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In terms of stratigraphy, the appearance of New World plant species
in Old World sediments—and vice versa—may provide a common marker
of the Anthropocene across many deposits because pollen is often well
preserved in marine and lake sediments. For example, pollen of New
World native Zea mays (maize/corn), which preserves very well41, first
appears in a European marine sediment core in 160065. The European
Pollen Database lists a further 70 lake and marine sediment cores con-
taining Zea mays after this date. Phytoliths can similarly record such
range expansions66. Specifically, the transcontinental range extension
of at least one Old World species into the New World (banana, as phy-
toliths in Central and tropical South America sediments) and a second
species from the New World expanding into the Old World (maize/corn,
as pollen preserved in sediments in Eurasia and Africa) together consti-
tute a unique signature in the stratigraphic record. This transcontinental
range expansion—stratigraphically marking before and after an event—
is comparable to the use of the appearance of new species as boundary
markers in other epoch transitions49,67.

Besides permanently and dramatically altering the diet of almost all of
humanity, the arrival of Europeans in the Americas also led to a large
decline in human numbers. Regional population estimates sum to a total
of 54 million people in the Americas in 149268, with recent population
modelling estimates of 61 million people58. Numbers rapidly declined to
a minimum of about 6 million people by 1650 via exposure to diseases
carried by Europeans, plus war, enslavement and famine58,63,68,69. The accom-
panying near-cessation of farming and reduction in fire use resulted in
the regeneration of over 50 million hectares of forest, woody savanna
and grassland with a carbon uptake by vegetation and soils estimated
at 5–40 Pg within around 100 years58,70–72. The approximate magnitude
and timing of carbon sequestration suggest that this event significantly
contributed to the observed decline in atmospheric CO2 of 7–10 p.p.m.
(1 p.p.m. CO2 5 2.1 Pg of carbon) between 1570 and 1620 documented in
two high-resolution Antarctic ice core records73–76 (Fig. 2 and Box 2). This
dip in atmospheric CO2 is the most prominent feature, in terms of both
rate of change and magnitude, in pre-industrial atmospheric CO2 records
over the past 2,000 years75 (Fig. 2).

On the basis of the movement of species, atmospheric CO2 decline
and the resulting climate-related changes within various stratigraphic
records, we propose that the 7–10 p.p.m. dip in atmospheric CO2 to a

low point of 271.8 p.p.m. at 285.2 m depth of the Law Dome ice core75,
dated 1610 (615 yr; refs 75, 76), is an appropriate GSSP marker (Fig. 2).
Auxiliary stratotypes could include: the first occurrence of a cross-ocean
range extension in the fossil record (Zea mays, in 160065) plus a range of
deposits showing distinct changes at that time, including tephra77,78 and
other signatures from the 1600 Huaynaputina eruption detected at both
poles and in the tropics77–79; charcoal reductions in deposits in the
Americas71 and globally80; decreases in atmospheric methane, enrich-
ment of methane d13C, and decreases in carbon monoxide in Antarctic
ice cores60,81–84; pollen in lacustrine sediments showing vegetation regen-
eration85; proxies indicating anomalous Arctic sea-ice extent86; changing
d18O derived from speleothems from caves in China and Peru14 and other
studies noting changes coincident with 1600 and the coolest part of the
Little Ice Age (1594–1677; ref. 87), a relatively synchronous global event
noted in geologic deposits worldwide87.

The impacts of the meeting of Old and New World human populations—
including the geologically unprecedented homogenization of Earth’s
biota63,64—may serve to mark the beginning of the Anthropocene. Although
it represents a major event in world history62–64,88, the collision of the Old
and New Worlds has not been proposed previously, to our knowledge,
as a possible GSSP. We suggest naming the dip in atmospheric CO2 the
‘Orbis spike’ and the suite of changes marking 1610 as the beginning
of the Anthropocene the ‘Orbis hypothesis’, from the Latin for world,
because post-1492 humans on the two hemispheres were connected, trade
became global, and some prominent social scientists refer to this time as
the beginning of the modern ‘world-system’89.

Industrialization
The beginning of the Industrial Revolution has often been suggested as
the beginning of the Anthropocene, because accelerating fossil fuel use
and coupled rapid societal changes herald something important and
unique in human history1–4,39. Yet humans have long been engaging in
industrial-type production, such as metal utilization from around 8,000 yr BP

onwards, with attendant pollution90. Elevated mercury records are docu-
mented at around 3,400 yr BP in the Peruvian Andes91, while the impacts
of Roman Empire copper smelting are detectable in a Greenland ice core at
around 2,000 yr BP92. This metal pollution, like other examples predating the
Industrial Revolution, is too local and diachronous to provide a golden spike.

Table 1 | Potential start dates for a formal Anthropocene Epoch
Event Date Geographical extent Primary stratigraphic marker Potential GSSP date* Potential auxiliary stratotypes

Megafauna extinction 50,000–10,000 yr BP Near-global Fossil megafauna None, diachronous
over ,40,000 yr

Charcoal in lacustrine deposits

Origin of farming ,11,000 yr BP Southwest Asia,
becoming global

Fossil pollen or
phytoliths

None, diachronous
over ,5,000 yr

Fossil crop pollen, phytoliths,
charcoal

Extensive farming ,8,000 yr BP to present Eurasian event,
global impact

CO2 inflection in
glacier ice

None, inflection too
diffuse

Fossil crop pollen, phytoliths,
charcoal, ceramic minerals

Rice production 6,500 yr BP to present Southeast Asian
event, global impact

CH4 inflection
in glacier ice

5,020 yr BP CH4

minima
Stone axes, fossil domesticated
ruminant remains

Anthropogenic soils ,3,000–500 yr BP Local event, local
impact, but widespread

Dark high organic
matter soil

None, diachronous,
not well preserved

Fossil crop pollen

New–Old World
collision

1492–1800 Eurasian–Americas
event, global impact

Low point of CO2

in glacier ice
1610 CO2 minima Fossil pollen, phytoliths, charcoal,

CH4, speleothem d18O, tephra{

Industrial Revolution 1760 to present Northwest Europe
event, local impact,
becoming global

