlinked and ultimately vulnerable system®.
Consequences of the Great Acceleration have left a detailed
geological and global expression®, including a globally near-
synchronous surge in anthropogenic signatures that are statistically
centred on the year 1952 CE'*. These geological records represent
proxies of the Great Acceleration, with the year 1952 also being
marked by globally synchronous fallout from the first H-bomb?>%,
Strata formed since 1952 are thus distinguished by their extent,

First and foremost, the original®'® meaning of the Anthropocene

remains widely used, to denote various Earth system*** processes that
have departed from Holocene norms, revealed in climatic, environ-
mental, biogeographic and other patterns (Table 1). With this mean-
ing, the Anthropocene is intended to be the most recent interval on
the Geological Time Scale, the -cene’ suffix referencing an epoch and
series rank within the Cenozoic (Fig. 2). Inthis Perspective, we refer to
this concept as the Anthropocene epoch, and it represents our main
focus. In numerous studies, it is emerging as a synthesis to denote
many diverse aspects of ongoing planetary transformation caused by
humanimpacts**~**. The Anthropocene epoch recognizes that humans
have become a dominant component of the Earth system (through
their numbers, land use, mobility, resource consumption and waste
production), with global, lasting and consequential impacts on the
atmosphere, biosphere, lithosphere, pedosphere, cryosphere and
hydrosphere, reflected by numerous geological signals®*¢,

Second, the Anthropocene epochis acting as afocus for multidis-
ciplinary research themes where Earth system science (ESS), environ-
mental science, social science, cultural studies and education cross
over.Many institutes, journals and museums are adopting the termin
their nametoreflect their core missions. For example: the KAIST Center
for Anthropocene Studies, Korea; KTH Anthropocene History, Sweden;
the MPl of Geoanthropology, Germany; Anthropocene Division of the
Chinese Geological Society; Humanity inthe Anthropocene - Education
research Centre, France; and the Vienna Anthropocene Network. They
now provide a variety of structural frameworks that help perpetuate
and develop both term and concept.

bulk and composition"®”*%, The subsequent proposal to link the
base of the Anthropocene with the onset of the Great Acceleration®
emphasized that overwhelming human impacts are driving a
transformation in the Earth system.

These accumulating geological strata are more than passive
high-resolution records of human impacts. Forming the Earth’s
surface and near-surface, and including present-day soils, they, and
their novel freight of substances of anthropogenic origin such as
plastics, heavy metals and persistent organic pollutants, continually
interact within the lithosphere, biosphere, hydrosphere, cryosphere,
atmosphere and pedosphere. Novel pollutants affect soil-dwelling
and seafloor-dwelling biota, an interaction prolonged by physical
processes, such as where buried anthropogenic materials in landfills
are exhumed by wave and current action’®"®®, These processes are
now amplified by sea level rise and increased coastal erosion rates,
causing the release of land-stored contaminants from eroding
s0ils'°° and melting glaciers'™®'**. The growing ecotoxicological
consequences of novel substances within anthropogenic deposits,
not least agricultural soils, already affect human populations, with
growing impacts on human health’>731%%,

The biological and climatological patterns initiated during the
Great Acceleration are set to endure and indeed to increase long
into the future*'®. Increased awareness of the distinction between
pre-1950s and post-1950s trends could lead to more effective global
stewardship of the whole Earth system™, as with, for example, past
global management of specific issues such as acid rain'*'*’ and
ozone depletion'®.

Third, other conceptual meanings have been applied to the term
Anthropocene, such as the ‘extended Anthropocene’. Mainly, these
meanings do notinvolve —and some aimto refute — the ending of Holo-
cenebaseline conditions. These interpretations bring together many or
all substantial and cumulative anthropogenic environmental impacts
over many millennia under the term Anthropocene. Proponents of the
extended Anthropocene argue against any precise time limitsin truncat-
ingahuman history perceived as seamless. These perspectivesinclude
whathasbeenreferred to as an‘Anthropocene event?, but we here col-
lectively label them as the ‘extended Anthropocene’, developed within
disciplines suchas geomorphology*, archaeology*®, anthropology* and
the social sciences’. Within these extended meanings, the Anthropo-
cene cannot be aformal geological time unit, and so the ‘-cene’ suffix is
misapplied. It represents avalid concept, but one very different fromthe
Anthropocene epoch. We suggest that, if such anon-epochinterpreta-
tionisneeded, it might be given a different suffix to‘-cene’, for example,
anthroposphere’, to convey its distinct identity and to avoid confusion.

