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The International Geosphere-Biosphere Programme (IGBP): A Study of Global Change
of the International Council for Science (ICSU)

Sustaining Earth's life support systems - the challenge
for the next decade and beyond
by Berrien Moore lll, Chair, IGBP

The “Anthropocene”
by Paul J. Crutzen and Eugene F. Stoermer

Stop using the word Holocene We 6r e not i n the Hol ocene any mor e.
word]...theAnthropocend 0




TRANSFORMATION OF THE BIOSPHERE

The effects of human intervention are now apparent on more than half of Earth’s ice-free land mass.
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Czy Jest jedna definicja antropocenu?

"the term has come to mean different things as it has spread to different groups, &
situation that can only end in headaches ... We need a common understanding”

(Waters, 2019)
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Antropocen jako jednostka czasu geologicznego, ranga jednos

a Geologic Time Scale 2012
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Figure 1 | Comparison of the
current Geologic Time Scale'
(GTS2012), with two alternatives.
a, GTS2012, with boundaries marked
in millions of years (ref. 10). b, ¢, The
alternatives include a defined
Anthropocene Epoch following
either the Holocene (b) or directly
tfollowing 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 World'", except for the
Anthropocene.



Problenmo czas
geologiczny I historyczny

Antropocen jako jednostka czasu geologicznego
Zr-wnuje pojrcie czasu
historycznym.

W tym sensie, dziaGalno
jest jako si Ga, kt-ra t
geol ogicznn planety | P
zawsze".

Czy tak jest w istocie?



CzGowiek jako'
geologiczna b

CzGowi ek

-transportuje wircej osad-w nif wszystkie rzeki

-ogrzewa planetr (gl obalne ocieplenie)
- podnosi globalny poziom morza

-ni szczy warstwr ozonowhn

-obni fa odczyn pH wody morskiej (zakwasza ocear
-zaburza cykl obiegu wrgla, azotu, fosforu etc
- zmienia krajobraz (urbanizacja)

- powoduje wielkie wymieranie

-wytwarza nowe materiaGy (technoskamieni aGoFci)



recombination primitive extragalactic gas

formation primitive galactic gas enriched galactic gas with grains
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Figure 1: The big picture of cosmic evolution, time runs from
left to right. Six phases of cosmic chemical evolution described
in the article are symbolized by six colors and red spots indicate
areas and processes in the Universe that lead to the emergence
of new such phases. More information in text.
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GLOBAL SCARCITY

Demand for sand and gravel for construction is rising faster than natural SHIFTING SANDS

SAUEGeS Gafl SUSIAIN, S0 priges Wil 5087 Satellite images of the Umngi River in northern Bangladesh reveal the

Sand availability == Sand demand dramatic impact of sand extraction.
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Fig. 6. Global temperature 10000 8000 6000 4000 2000 0
Stackfor73coreslargelyfrom 0.8 11]111]111]1111111[1111_

marine archives. 0 years sp refers
to 1950 cg, and temperature
anomalies are calculated with
respect to the instrumental
mean for 1961-1990. (Marcott,
S.A., Shakun, J.D., Clark, P.U. &
Mix, A. 2013. Science, v.339,
pp.1198-1201.)
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Latest CO2 reading: 412 .75 ppm

November 12, 2020
Carbon dioxide concentration at Mauna Loa Observatory

*  Hourly average

Week ending November 12, 2020
® Daily average
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Keeling curved a daily record of atmospheric CQ o
https://sioweb.ucsd.edu/programs/keelingcurve/ T e T

*Latest CO, reading: 424.03 ppm
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Carbon dioxide concentration at Mauna Loa Observatory
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https://sioweb.ucsd.edu/programs/keelingcurve/

November 12, 2020
Ice-core data before 1958. Mauna Loa data after 1958.

November 12, 2020
Ice-core data before 1958. Mauna Loa data after 1958.
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Zaslrg
arktycznego

Seasonal Arctic sea ice extent (million km?2)
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Thousands of Species are currently
deemed to be threatensd, but the true
number of species at risk of extinction
may be much higher. Estimates suggest
that batwesn 500 and 36,000 species
might be disappearing each year. The
best data are for well-studied groups —
mammals, birds and amphibians. Muek
lizss is known about threats to other
groups, such &5 insects and fish

ALREADY EXTINCT
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March towards
mass extinction

Mass etinctions — loss of 75% of existing species
— have happened 5 times in the planet’s history.

1 there are 5 million animal species and they are
disappearing at rate of 0.72% per year (the upper
end of eatimates), a sixth mass extinction could
happen by the year 2200, At the low and of the
estirmated range. & mass extinction would not
happen for thowsands of years.

EY RICHARD MONASTERSKY | GRAPHIC BY SW INFOGRAPHIC

Mammals Birds
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How many
species are there?

Estirnates of the nurmber of species of animals, fungi
and plants vary significantly. That uncertainty clouds
understanding of how many species are threatensd
and how mary are going extinet.