Fly ash from coal
burning

,1900 (ref. 94);
diachronous over
,200 yr

14N:15N ratio and diatom
composition in lake sediments

Nuclear weapon
detonation

1945 to present Local events,
global impact

Radionuclides (14C)
in tree-rings

1964 14C peak1 240Pu: 239Pu ratio, compounds
from cement, plastic, lead and
other metals

Persistent industrial
chemicals

,1950 to present Local events,
global impact

For example, SF6 peak
in glacier ice

Peaks often very
recent so difficult
to accurately date1

Compounds from cement, plastic,
lead and other metals

For compliance with a Global Stratotype Section and Point (GSSP) definition, a clearly dated global marker is required, backed by correlated auxiliary markers that collectively indicate global and other widespread
and long-term changes to the Earth system. BP, before present, where present is defined as calendar date 1950.
*Requires a specific date for a GSSP primary marker. {From Huaynaputina eruption in 1600 (refs 78, 79).
1 Peak, rather than earliest date of detection selected, because earliest dates reflect available detection technology, are more likely influenced by natural background geochemical levels101, and will be more
affected by the future decay of the signal, than peak values.
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Defining the Anthropocene
Simon L. Lewis1,2 & Mark A. Maslin1

Time is divided by geologists according to marked shifts in Earth’s state. Recent global environmental changes suggest
that Earth may have entered a new human-dominated geological epoch, the Anthropocene. Here we review the historical
genesis of the idea and assess anthropogenic signatures in the geological record against the formal requirements for the
recognition of a new epoch. The evidence suggests that of the various proposed dates two do appear to conform to the
criteria to mark the beginning of the Anthropocene: 1610 and 1964. The formal establishment of an Anthropocene Epoch
would mark a fundamental change in the relationship between humans and the Earth system.

H uman activity has been a geologically recent, yet profound,
influence on the global environment. The magnitude, variety
and longevity of human-induced changes, including land sur-

face transformation and changing the composition of the atmosphere,
has led to the suggestion that we should refer to the present, not as within
the Holocene Epoch (as it is currently formally referred to), but instead
as within the Anthropocene Epoch1–4 (Fig. 1). Academic and popular
usage of the term has rapidly escalated5,6 following two influential papers
published just over a decade ago1,2. Three scientific journals focusing on
the topic have launched: The Anthropocene, The Anthropocene Review
and Elementa. The case for a new epoch appears reasonable: what matters
when dividing geological-scale time is global-scale changes to Earth’s status,
driven by causes as varied as meteor strikes, the movement of continents
and sustained volcanic eruptions. Human activity is now global and is the
dominant cause of most contemporary environmental change. The impacts
of human activity will probably be observable in the geological stratigraphic
record for millions of years into the future7, which suggests that a new
epoch has begun4.

Nevertheless, some question the types of evidence8,9, because to define
a geological time unit, formal criteria must be met10,11. Global-scale changes
must be recorded in geological stratigraphic material, such as rock, glacier
ice or marine sediments (see Box 1). At present, there is no formal agreement

on when the Anthropocene began, with proposed dates ranging from
before the end of the last glaciation to the 1960s. Such different meanings
may lead to misunderstandings and confusion across several disciplines.
Furthermore, unlike other geological time unit designations, definitions
will probably have effects beyond geology. For example, defining an early
start date may, in political terms, ‘normalize’ global environmental change.
Meanwhile, agreeing a later start date related to the Industrial Revolution
may, for example, be used to assign historical responsibility for carbon
dioxide emissions to particular countries or regions during the industrial
era. More broadly, the formal definition of the Anthropocene makes
scientists arbiters, to an extent, of the human–environment relationship,
itself an act with consequences beyond geology. Hence, there is more
interest in the Anthropocene than other epoch definitions. Nevertheless,
evidence will define whether the geological community formally ratifies
a human-activity-induced geological time unit.

We therefore review human geology in four parts. First, we summar-
ize the geologically important human-induced environmental impacts.
Second, we review the history of naming the epoch that modern human
societies live within, to provide insights into contemporary Anthropocene-
related debates. Third, we assess environmental changes caused by human
activity that may have left global geological markers consistent with the
formal criteria that define geological epochs. Fourth, we highlight the

1Department of Geography, University College London, Gower Street, London, WC1E 6BT, UK. 2School of Geography, University of Leeds, Leeds, LS2 9JT, UK.

C
en

oz
oi

c 
Er

a

C
en

oz
oi

c 
Er

a

N
eo

ge
ne

 P
er

io
d

M
io

ce
ne

 E
po

ch

Holocene Epoch

Holocene
Epoch Holocenian

Stage

Anthropocene
Epoch

Anthropocene
Epoch

0

0.0117

0.126

0.781

1.806

2.588

0

0.0117

?

0.126

0.781

1.806

2.588

0

0.0117

?