Overall, giving the Anthropocene asingle, formalized epoch mean-
ing, separate from that of all anthropogenic impacts through time,
should promote clarity in communication and help its effective use in
scholarly, public and policy or governance discussions.

The Anthropocene in environmental science, law and politics

For researchers examining Anthropocene processes in the environ-
mental, geological, biological and Earth sciences, the epoch concept
is already central. The ESS community used the Anthropocene epoch
meaning from the beginning, as a concept that became central to

Nature Reviews Earth & Environment | Volume 7 | September 2026 | 633-646

635



Perspective

Recorded by geochemical
proxies and effects to
sedimentary facies and
biotic assemblages

Species translocations,
extirpations and
modifications blurring
long-established

climate change

Including plastics,
persistent organic
pollutants, novel metals
' ! . o
biogeographic boundaries '@9
K\

and alloys, concrete
Radiative

forcing

Functional @
diversity 'é’
Increasing 8 @‘
‘urban strata’ § [} UV-affected
and sedimentary s Ex (malformed)
and biotic £ % spores,
disturbance 2 ¥ pqllen and
caused by 2 ] micro-
industrialized - g_ plankton
agriculture £ %
- o
2
2
S
-]
F
é"
$
Decreasing 69
oceanward o@ Globally
fluvial sediment & distributed fly
transport due to ée ash and soot
river damming )

he, - '
. e
Micay floy, an acd®
Changes to N-isotope ratios in Oce Thinned skeletons of calcifying
sediments and organisms; carbon-rich
sediments of spreading ‘dead zones’

organisms such as corals,
pteropods and foraminifera

Planetary boundary High-risk line

| | _ “ Currently unquantified
Safe operating space

beyond the
lanetary bound
Increasing risk High-risk zone planetary boundary

Fig.1|Thestate of the Earth system in the Anthropocene. Nine planetary
boundaries® indicate the scale that the safe operating space is being
approached or transgressed, with seven out of nine boundaries now exceeded*.

(grey boxes). Human planetary impact differs in scale across Earth systems, but
The corresponding geological signals produced are described for each system

those impacts are reflected in the geological record. UV, ultraviolet. Adapted
from https://www.pik-potsdam.de/en/output/infodesk/planetary-boundaries,
CCBY4.0.

analysis of post-1950 Earth system change®*. For example, the close
relationship between the Great Acceleration and Planetary Boundaries
concepts was consistent with the recognition that ESS and stratigraphic

Scientificanalysis ofkey Anthropocene trends encompassesemerg-
definitions of the Anthropocene starting in the ~1950s were ‘virtually

ing patterns of climate®****, biosphere including elevated speciesinva-
sions and extinctions®

,order-of-magnitudeincreasesin erosionand
sedimentation”*®and resultant geomorphological changes®, the pro-
liferation of novel materials such as plastics®>*' and technofossils®*, and

identical™
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Table 1| Ongoing trends in the Anthropocene

Technosphere growth 3% per year to 1,200 Gt 6,45,182
(increased from ~75 Gt by 1950)

Global freshwater use >300% increase 96

Water stored behind 1,500% increase 96

dams

Human appropriation 2,500% increase 7

of sediment

Sediment delivery 215% increase 7

torivers

River sediment reaching 50% decrease 7

the sea

Submarine ~780% increase 7

anthropogenic sediment

transport

Mining waste production ~900% increase 7,58

Coastal dead zones ~1,000% increase 96,97

Seawater pH Decrease from 8.15 to 8.05 45,96
(=30% H* ion increase)

Concrete production 3,200% increase 1,45

Number of megacities >2,000% increase 45,96,97

(>10m)