ANIMALS

11 million

FUNGI

— 100,000
deseribad

——307.700
describead

Main threats

Hunting, fishing and ather farms of expinitation
are a major tactor in declines in animal populations,
acconding to the Living Planet Index. Habitat
degradation and ks are also dominant threats.
Climate change is expected to become a bigger
tactor aver time.

3T
Climate - 2
change Habitat degradation
Invasive
species 5
Pollution 4%

FIGURES HAVE EEEN ADUNDED

Disease 2%

1 B. A Schoflers of 3 Tweds Ecol Evol 27, 5




. Fig. 6. a) Map indicating the timing of the first

-
?/!' documented arrival of Homo sapiens, contributing to
k- ﬁ—’? the diachronous onset of extinetion pulses for the

95} 45 ka N\ LQE; b) The rise in mammal extinction rates since
o \EJ!QS- 100 ka. The bars at each labelled time interval
- 34 ka indicate the amount the extinction rate was elevated

above the average background extinction rate
calculated for the time interval. Except for the two
LQE bars indicated by extinct-animal icons, the in-

. \g {E‘:"m@ 30 ka tervals begin at ~2014 CE and reach back the

: ) ¥ o " number of years indicated on the scale. For the LQE
\/)6 2.3ka 5 ' rates marked by the animal icons, the 42 ka interval
\ encompasses the entire LQE episode from 50 ka to 8

- ﬁ 0.7 ka ka. The 7.5 ka interval encompasses the terminal
LQE pulse fuelled mostly (but not entirely) by ex-

(earliest H.
sapiens)

b) . tinctions in the Americas from ~15.5 to 8 ka. The
Elevation of E/MSY above background rates average background rate was computed for each
Pleistocene Holocene : individual time span, to account for the observation

140 that shorter time spans are likely to show higher

120 average extinctions per million species/year (E/
MSYs) (Barnosky et al., 2011). The background E/
100 MSYs so calculated ranged between 1.1 and 2.05 E/

Entire LQE Terminal LQE Extinctions on 0 MSY. Expressing E/MSY for time intervals shorter
S0kato 15.5ka to 8 ka islands than 100 years is problematic so shorter time in-
Ska accelerate 60 tervals are not included. Data are from Barnosky
a0 et al. (2011) updated with information from Cebal

20 los et al. (2015) for the 500 and 100 year intervals.

Elevation of extinction rate
(E/MSY) above background rate

xm;

100ka 50ka 42ka 10ka 75ka 5ka 1ka 05ka 0.1ka
Interval over which E/MSY was calculated

E/MSY - extinctionger
million specigsyear




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 50,000-10,000yrep MNear-global Fossil megafauna None, diachronous Charcoal in lacustrine deposits
over —40,000 yr
Origin of farming ~11,000yrep Southwest Asia, Fossil pollen or None, diachronous Fossil crop pollen, phytoliths,
becoming global phytoliths over —5,000yr charcoal
Extensive farming ~8,000yrer to present  Eurasian event, CO. inflection in None, inflection too Fossil crop pollen, phytoliths,

Rice production
Anthropogenic soils
New-0ld World

collision

Industrial Revolution

Nuclear weapon
detonation

6,500 yrer to present
~3,000-500vyrep
1492-1800

1760 to present

1945 to present

global impact

Southeast Asian
event, global impact

Local event, local

impact, but widespread

Eurasian-Americas
event, global impact

Northwest Europe
event, local impact,
becoming global

Local events,
global impact

Kl edy

glacierice

CH, inflection
in glacier ice

Dark high organic
matter soil

Low pointof CO»
in glacier ice

Fly ash from coal
burning

Radionuclides (}*C)
in tree-rings

{ O

diffuse

5020yrer CH4
minima

None, diachronous,
not well preserved

1610 COz minima

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

1964 1%C peaks

Sir

charcoal, ceramic minerals

Stone axes, fossil domesticated
ruminant remains

Fossil crop pollen

Fossil pollen, phytoliths, charcoal,
CHa, speleothem 620, tephrat

YN:15N ratio and diatom
composition in lake sediments

240py: 239py ratio, compounds
from cement, plastic, lead and
other metals

Z a C




Mid-twentiath cantury

Holocene
The Anthropocene could Industrial Revolution
be added as a new epoch 126,000 ya
on top of the Holocene. i
Or the timescale could ~3,000 years ago (ya)
remain unchanged, in Expansion In mining
which case the
781000 va
Anthropocene would
function as an informal
time unit. S
) 5,000-7 000 ya
Pleistocene Expansion In
agrculture
1.8 milllon ya
Gelaslan 11,700 ya
26 milllon ya
EMature




© THE DEEP ROOTS OF THE ANTHROPOCENE

2 Human societies began altering Earth long ago. Human social and cultural capacities to alter its environmental processes have

& accumulated, scaled up and reinforced each other in complex and historically contingent ways. Defining an Anthropocene epoch should