0.126

0.781

1.806

2.588

3.600

5.333

23.03

20.40

15.97

13.82

11.63

7.25

P
lio

ce
ne

Ep
oc

h
P

le
is

to
ce

ne
Ep

oc
h

P
le

is
to

ce
ne

 E
po

ch

P
le

is
to

ce
ne

 E
po

ch

Lo
w

er
M

idd
le

Tarantian
Stage

Tarantian
Stage

Ionian
Stage

Ionian
Stage

Calabrian
Stage

Calabrian
Stage

Gelasian
Stage

Gelasian
Stage

Tarantian
Stage

Ionian
Stage

Calabrian
Stage

Gelasian
Stage

Piacenzian
Stage

Zanclean
Stage

Up
pe

r

Lo
w

er
M

id
dl

e

Lo
w

er
M

id
dl

e

U
pp

er U
pp

er

Q
ua

te
rn

ar
y 

P
er

io
d

Q
ua

te
rn

ar
y 

P
er

io
d

C
en

oz
oi

c 
Er

a

Q
ua

te
rn

ar
y 

P
er

io
d

a  Geologic Time Scale 2012 b  Option 1 c  Option 2

Tortonian
Stage

Langhian
Stage

Burdigalian
Stage

Aquitanian
Stage

Messinian
Stage

Serravallian
Stage

Figure 1 | Comparison of the
current Geologic Time Scale10

(GTS2012), with two alternatives.
a, GTS2012, with boundaries marked
in millions of years (ref. 10). b, c, The
alternatives include a defined
Anthropocene Epoch following
either the Holocene (b) or directly
following the Pleistocene (c).
Defining the Anthropocene as an
epoch requires a decision as to
whether the Holocene is as distinct as
the Anthropocene and Pleistocene;
retaining it or not distinguishes
between b and c. The question mark
represents the current debate over
the start of the Anthropocene,
assuming it is formally accepted as an
epoch (see Box 1, Fig. 2). Colour
coding is used according to the
Commission for the Geological Map
of the World10, except for the
Anthropocene.
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In terms of stratigraphy, the appearance of New World plant species
in Old World sediments—and vice versa—may provide a common marker
of the Anthropocene across many deposits because pollen is often well
preserved in marine and lake sediments. For example, pollen of New
World native Zea mays (maize/corn), which preserves very well41, first
appears in a European marine sediment core in 160065. The European
Pollen Database lists a further 70 lake and marine sediment cores con-
taining Zea mays after this date. Phytoliths can similarly record such
range expansions66. Specifically, the transcontinental range extension
of at least one Old World species into the New World (banana, as phy-
toliths in Central and tropical South America sediments) and a second
species from the New World expanding into the Old World (maize/corn,
as pollen preserved in sediments in Eurasia and Africa) together consti-
tute a unique signature in the stratigraphic record. This transcontinental
range expansion—stratigraphically marking before and after an event—
is comparable to the use of the appearance of new species as boundary
markers in other epoch transitions49,67.

Besides permanently and dramatically altering the diet of almost all of
humanity, the arrival of Europeans in the Americas also led to a large
decline in human numbers. Regional population estimates sum to a total
of 54 million people in the Americas in 149268, with recent population
modelling estimates of 61 million people58. Numbers rapidly declined to
a minimum of about 6 million people by 1650 via exposure to diseases
carried by Europeans, plus war, enslavement and famine58,63,68,69. The accom-
panying near-cessation of farming and reduction in fire use resulted in
the regeneration of over 50 million hectares of forest, woody savanna
and grassland with a carbon uptake by vegetation and soils estimated
at 5–40 Pg within around 100 years58,70–72. The approximate magnitude
and timing of carbon sequestration suggest that this event significantly
contributed to the observed decline in atmospheric CO2 of 7–10 p.p.m.
(1 p.p.m. CO2 5 2.1 Pg of carbon) between 1570 and 1620 documented in
two high-resolution Antarctic ice core records73–76 (Fig. 2 and Box 2). This
dip in atmospheric CO2 is the most prominent feature, in terms of both
rate of change and magnitude, in pre-industrial atmospheric CO2 records
over the past 2,000 years75 (Fig. 2).

On the basis of the movement of species, atmospheric CO2 decline
and the resulting climate-related changes within various stratigraphic
records, we propose that the 7–10 p.p.m. dip in atmospheric CO2 to a

low point of 271.8 p.p.m. at 285.2 m depth of the Law Dome ice core75,
dated 1610 (615 yr; refs 75, 76), is an appropriate GSSP marker (Fig. 2).
Auxiliary stratotypes could include: the first occurrence of a cross-ocean
range extension in the fossil record (Zea mays, in 160065) plus a range of
deposits showing distinct changes at that time, including tephra77,78 and
other signatures from the 1600 Huaynaputina eruption detected at both
poles and in the tropics77–79; charcoal reductions in deposits in the
Americas71 and globally80; decreases in atmospheric methane, enrich-
ment of methane d13C, and decreases in carbon monoxide in Antarctic
ice cores60,81–84; pollen in lacustrine sediments showing vegetation regen-
eration85; proxies indicating anomalous Arctic sea-ice extent86; changing
d18O derived from speleothems from caves in China and Peru14 and other
studies noting changes coincident with 1600 and the coolest part of the
Little Ice Age (1594–1677; ref. 87), a relatively synchronous global event
noted in geologic deposits worldwide87.

The impacts of the meeting of Old and New World human populations—
including the geologically unprecedented homogenization of Earth’s
biota63,64—may serve to mark the beginning of the Anthropocene. Although
it represents a major event in world history62–64,88, the collision of the Old
and New Worlds has not been proposed previously, to our knowledge,
as a possible GSSP. We suggest naming the dip in atmospheric CO2 the
‘Orbis spike’ and the suite of changes marking 1610 as the beginning
of the Anthropocene the ‘Orbis hypothesis’, from the Latin for world,
because post-1492 humans on the two hemispheres were connected, trade
became global, and some prominent social scientists refer to this time as
the beginning of the modern ‘world-system’89.