Surface reactive N, P Approximately doubled 45,96,97

Irrigated land area 300% increase 1

Steel production 1,400% increase 45

Synthetic plastics 20,000% increase 45

production

Indicator Scale of change Refs.
Climate evolution
Earth's energy Increase in absorbed solar 163
imbalance (EEI) radiation, including EEl increase
from ~0.5 W m™in 2000 to
1.24 W m2in 2025.
Greenland land ice Net-annual mass loss for every year 163,164
since 1998
Arctic seaice Current sea ice loss is =3.4% per 164
decade relative to the 1981-2010
average in September, and -2.6%
per decade in March
Drought area In 2018-2022 the areas in drought 165
have expanded by 74% on average
compared with 1981-2017
Marine heat waves Increased by 50% since the 1950s 166
Ocean heat content Ocean temperatures have risen 167
steadily since the 1950s
Antarctic sea ice Slight increasing trend for 168
1979-2018, record high coverage
(2013-2015), then record low
(2016-2022) coverage
Antarctic land ice Mass loss was the highest during 169
the 2020s
Relative humidity on land Annual frequency of record-low 170171
values has been increasing at a rate
of 25% per decade since the 1980s
Biological patterns
Wild animal population ~ Decline by >70% 56,172-174
Antimicrobial resistance  Emerged, and now pervasive 175
Northern lake Increase 1.5-3.6% per year as 176
oligotrophy tundra greens
Lake fish biogeography  Globally restructured by species 56
translocations
Kelp forests ~50% loss 177
Coral reef cover ~50% loss 178
Mangrove area ~50% loss 179
Sea grass meadow ~30% loss 180
Bivalve reefs ~85% loss since industrialization 181
Predatory marine fish ~90% loss since 1950, as marine 172
fish catch increased 4-fold
Motor vehicles for ~18,500% increase 96
human mobility
Human city dwellers 650% increase 96
Terrestrial flying insects  to 70%+ loss 173
Cattle population Doubled; humans and domestic 174
animals now ~98% terrestrial
mammal biomass
Human population 330% increase 1
Physico-chemical patterns
CO, emissions 690% increase 1,96,97
Atmospheric CO, 40% increase 1,96
Atmospheric CH, 167% increase 1,96
Black C emissions ~100% increase 45

Ongoing trends in climate evolution, biological patterns and physico-chemical patterns
since ~1950. Reported percentage changes are with reference to the year 1950, unless
otherwise stated. These trends diverge away from Holocene conditions.

rapid urbanization®. For geologists, it hasbecome a point of comparison
with, forexample, greenhouse gas-driven warmingin earlier intervals
of geological change®* and of past catastrophic biodiversity loss®*>%,

For policymakers, a clear understanding of when and how humans
changed the Earth from its Holocene baseline, and what that means
in environmental, social and political terms, is relevant to the future
of human societies'****, For citizens more widely, the Anthropocene
epoch canshape an understanding of the Earth system and of the con-
temporary fragilities of human societies, as a prerequisite to the socio-
economic transformations needed as response®®7°. Akey featureis the
Anthropocene’s inherent capacity to include and interrelate a wide
range of phenomena —indeed, anything thatis part of the Earth system,
which includes human populations and institutions as well as natural
components—and placeitinacontext of deep-time planetary evolution.

Anthropocene components of common public concern today
include climate and sea-level change, biodiversity loss, plastics pollu-
tion, the environmental and socialimpacts of accelerating technologi-
cal developments, and resulting economic and societal stresses. All are
usually considered individually in our siloed intellectual habits and
institutions, yet all are interrelated and part of Anthropocene change
and might be better understood through that prism.

The Anthropocene epoch, even in the absence of formal defi-
nition, already informs policymaking and policy-relevant studies
with respect to climate change and sea-level rise®**”", biodiversity
loss*7%%, pollution’?, human health” and related governance issues®’.
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Fig.2 | Anthropocene as part of the Quaternary. The context of the
Anthropocene within the geological timescale of the Quaternary Period
(thelast 2.58 million years). a, Formal chronostratigraphic subdivision of the
Quaternary Period into the Pleistocene (>99.5% of the Quaternary) and the
Holocene (<0.5%) series/epoch'®, b, Stable oxygen isotope records from ocean
floor cores, over the last 2.7 Ma. Glacial (troughs) and interglacial (peaks) cycles
are well constrained and formally numbered, with >100 glacial to interglacial
transitions, which form the primary time framework for the Quaternary.

¢, Glacial-interglacial fluctuations recorded by atmospheric CO, fluctuations
fromthe 800,000-year to 1976 ice-core record (data fromref. 184) and
1959-2023 instrumental record (data from the National Oceanic and Atmospheric

Administration (NOAA) Mauna Loa instrumental record). The most recent seven
glacial terminations are shown as examples. The last transition to interglacial
conditions ties with the onset of the Holocene'®. d, Atmospheric CO, fluctuations
over the last 28 ka, including ice-core data (28 ka to 1976, data subset of panel ¢)
and 1959-2023 instrumental record (data same as panel ¢). ‘0’ =1950 CE =0 cal BP
by convention of the radiocarbon dating community. CO, levels rapidly increase
at~1950, leaving the bounds of Holocene and Pleistocene interglacial conditions,
entering a distinct new condition within the proposed Anthropocene epoch. The
Anthropocene is extremely brief geologically (currently 0.6% of the Holocene).
Yet, the global nature and magnitude of the observed Earth system change and its
repercussions will be geologically long-lasting?.

Its evidence base, represented visually as graphs of environmental
trends ranging from plastics pollution to megacities to shrinking
glaciers™, enables deep-time comparisons that are accessible to dif-
ferent audiences, and conveys the scale of global change to a wider
public. By these means, it informs and gives agency to citizens and
policymakers.

Developmentsininternational law, particularly in response to the
effects of climate change including sea-levelrise, reflect anincreasing
responsiveness to Earth system changes. The Anthropoceneis emerg-
ing as policy-relevant context, even where not yet explicitly formalized
or declaratively recognized in legal terms. Since the 2010s, interna-
tional legal fora have begun to engage with this context. Notably, the
International Law Association established a Committee on Interna-
tional Law and Sea Level Risein 2012; the United Nations International
Law Commissioninitiated a Study Group on Sea-Level Risein2019; and
the International Court of Justice (ICJ) issued its Advisory Opinion on
Climate Change on 23 July 2025%. Through these efforts, new concepts
in international law are beginning to take shape in response to the
realities of Earth system change in the Anthropocene”.

Importantly, the 2025 ICJ Advisory Opinion on Climate Change
situates international law within the context of the Anthropocene
(although the term ‘Anthropocene’ is not explicitly mentioned). This
suggests that legal norms increasingly function as instruments for
governing Earth system change rather than merely mediating inter-
state relations. By framing climate change as an ‘existential problem
of planetary proportions™, the ICJ implicitly reflects the Anthropo-
cene’s imprint on international law, signalling the responsibilities
of states to protect Earth system integrity. Through the integration
of Intergovernmental Panel on Climate Change scientific thresholds
into legal reasoning, the Court acknowledged that law must adapt
to biophysical realities characteristic of a human-dominated epoch.
Moreover, its emphasis on intergenerational equity and planetary
health resonates with the Anthropocene’s core insight: that human
activity hasbecome a geological force requiring normative responses.
Finally, the IC)’s articulation of stringent due diligence and attribution
standards — even for private actors — marks a decisive move towards
systemic accountability, embedding legal responsibility within the
context of global ecological stability.

Two principles are central to this transformation: first, the objec-
tive of legal stability and certainty in the face of Earth system change;
and second, the imperative of responsibility for the Earth system and
its components. Together, these principles form the foundation for a
normative architecture of international law suited to the twenty-first
century and beyond.

Legal stability ensures continuity amid disruption. It is the princi-
ple that enables international law to remain coherent and functional

even as physical landscapes such as coastlines shift. In the context of
sea-level rise, this principle was first articulated through the Interna-
tional Law Association’s work’, further promoted by the International
Law Commission Study Group’”’® and has now been endorsed by most
states in United Nations debates'®’**°, Under this approach, maritime
zones and their boundaries, once established, retain their legal validity
evenifthe baselines from which they were drawn become submerged.
The core aim is to prevent conflict and ensure that environmental
change does notresultinlegal erasure.