Industrialization
The beginning of the Industrial Revolution has often been suggested as
the beginning of the Anthropocene, because accelerating fossil fuel use
and coupled rapid societal changes herald something important and
unique in human history1–4,39. Yet humans have long been engaging in
industrial-type production, such as metal utilization from around 8,000 yr BP

onwards, with attendant pollution90. Elevated mercury records are docu-
mented at around 3,400 yr BP in the Peruvian Andes91, while the impacts
of Roman Empire copper smelting are detectable in a Greenland ice core at
around 2,000 yr BP92. This metal pollution, like other examples predating the
Industrial Revolution, is too local and diachronous to provide a golden spike.

Table 1 | Potential start dates for a formal Anthropocene Epoch
Event Date Geographical extent Primary stratigraphic marker Potential GSSP date* Potential auxiliary stratotypes

Megafauna extinction 50,000–10,000 yr BP Near-global Fossil megafauna None, diachronous
over ,40,000 yr

Charcoal in lacustrine deposits

Origin of farming ,11,000 yr BP Southwest Asia,
becoming global

Fossil pollen or
phytoliths

None, diachronous
over ,5,000 yr

Fossil crop pollen, phytoliths,
charcoal

Extensive farming ,8,000 yr BP to present Eurasian event,
global impact

CO2 inflection in
glacier ice

None, inflection too
diffuse

Fossil crop pollen, phytoliths,
charcoal, ceramic minerals

Rice production 6,500 yr BP to present Southeast Asian
event, global impact

CH4 inflection
in glacier ice

5,020 yr BP CH4

minima
Stone axes, fossil domesticated
ruminant remains

Anthropogenic soils ,3,000–500 yr BP Local event, local
impact, but widespread

Dark high organic
matter soil

None, diachronous,
not well preserved

Fossil crop pollen

New–Old World
collision

1492–1800 Eurasian–Americas
event, global impact

Low point of CO2

in glacier ice
1610 CO2 minima Fossil pollen, phytoliths, charcoal,

CH4, speleothem d18O, tephra{

Industrial Revolution 1760 to present Northwest Europe
event, local impact,
becoming global

Fly ash from coal
burning

,1900 (ref. 94);
diachronous over
,200 yr

14N:15N ratio and diatom
composition in lake sediments

Nuclear weapon
detonation

1945 to present Local events,
global impact

Radionuclides (14C)
in tree-rings

1964 14C peak1 240Pu: 239Pu ratio, compounds
from cement, plastic, lead and
other metals

Persistent industrial
chemicals

,1950 to present Local events,
global impact

For example, SF6 peak
in glacier ice

Peaks often very
recent so difficult
to accurately date1

Compounds from cement, plastic,
lead and other metals

For compliance with a Global Stratotype Section and Point (GSSP) definition, a clearly dated global marker is required, backed by correlated auxiliary markers that collectively indicate global and other widespread
and long-term changes to the Earth system. BP, before present, where present is defined as calendar date 1950.
*Requires a specific date for a GSSP primary marker. {From Huaynaputina eruption in 1600 (refs 78, 79).
1 Peak, rather than earliest date of detection selected, because earliest dates reflect available detection technology, are more likely influenced by natural background geochemical levels101, and will be more
affected by the future decay of the signal, than peak values.
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4 The Anthropocene Review 

Figure 1. Trends from 1750 to 2010 in globally aggregated indicators for socio-economic development. 
(1) Global population data according to the HYDE (History Database of the Global Environment, 2013) 
database. Data before 1950 are modelled. Data are plotted as decadal points. (2) Global real GDP (Gross 
Domestic Product) in year 2010 US dollars. Data are a combination of Maddison for the years 1750 to 
2003 and Shane for 1969–2010. Overlapping years from Shane data are used to adjust Maddison data 
to 2010 US dollars. (3) Global foreign direct investment in current (accessed 2013) US dollars based on 
two data sets: IMF (International Monetary Fund) from 1948 to 1969 and UNCTAD (United Nations 
Conference on Trade and Development) from 1970 to 2010. (4) Global urban population data according 
to the HYDE database. Data before 1950 are modelled. Data are plotted as decadal points. (5) World 
primary energy use. 1850 to present based on Grubler et al. (2012), 1750–1849 data are based on global 
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Steffen et al. 7

Figure 3. Trends from 1750 to 2010 in indicators for the structure and functioning of the Earth System. 
(1) Carbon dioxide from firn and ice core records (Law Dome, Antarctica) and Cape Grim, Australia 
(deseasonalised flask and instrumental records); spline fit. (2) Nitrous oxide from firn and ice core records 
(Law Dome, Antarctica) and Cape Grim, Australia (deseasonalised flask and instrumental records); 
spline fit. (3) Methane from firn and ice core records (Law Dome, Antarctica) and Cape Grim, Australia 
(deseasonalised flask and instrumental records); spline fit. (4) Maximum percentage total column ozone 
decline (2-year moving average) over Halley, Antarctica during October, using 305 DU, the average 
October total column ozone for the first decade of measurements, as a baseline. (5) Global surface 
temperature anomaly (HadCRUT4: combined land and ocean observations, relative to 1961–1990, 20 
yr Gaussian smoothed). (6) Ocean acidification expressed as global mean surface ocean hydrogen ion 
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The Anthropocene Learning Lab

Education for Sustainable  
Development

Our society has committed itself to the goals of social ju-

stice and humane living conditions. Its culture is charac-

terised by diverse lifestyles and worldviews, globalisation 

processes, research and technology, various forms of de-

mocratic politics and economic adjustments. The interacti-

on between these orientations, forces and discoveries has 

brought about progress at a number of levels. For example, 

expanding scientific knowledge has repeatedly brought new 
achievements in medicine, in goods production, in energy 

sources, data processing and communications. Economic 

progress enables needs to be satisfied by products and ser-
vices. 