Responsibility — including that for components of the Earth sys-
temsuchasthe planetary climate —addresses the ethical and systemic
dimensions of international law. It challenges the legacy of doctrines
such as mare liberum®, which historically emphasized freedom of
access and use, to counterbalance exploitative freedoms and advo-
cate for a shift toward stewardship®*>*>, This approach recognizes
that human influence now operates at a planetary scale. Responsibil-
ity, in this sense, is not only about preventing harm, but also about
maintaining the functional integrity of the Earth system as awhole.

These two principles are deeply interdependent. Together, they
offeraframework forinternational law thatis bothresilientand respon-
sive — capable of preserving legal order and guiding systemic trans-
formation. The overarching objective is to help societies navigate the
tensions between continuity and change, between sovereignty and
interdependence, and between rights and obligations towards the
planetitself.

Anthropocene in the humanities, education and arts
Inhistory —to take one among many examples of scholarly disciplines
engaging with the mid-twentieth century Anthropocene epoch — the
concept has occasioned three new categories of question.

First, the Anthropocene has become a contextual framework for
human history, enlarging the range of allied sciences used in historical
practice. With the Anthropocene, an understanding of the findings of
geologists and Earth system scientists became part of the historian’s
toolkit®. Theseinnovations frame the humanstory in relation to greatly
expanded lengths of time, and range of planetary process, bringing
it into closer alignment with the Earth sciences. In Big History, this
perspective extends even further back, to the Big Bang®. Considera-
tion of spatial scale is also critical as highly local phenomena are con-
sidered in relation to global trends®*®. Beyond modern allied sciences
and post-1950 temporal and spatial scales, the Anthropocene epoch
challenges the formal commitment of most historians to narrative
continuity, suggesting that the language of rupture® is apt to express
the transformation precipitated by the Great Acceleration.

The second set of questions has to do with how and why human
systems came to overwhelm the Earth system in the twentieth
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Fig.3| The Great Acceleration graphs. a, Indicators of trends in socio-economic
development. b, Earth system trends. In the Earth system trends, stabilization
or fallsin the trend commonly correlate to exhaustion of the resource, as with

marine fish stocks. Most of the parameters measured show a prominent upturn
around 1950 (dashed line). Decr., decrease; GDP, gross domestic product.
The dataextend to 2010 CE. Adapted with permission fromref. 34, Sage.

century®%8% The historical roots of the Great Acceleration are
deep, and include the first making of fire around 400 ka (ref. 94).
Then, as the Holocene unfolded, came the rise of agriculture
since 11 ka. The emergence of complex societies over 5,000 years
ago, the thirteenth-century spread of Asian empires, fifteenth-to-
seventeenth-century European colonialism, and the spread of indus-
trialization fromthe late eighteenth century: all contributed ultimately
to producing the powerful global networks of the mid-twentieth
century”. Seeking to understand the Great Acceleration, some his-
torians point to the abrupt twentieth-century advances in health,
medicine, technology, communications and international governance
that followed World War Il along with its aftermath of decolonization
and global economic growth?®”, Historical research also asks why
differentsocieties varied in their level of environmental exploitation,
and explores the values and outlooks, secular and religious, behind the
forces both creating the Anthropocene and resisting it”*”.