Often, however, modern lifestyles, social relations, econo-

mic activities and approaches towards nature, its resour-

ces and its resilience are not yet sufficiently sustainable. 
Education for sustainable development (ESD) enables the 

individual to participate actively in analysing and assessing 

non-sustainable development processes, to follow criteria of 

sustainability in their own life, and to initiate sustainable de-

velopment processes together with others at both local and 

global levels. This makes education for sustainable develop-

ment a significant component of general education. 

Competence Areas of ESD 

By the time they complete secondary education, pupils 

should possess competencies in dealing with problems and 

processes of sustainable and non-sustainable development. 

Competencies are to be understood as cognitive skills and 
abilities which the individual possesses or can learn, allo-

wing them to solve certain problems, as well as the atten-

dant motivational, volitional and social skills and abilities 
required to be able to apply these solutions successfully and 

responsibly in a range of situations. 

ESD particularly serves the acquisition of Gestaltungs-

kompetenz (‘shaping competence’). Gestaltungskompetenz 
describes the ability to apply knowledge of sustainable de-

velopment and to identify the problems of non-sustainable 

development. This means drawing conclusions on environ-

mental, economic and social developments in their interde-

pendence, on the basis of analyses of the present and stu-

dies of the future, and then using these conclusions to take 
decisions and understand them before implementing them 

individually, jointly and politically. Through this process, 

sustainable development processes take material form. 

Gestaltungskompetenz can be broken down into twelve 
part-competencies. As a reference framework for the cha-

racterization of Gestaltungskompetenz, the OECD’s con-

cept of ‘key competencies’ has been selected, as it is inter-
national in scope and also of great importance for education 

policy and planning.

OECD (2005)
Gestaltungskompetenz and the 
twelve part-competencies  
(Transfer-21 2008)

Interactive use of media and methods (tools)

• ability to use langu-
age, symbols and 
text interactively

• ability to use 
knowledge and 
information interac-
tively

• ability to use tech-
nologies interac-
tively

• gather knowledge with an openness 
to the world and integrating new per-
spectives

• think and act in a forward-looking 
manner

• acquire knowledge and act in an inter-
disciplinary manner

Interacting in social heterogeneous groups

• ability to maintain 
good and durable 
relationships with 
others

• ability to cooperate
• ability to overcome 

and resolve prob-
lems

• ability to identify and reflect on risks, 
threads and uncertainties

• ability to plan and act together with 
others

• ability to reflect on action strategies 
and goal conflicts

• ability to be part of decision making 
processes

• ability to motivate oneself and others 
to get active

Acting autonomously

• ability to act within 
the wider context

• ability to form and 
implement a life 
plan and personal 
projects

• awareness of 
rights, interests, 
boundaries and 
requirements

• ability to reflect upon one‘s own princi-
ples and those of others

• ability to reflect on questions about 
equity and use it for decision making

• ability to plan and act autonomously
• ability to show empathy and solidarity 

with disadvantaged

The information about Gestaltungskompetenz is taken 
from the brochure „Guide: Education for Sustainable 

Development at Secondary Level – Justifications, 
Competences, Learning Opportunities“ compiled by 

the Transfer-21 Programme’s ‘Quality and Competen-

ces’ working group . For further information please 
visit www.transfer-21.de.
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The effect of implementation of education for sustainable
development in Swedish compulsory schools – assessing pupils’
sustainability consciousness
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During the past decade, numerous schools in Sweden have implemented educa-
tion for sustainable development (ESD) as an explicit guiding approach in teach-
ing. In this paper, we investigate the effect of this approach in comparison with
that of pupils taught in ordinary schools. Accordingly, we introduce the concept
of sustainability consciousness to represent the holistic view of sustainability.
Within the concept of sustainability consciousness, we combine and investigate
the environmental, economic, and social dimensions of sustainable development
in terms of sustainability knowingness, attitudes, and behavior. A Likert-scale
questionnaire with 50 items was developed to evaluate pupils’sustainability con-
sciousness through a nationwide study in Sweden. A total of 1773 pupils from
the 6th and 9th grades participated. The results indicated that the ESD profile
schools had a small positive effect on the pupils’ sustainability consciousness,
while in grade 9 the effect was negative. The implications for further ESD
implementation are discussed.

Keywords: compulsory school; education for sustainable development; pupils’
perceptions; sustainability attitudes; sustainability behavior; sustainability
consciousness

Introduction
This article presents information about pupils’consciousness of sustainable develop-
ment (SD) obtained through a nationwide study within the Swedish compulsory
school system. The complexity of SD, with its different dimensions (environmental,
economic, and social), and the importance of perceiving the interconnectivity
between these dimensions make SD a difficult subject area to grasp (Giddings,
Hopwood, and O’Brien 2002). Researchers as well as policy-makers have
highlighted the importance of a specific approach in teaching called Education for
Sustainable Development (ESD), allowing educators to tackle the complexity of SD
in education (Sandell et al. 2005; Wals 2011). The UN designated the period
2005–2014 as the Decade of Education for Sustainable Development (DESD),
(UNESCO 2006), and this has influenced the Swedish compulsory school
curriculum (Swedish National Agency for Education 2011).
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Eco-school programs 
do not impact students' 
attitudes and routines.
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Der Teilaspekt „Klimawandel (verhindern)“ hat zudem 
an Bedeutung gewonnen, auch dieser wird insbeson-
dere in den jungen Milieus überdurchschnittlich häufig 
genannt (sieben Prozent im Vergleich zu vier Prozent 
der Gesamtstichprobe). 

Auf den Umwelt- und Klimaschutz folgt mit 17 Prozent 
das Thema „Soziale Sicherung und soziale Gerechtig-
keit“ als weitere wichtige, aktuelle Herausforderung. 
Dahinter rangieren mit ebenfalls noch zweistelligen 
Prozentwerten die Themen „Vertrauensverlust in 
Politik beziehungsweise Unzufriedenheit mit Politik“ 
(15 Prozent), „Wirtschaftliche Lage, Wirtschafts- und 
Finanzpolitik“ (elf Prozent) und „Renten(politik)“ 
(zehn Prozent). Zum Zeitpunkt der Erhebung stellten  
„Arbeitsmarkt(politik)“, „Bildung(spolitik)“ und 
„Gesundheitsversorgung/Gesundheitspolitik“ nur für 
wenige Befragte ein wichtiges politisches Problem dar. 

Neue politische Herausforderungen, neue  
Themen, neue Prioritäten 
Vergleicht man diese Ergebnisse mit früheren Umwelt-
bewusstseinsstudien, so zeigt sich vor allem, dass sich 
die Prioritäten in der Problemwahrnehmung deutlich 
verschoben haben: 

• „Zuwanderung, Migration“ erhöhte sich von 18 Pro-
zent im Jahr 2014 auf 55 Prozent im Jahr 2016. 

• „Kriminalität, Frieden, Sicherheit“ stieg von 20 Pro-
zent im Jahr 2014 auf 47 Prozent im Jahr 2016. 

• „Umwelt- und Klimaschutz“ erhöhte sich ebenfalls 
(leicht), und zwar von 19 Prozent im Jahr 2014 auf 
21 Prozent im Jahr 2016.1 

• Auch bei „Vertrauensverlust in Politik beziehungs-
weise Unzufriedenheit mit Politik“ ist ein Zuwachs 
um drei Prozentpunkte auf nunmehr 15 Prozent zu 
verzeichnen. 

• Alle anderen Problembereiche sanken in der Bedeu-
tungswahrnehmung der Befragten. 
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Abbildung 1: Aktuell wichtigste Probleme – offene Frage 

Frage: Was, glauben Sie, sind die wichtigsten Probleme, denen sich unser Land heute gegenübersieht?  
Bitte tragen Sie hier die zwei aus Ihrer Sicht wichtigsten Probleme ein. (Offene Frage, maximal zwei Nennungen möglich) 

N=2.026, Onlinebefragung, 1. Befragungswelle, Stichprobe ab 14 Jahren, Nennungen ohne „Entwicklung städtischer und ländlicher 
Räume“, „Sonstiges“, „weiß nicht“ und „keine Angabe“ 
(Angaben in Prozent)

 

1 Eine Veränderung, die allerdings bei der gegebenen Stichprobengröße im Rahmen von normalen statistischen Schwankungsbreiten liegt 

und daher nicht überinterpretiert werden sollte. Im Folgenden wird die Bedeutung dieser Thematik daher als „konstant“ eingeschätzt. 
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zwei Jahren sind vollends davon überzeugt, die Natur 
dürfe nur so genutzt werden, dass dies auch für 
kommende Generationen im gleichen Umfang 
möglich ist (2013: 57 Prozent, 2015: 62 Prozent), die 
Vielfalt der Pflanzen und Tiere sowie ihrer Lebensräu-
me auf Dauer gesichert ist (2013: 55 Prozent, 2015:  
62 Prozent) und Eigenart wie Schönheit von Natur 
und Landschaft erhalten bleiben (2013: 52 Prozent, 
2015: 58 Prozent). Auch die Meinung, die Natur dürfe 
nicht auf Kosten der Menschen in ärmeren Staaten 
ausgebeutet werden, hat sich bei vielen Bürgerinnen 
und Bürgern binnen zwei Jahren verfestigt (2013:  
49 Prozent, 2015: 56 Prozent).

Im Vergleich zum Durchschnitt der Befragten ist das 
Bewusstsein für nachhaltige Naturnutzung bei der 
jüngeren Generation (unter 30-Jährige) schwächer 
ausgeprägt. Gleiches – aber weniger deutlich – gilt 
für Personen mit einem formal niedrigen Bil-
dungsniveau. Überraschenderweise ist die unein-
geschränkte Zustimmung zu den Prinzipien einer 
nachhaltigen Naturnutzung bei Personen mit einer 
mittleren Formalbildung am weitesten verbreitet. 
Der Geschlechtervergleich deckt auf, dass diese Prin-
zipien bei Frauen zudem eine größere Zustimmung 
erfahren als bei Männern (siehe Tabelle 22).