A third addition to the practice of history in light of the Anthro-
pocene epoch has been a series of new topics, with increased inter-
est in histories of the planetary spheres, including the emergent
technosphere®°°, whereby Earth system changes are experienced
atasocietal level and become historical. These histories could be of
the Earth’s crust'®'%%, ocean'*'%*, wetlands'®, the cryosphere’sice'*'”,
snow'® and tundra'®®, sand deserts"%"", carbon and decarboniza-
tion">', atmosphere and climate™, energy and the so far unstop-
pable growth of its use'”, as well as toxic materials"®"", including
many plastics®>”%, as likely contaminants over geological timescales
to come®. Histories of waste and the ever-mounting discards of human
civilization are also emerging that show the transformation from
regenerative societies to throw-away cultures™®",

Educationisanotherfieldinthe frontline. The education of today’s
students is taking place in a rapidly changing environment, the asso-
ciated environmental changes giving the prospect of fundamentally
altered — and diminished — planetary habitability. This is a novel situ-
ation compared with earlier times when social and political settings
changed, but not the fundamental boundary conditions for human
existence. The Anthropoceneisakey conceptin comprehensively con-
veying this unsettling phenomenon and exploring practical responses
and pathways®*7*?and is already a topic included onschool curricula
and formally examined'”. To be an educated citizen now entails an
understanding of the workings of the Earth as a system in terms of
interacting and interdependent subsystems. This perspective under-
pins appreciation of the workings of the Anthropocene, of related
concepts such as planetary boundaries, and of practical aspects of
the current human-Earth relationship, one beset by crises and chal-
lenges. Policy measures towards recognizing this conceptinclude the
creationofa UNESCO Chairin Learningand Teaching Futures Literacy
inthe Anthropocene.

The Anthropocene epoch assembles and integrates the various
transformations that affect, and threaten, human existence, which can
make academic knowledge less abstract to students. In practical
terms, the Anthropocene epoch concept helpsto clarify the nature of
contemporary dangers to the sustainability of human societies and
invites exploration of public policies and actions commensurate with
these stakes. A central question is what socio-economic and political

actions could help restabilize the Earth system and at what cost: amajor
challenge to convey within education.

The visual arts'**'>, but also music and other forms'**'¥, have
provided further perspectives on the Anthropocene'?. This permits
greater scope for emotional expression and responses, with the free-
dom for imaginative portrayals of concepts that are difficult for the
human mind to grasp and for scientists alone to convey. Such concepts
include our place in deep geological time'?’, and those phenomena
thatareinvisible as regards everyday human experience, including the
scale of modern mining and industrial agriculture expressed through
extraordinary landscape photographs®’, the internet’s global connec-
tions, the seafloor’s transformation by modern forms of exploitation,
asin ArminLinke’s ‘Prospecting Ocean’, or the interaction of biology
with consumer waste™?. Museums dedicated to the Anthropocene
include Rio de Janeiro’s Museu do Amanhd (Museum of Tomorrow)
and Berlin’s Futurium.

More generally, the Anthropocene epoch encourages the devel-
opment of new disciplinary combinations and closer cooperation
between disciplines. Investigations of the physical world can be linked
with questions of power and meaning associated with particular cul-
tures, so that a common language can emerge. From microscopic
geological markers®**"'* to massive use of reinforced concrete™®, from
technologicalinnovation'*, including artificial intelligence, to socially
just political systems'’, and from the poetry of environmental grief***
to the study of demographics™’, most disciplines have demonstrated
acapacity to develop questions and research methods while engaging
with an Anthropocene perspective.

Indeed, understanding the multiple reciprocal relationships
between human cognition and the Anthropocene is emerging as a
critical research frontier across the sciences and humanities*°. This
research theme includes work on how deep-time and planetary-scale
phenomena challenge the cognitive and perceptual capacities that
evolved for immediate, local threats, for example, the psychological
and affective dimensions of living with environmental loss, such as

eco-anxiety and solastalgia'*’.

The need for consistent definition
The Anthropocene epoch is unique and distinct from the preceding
Holocene'. The central reason for its clear, formalized definition s to
facilitate communication not only within the sciences, social sciences
and humanities but also across society and political, educational and
legal fora™. There is currently no alternative proposal available that
captures the concept that the Earth systemnolonger functions asit did
inthe Holocene™, withall the resultantimplications. Indeed, the environ-
mental stability of the Holocene constitutes the only Earth system state
knownto support the development of contemporary human societies*.
The Anthropocene represents a deviation from this state (Fig. 2).