Abbildung 30: Zustimmung zu den Prinzipien einer nachhaltigen Naturnutzung

Angaben in Prozent

Die Natur darf nur so genutzt werden, dass
die Vielfalt der Pflanzen und Tiere sowie ihrer

Lebensräume auf Dauer gesichert ist

Wir dürfen die Natur nur so nutzen, dass dies
auch für kommende Generationen im

gleichen Umfang möglich ist

Wir dürfen die Natur nicht auf Kosten der
Menschen in ärmeren Ländern ausbeuten

Die Natur darf nur so genutzt werden, dass Eigenart und
Schönheit von Natur und Landschaft erhalten bleiben

trifft überhaupt nicht zutrifft eher zu

trifft voll und ganz zu trifft eher nicht zu weiß nicht/keine Angabe
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bekunden das knapp zwei Drittel und damit deutlich 
weniger. In der Detailanalyse fällt auf, dass neben den 
Prekären und Hedonisten auch die Performer weni-
ger Besorgnis hinsichtlich der Menschen in ärmeren 
Teilen der Welt äußern (höchste Zustimmungsstufe, 
Bevölkerungsdurchschnitt: 56 Prozent, Prekäre: 49 
Prozent, Hedonisten: 44 Prozent, Performer: 44 Prozent).

Tabelle 22:  Zustimmung zu den Prinzipien einer nachhaltigen Naturnutzung nach Geschlecht, Alter und Bildung

Antwortkategorie:  
trifft voll und ganz zu 

Angaben in Prozent

Durch-
schnitt Geschlecht Alter (Jahre) Bildung

Ø M W bis 29 30 bis 
49

50 bis 
65

über  
65 niedrig mittel hoch

Die Natur darf nur so genutzt werden, 
dass die Vielfalt der Pflanzen und 
Tiere sowie ihrer Lebensräume auf 
Dauer gesichert ist

62 59 66 53 60 68 66 61 67 59

Wir dürfen die Natur nur so nut-
zen, dass dies auch für kommende 
Generationen im gleichen Umfang 
möglich ist

62 58 66 48 61 69 66 59 66 60

Die Natur darf nur so genutzt werden, 
dass Eigenart und Schönheit von Na-
tur und Landschaft erhalten bleiben

58 57 59 52 56 65 57 55 61 57

Wir dürfen die Natur nicht auf Kosten 
der Menschen in ärmeren Ländern 
ausbeuten

56 52 60 49 55 63 57 56 58 54

 stark überrepräsentiert                    überrepräsentiert                    unterrepräsentiert                    stark unterrepräsentiert

Bundesamt für Naturschutz (2017): Naturbewusstsein.

We must only use nature, so that the diversity of plants, animals and their environment is 

We must only use nature in such a way that the 
diversity of animals, plants and their habitats is 
preserved in the long term. 
We must only use nature in such a way that 
future generations can use it likewise.
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ger Besorgnis hinsichtlich der Menschen in ärmeren 
Teilen der Welt äußern (höchste Zustimmungsstufe, 
Bevölkerungsdurchschnitt: 56 Prozent, Prekäre: 49 
Prozent, Hedonisten: 44 Prozent, Performer: 44 Prozent).

Tabelle 22:  Zustimmung zu den Prinzipien einer nachhaltigen Naturnutzung nach Geschlecht, Alter und Bildung

Antwortkategorie:  
trifft voll und ganz zu 

Angaben in Prozent

Durch-
schnitt Geschlecht Alter (Jahre) Bildung

Ø M W bis 29 30 bis 
49

50 bis 
65

über  
65 niedrig mittel hoch

Die Natur darf nur so genutzt werden, 
dass die Vielfalt der Pflanzen und 
Tiere sowie ihrer Lebensräume auf 
Dauer gesichert ist

62 59 66 53 60 68 66 61 67 59

Wir dürfen die Natur nur so nut-
zen, dass dies auch für kommende 
Generationen im gleichen Umfang 
möglich ist

62 58 66 48 61 69 66 59 66 60

Die Natur darf nur so genutzt werden, 
dass Eigenart und Schönheit von Na-
tur und Landschaft erhalten bleiben

58 57 59 52 56 65 57 55 61 57

Wir dürfen die Natur nicht auf Kosten 
der Menschen in ärmeren Ländern 
ausbeuten

56 52 60 49 55 63 57 56 58 54

 stark überrepräsentiert                    überrepräsentiert                    unterrepräsentiert                    stark unterrepräsentiert



 20

Mainstream Critical-
creative Precarious

positive 
attitudes to 

nature
0,92 1,20 0,87

Resource-  
consumption 1,01 1,11 0,82

UBA (2016): Repräsentative Erhebung von Pro-Kopf-Verbräuchen natürlicher Ressourcen  
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Steffen et al. 7

Figure 3. Trends from 1750 to 2010 in indicators for the structure and functioning of the Earth System. 
(1) Carbon dioxide from firn and ice core records (Law Dome, Antarctica) and Cape Grim, Australia 
(deseasonalised flask and instrumental records); spline fit. (2) Nitrous oxide from firn and ice core records 
(Law Dome, Antarctica) and Cape Grim, Australia (deseasonalised flask and instrumental records); 
spline fit. (3) Methane from firn and ice core records (Law Dome, Antarctica) and Cape Grim, Australia 
(deseasonalised flask and instrumental records); spline fit. (4) Maximum percentage total column ozone 
decline (2-year moving average) over Halley, Antarctica during October, using 305 DU, the average 
October total column ozone for the first decade of measurements, as a baseline. (5) Global surface 
temperature anomaly (HadCRUT4: combined land and ocean observations, relative to 1961–1990, 20 
yr Gaussian smoothed). (6) Ocean acidification expressed as global mean surface ocean hydrogen ion 
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How do emissions and 
capture have to develop to 
limit warming to +1.5°?



Beispiel Regenwald-> Acker. Nee, das ist ja dann immer noch da oben. Wir müssen das auch wieder 
raus bekommen aus der Atmosphäre.  

Reduzieren Sie Ihre zusätzlichen CO2-Emissionen auf Null. – Und pflanzen Sie Bäume. 