Other, extended uses of the term Anthropocene that encompass
all substantial humanimpacts through time as judged subjectively®*'**
donotrepresent this distinction, cannot be defined in the chronostrati-
graphic terms of the Geological Time Scale, and do not so clearly
provoke broader societal engagement.

The Earthsystemreality and geological magnitude, trackability and
persistent nature ofthe Anthropocene hasbeen demonstrated>>264657144,
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suchasinthe Great Acceleration graphs (Fig. 3). The body of evidence
continues to grow as instrumental observation develops and human
witness continues, and as departure from Holocene conditions
becomes more geologically evident as new sites are analysed'*.

With regard to the potential formal resubmission to the Inter-
national Commission of Stratigraphy, there is the question of why
this term and concept is technically needed, and for whom. Within
Earth sciences, the formalization of a new GTS unit comes with an
institutional expectation to adopt this unit with its appropriate name
and precise definition. Such units are international geostandards,
facilitating unambiguous communication concerning the time interval
they represent.

Wearguethataclearly defined Anthropocene epoch canhelp com-
municationacross both scientific and societal domains. However, this
isnot to assume that formalizing a term by itselfimproves communica-
tionbeyond the Earthsciences and cognate fields. Rather, it isthe sta-
bilizing of aconcept that enables shared understanding, coordination
and comparison. Stabilizing reduces semantic ambiguity and provides
common reference points, even for concepts that remain contested and
interpreted differently in different contexts'¢™*%, The path, however,
from definition (conceptual clarity) to effective influence in other
domains or disciplines will vary, depending on institutional settings,
social values and other factors™**"°,

Applied to the Anthropocene, this implies that formalization
on the Geological Time Scale, while reflecting the evidence of Earth
system processes, will not necessarily trigger acceptance in all other
disciplines. Its potential value lies also in clarifying the core ESS and
geological meaning of the term, helping to distinguish that mean-
ing from broader metaphorical or normative usages, and thereby
supporting more effective interdisciplinary, legal, educational and
policy-relevant discussions. Framed in this way, defining the Anthropo-
ceneisbestunderstood as an effort to enhance conceptual coherence
and communicability in addressing accelerating planetary change™".

We argue that the core meaning of the Anthropocene — a depar-
ture from Earth system conditions typical of the Holocene — should
be maintained and stabilized, ideally by formalization as an epoch of
the GTS. Meanwhile, attempts to understand its diverse phenomena
continue, intandem with efforts to use thisunderstandingin practice to
help societies mitigate and/or adapt torapidly changing Anthropocene
conditions. Hence, the task lies not only in formalizing the Anthropo-
ceneepoch, butinstabilizing and building on this clear and internally
consistent concept, and extending its meaning into any sphere of life
where it could be found useful.

Summary and future perspectives
Thestudy and application of the Anthropocene epoch has grown enor-
mously since the term and concept were conceived in 2000 (ref. 9).
Subsequent formal analysis has provided extensive evidence that the
Anthropocene epoch, starting in 1952, possesses geological and ESS
reality as achronostratigraphic unit reflecting planetary changes driven
by the Great Acceleration®. A proposal submitted to the International
Commission of Stratigraphy in October 2023 to formalize the Anthro-
pocene epoch onthe GTS was rejected in March 2024, amid disagree-
ment over whether its brief duration (thus far) disqualified it from being
anew geological epoch”. Nevertheless, the Anthropocene continues
tobewidely used, anditistimely to consider what directionsits future
use and study could take.

In a society where scientific findings often have low priority in
policy and economic decisions, the Anthropocene’s combination of

wide disciplinary and deep-time perspectives will increasingly show
the likely realities facing future generations from growing, intercon-
nected Earth system perturbations. Let us assume that the policy aim
of net zero CO, (anthropogenic CO, emissions = anthropogenic CO,
removals) is achieved by 2050. That still projects to atmospheric CO,
approaching 500 ppm (and CO, equivalents towards ~650 ppm), the
loss of most polar seaice and coral reefs, amplified warming, increas-
ingly acidified and deoxygenated oceans, accelerating sea-level rise and
inundating coastlines®. At the same time, biospheric degradation from
other climate-related and anthropogenic causes will probably continue,
together with growing pollution impacts, continuing sociopolitical
challenges and the kind of regime shifts or tipping points** to which
stressed complex systems are prone. The Anthropocene epoch can pro-
vide aframework for synthesizing these consequential environmental
changes, and informing policies to minimize or mitigate them'?,

Continued trajectories of the Anthropocene Earthsystem threaten
humans, livestock, food plants, marine resources and economic, finan-
cial and social structures. As a concept the Anthropocene epoch is
therefore not just descriptive. Its diagnosis urges action, and places
focus onthe values and policies that can help resolve real-time issues.
Inmodern history, politics and policies have generally sought to maxi-
mize extraction of wealth from the Earth. To enable a manageable
future, humanity must now adapt by considering how its choices feed
back onto the bioclimatic conditions of existence. This adaptation
means continuing to rethink the way we construct our political rela-
tionship with the Earth system. Up to now, the biosphere has been
remarkably forgiving, buffering many human impacts by absorbing
excess heat, CO, emissions and pollution™>. However, as planetary
boundaries continue being exceeded, the risk increases that the bio-
sphere will shift from supporting humanity to working against it>***,
Acknowledgement of this ongoing planetary reality by formalizing the
Anthropocene epochwould help to shape future regulatory responses
and mitigation efforts.

Inclusion of the Anthropocene within the GTS hence remains an
ongoing aim, given the growing evidence base, and the increasing
departure of present conditions from Holocene baseline norms. Asthe
Anthropocene’s effects are felt ever more acutely, the need for this time
interval to be recognized, named and defined, and used consistently
ininterdisciplinary communication becomes greater.

Simultaneously, deeper understanding of the processesinvolved
during ongoing Earth system change during the Anthropocene will be
needed, including the societal contextin which these transformations
occur. Forexample, further tracking of the distributionand dynamics
of heat or acidification through the oceans and contaminants such as
plastics™*"* and persistent organic pollutants™® through sedimen-
tary and biological systems. Future priorities include setting further
constraints on the planetary boundaries framework, and on potential
tipping points*?, where Earth system feedbacks can amplify original
anthopogenic perturbations®, or render them potentially irrevers-
ible. The Great Acceleration, as a companion concept of the Anthro-
pocene, requires continual updating, to monitor key Earth system
and socio-economic trends to highlight the extent to which current
and future human actions are contributing to or mitigating existing
environmental perturbations.

Particularly challengingissues, needing deeply transdisciplinary
collaborations, explore the links between these planetary processes
and the human drivers, agents, norms and technological capabili-
ties that gave rise to them. These include the interacting dynamics of
economic networks, technological systems'’, including via concepts
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987100 nation-states and ecosystems’®, and

education® 7022158 ggvernance®®**'*° and international law systems
now ‘beyond the Holocene assumption’”, all needing to be navigated
through intensifying Anthropocene conditions.

Practical use of the Anthropocene canalsobe developed withregard
to effortstoimprove the lives of human and non-human communities.
The Anthropoceneisalready aframework concept for suchinternational
organizations as the Intergovernmental Panel on Climate Change”,
United Nations Development Programme'®, non-governmental organi-
zationsincluding the World Wildlife Fund'®"'*?, and in considering future
iterations in international law'***”>”°, Its potential use can be wider
still. The Anthropocene, for instance, is not yet overtly represented in
the United Nations Sustainable Development Goals. Yet, the growing
realities of the Anthropocene increasingly suggest that aspirations
for sustainability and developmentinclude all efforts that will help the
Earth system return (as close as possible) to the stable conditions that
characterized the Holocene. Earth system stability is the foundation
uponwhich society and the economy depend onto thrive.

As a distinct chapter in Earth history beginning in the 1950s,
the Anthropocene epoch is already characterized by demonstrable
changesin Earth system dynamics that will continue to shape societal
and political dynamics. Engaging with the reality of the Anthropoceneis
inevitable. The nature of that engagement — including the recognition
of a precise, evidence-based definition — will determine the utility of
the Anthropocene to science, scholarship and policy.

such as the technosphere

Published online: 8 September 2026
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