Sterman, J. D., & Sweeney, L. (2007).
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3. Versuch 1: 

Interviewer: Kannst du dir vorstellen, was dieses Modell damit zu tun hat, was wir eben 
besprochen haben? 

Lena:  Ja. Meeresspiegel.  

Interviewer: Überleg noch einmal, haben wir darüber gesprochen? 

Lena: Ach so, Atmosphäre. 

Interviewer: Was könnte was darstellen? 

Lena: Das hier ist das CO2 und das hier ist die Bindung. (Deutet auf den Wasserhahn, sowie 
auf das ausströmende Wasser aus dem Kunststoffschlauch). 

Interviewer: Was ist das hier? (Deutet auf den Behälter.) 

Lena: Wasser. 

Interviewer: Und wenn du nochmal an unser Gespräch von eben denkst? 

Lena: Ach ja, das CO2, also das in der Atmosphäre.  

Interviewer: Sehr gut. So was kannst du jetzt erkennen? 

Lena: Es fließt mehr rein, aber bei den Pflanzen bleibt es gleich, also dürfte es nur ein Strich 
sein. Es steigt jetzt immer mehr an. 

Interviewer: Ja genau. Aber wir wollten ja, dass sich die Temperatur nur um zwei Grad 
erhöht. (Verweist auf die Grafik) 

Lena: Dann muss man das Wasser einfach aus machen. (Wasserhahn geschlossen.) 

Interviewer: Was passiert jetzt? 



Beispiel Regenwald-> Acker. Nee, das ist ja dann immer noch da oben. Wir müssen das auch wieder 
raus bekommen aus der Atmosphäre.  

Reduzieren Sie Ihre zusätzlichen CO2-Emissionen auf Null. – Und pflanzen Sie Bäume. 
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Interview Hannes 

1. Vorlage der einführenden Grafik (ppm) und Instruktion. 

2. Vorlage der zu bearbeitenden Grafik (GtCO2) und Instruktion. 

Interviewer: Wie müssten sich Ausstoß und Bindung verhalten, um einen Klimawandel von 
höchstens zwei Grad anzuvisieren? 

Hannes: CO2 kann man nur durch Pflanzen binden. Die erste Kurve müsste also so sein und 

die zweite kreuzt die erste. Die Bindung muss ja höher sein. Sie steigt erst an und muss dann 

doppelt so hoch sein. Warum kann ich nicht sagen. 

 

3. Versuch 1: 

Interviewer: Kannst du dir vorstellen, was dieses Modell damit zu tun hat, was wir eben 

besprochen haben? 

Hannes: Wenn ich ganz viel rein mache, dann habe ich ein Gleichgewicht, wenn ich dann 

weniger Wasser nachfließen lasse, dann ist viel Wasser im Behälter, aber es fließt genauso 

viel nach, wie raus fließt. Ich kann auch von vornherein wenig Wasser in der Wanne haben. 

Dann fließt allerdings genauso viel rein wie raus.  

Interviewer: Was hat es mit deiner Grafik zu tun? 

Hannes: CO2 Ausstoß ist das einströmende Wasser, das ausströmende Wasser bestimmt die 

Bindung. Die Wanne stellt die Atmosphäre dar. Also das ist ja gut, dass ich den Klimawandel 

Sterman, J. D., & Sweeney, L. (2007).
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84 %
of highly qualified students violate 
the principle of mass conservation

Sterman, J. D., & Booth, L. (2007). Understanding public complacency about climate change: adults’ mental models of 
climate change violate conservation of matter. Climatic Change, 213–238. 33



RuSSland

1980 2010

3

 34
Niebert, K. (2015). Understanding Starts in the Mesocosm: Conceptual metaphor as a framework for external representations 

in science teaching. International Journal of Science Education, 37(5-6), 903–933.
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nicht weiter senken. Dann muss die Bindung höher. Das muss ja gleich bleiben, also Ausstoß 

und Bindung.   

Interviewer: (gibt neue, leere Grafik) Möchtest du noch eine neue Zeichnung anfertigen? 

Hannes: Die Bindung muss höher, weil sich das irgendwann angleicht.  

 

Interviewer: (gibt neue, leere Grafik) Könntest du noch eine Grafik anfertigen, aber dieses 

Mal für die grüne Kurve? Der Klimawandel soll komplett verhindert werden. 

Hannes: Das geht nur mit Gewalt, sonst geht’s nicht. Meine Zeichnung ist falsch. Die CO2 

Bindung muss zunächst höher werden und sich dann wieder angleichen. Aber ehrlich gesagt 

muss ja noch viel mehr berücksichtigt werden, wie der Permafrostboden. Der Klimawandel 

kann ja nie aufgehalten werden, außer wir pflanzen mehr Bäume.  

before after

Niebert, K. (2015). Understanding Starts in the Mesocosm. International Journal of Science Education, 37(5-6), 903–933.
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EMBODIED COGNITION AND SSI

„The transport of food from countries far away causes 
CO2. And this causes the greenhouse effect. […]  

I will always buy strawberries out of season, because 
the import and export of food is natural: Strawberries 
are imported from Spain to Germany. And the 
economy lives upon the import and export. Thats no 
problem.“
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   Economy Is Organism
   Import Is Nutrition
   No import Is Starving
   Import Is Natural









Sustainability?

€

„…development that 
meets the needs of the 
present without 
compromising the ability 
of future generations to 
meet their own needs.”

Brundtland commission (1987)
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Sustainability!

€

Nature 495, 305–307 (21 March 2013) doi:10.1038/495305a 

„…development that 
meets the needs of the 
present while 
safeguarding Earth’s 
systems, on which the 
welfare of current and 
future generations depend