< involve examining these transformative social-environmental changes, rather than solely focusing on globally instantaneous environmental

= transitions. ‘Golden spikes’ mark stratigraphic boundaries of geological time periods; ‘7" highlight recent boundary proposals.
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HISTORICAL TIMELINE
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AWG, Anthropocene Working Group
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EARLY-ANTHROPOCENE
PROPOSAL

Humans began
transforming the land
surface thousands of years
ago, through agriculture 0

and other activities. That '

has led some researchers e Years of intensive land use based on model estimates
to propose an early start m =5,000 years m 5,000-2,000 years

date for the Anthropocene. m 2,000-1,000 years = 1,000-250 years <250 years

One potential 750
stratigraphic marker is

a rise in the atmospheric
concentration of
methane millennia ago,
which is recorded in
glacial ice. This could

reflect increases in N ¢ &t 1 3 T
farming and animal Thousand years ago

herding.
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Figure 2 | Defining the beginning of the Anthropocene. a, Current GTS2012
GSSP boundary between the Pleistocene and Holocene™ (dashed line), with
global temperature anomalies (relative to the early Holocene average over the
period 11,500 Bp to 6,500 BP)'"* (blue), and atmospheric carbon dioxide
composite’"? on the AICC2012 timescale'' (red). b, Early Anthropogenic
Hypothesis GSSP suggested boundary (dashed line), which posits that early
extensive farming impacts caused global environmental changes, defined
here by the inflection and lowest level of atmospheric methane (in parts per
billion, p.p.b.) from the GRIP ice core™ (green), with global temperature
anomalies (relative to the average over the period 1961 to 1990)"'* (blue), and
atmospheric carbon dioxide'"* (red). ¢, Orbis GSSP suggested boundary
(dashed line), representing the collision of the Old and New World peoples and
homogenization of once distinct biotas, and defined by the pronounced dip in
atmospheric carbon dioxide (dashed line) from the Law Dome ice core™"®
(blue), with global temperature data anomalies (relative to the average over
the period 1961 to 1990)'"" (red). d, Bomb GSSP suggested boundary (dashed
line), characterized by the peak in atmospheric radiocarbon from annual
tree-rings (black)'®* (the A'*C value is the relative difference between the
absolute international standard (base year 1950) and sample activity corrected
for the time of collection and 8'*C), with atmospheric carbon dioxide from
Mauna Loa, Hawaii, post-1958"'%, and ice core records pre-195877° (red),
and global temperature anomalies (relative to the average over the period
1961 to 1990)"' (blue).




Orbis spike 1610

SkGad atmosfery zarejestrowaG gwaGtowne zmiany Kkt
wojennychmi | i on-w r dzenmaydhkAmenryykanjwni ewolnictwa do
Amerykachs powodowa Gy wzr ost polachsprawnycha opuszczonych

Do 1610 r. wzrost wszystkich tychvydsrzaaw zvay diicifig nil G
wrgla, aby spowodowal spadek strfeniadfi0pgma gazu c
rozpocznlL maGn epokr | odowcown.

W oparciu o tr dramatycznn zmi armmropocermmk 1610 mof na



Humans at the helm

Researchers are studying whether the geclogical timescale should be modified to include
the Anthropocene, a unit of time during which humans became a major force on the planet.
Some support starting the Anthropocene in the mid-twentieth century, whereas others
propose much earlier dates.
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The Tragedy of the Commons

Imagine an open pasture shared by multiple cattle owners. Each owner increases their herd to
maximize their benefit. With an unregulated resource this is "logical” since the benefit is enjoyed by the
individual and the impacts are shared by all. This leads to the ultimate overgrazing of the pasture.
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The Tragcdi;of the Commons applies to numerous environmental, economic and social phenomena
and has particular relevance to greenhouse gas regulation related to global warming. o~
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Garret Hardin
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the Commons
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The population problem has no technical solution; it requires a fundamental extension in morality
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Boom and bust

In most runs of the World3 computer model, rapid growth is followed by sharp decline. So far the standard
run (main graphic) corresponds well with measurements of real-world equivalents (dotted lines)
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Earth System science (nauka o ziemskim systemie)

Physical climate system
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Ocena wpnywu czhowieka na kaludy el

Atmosphere
o Includes the troposphere, the lowermost layer up to the elevation where jet planes fly and in which all weather systems and
habitats for alrwbrcathmg life and photoqw,nthcqn exist.
o Anthropogenic impacts include reduced air quahtv due to pollution, warming due to burning of fossil fuels, ozone layer
damage due to aerosols, extreme weather causing tloods, wildfires and droughts, and altered averages of season length, tem-

perature and precipitation patterns,

Hydrosphere
o All oceans and seas that contain 96.5% of the world’s water and cover 71% of its surface, and all freshwater in lakes, rivers,
and groundwater from which all drinking water (aside from desalination products) is derived.
o Anthropogenic impacts include widespread pollution, ocean warming causing hurricane intensification and reduction of
Arctic and Antarctic sea ice, ecosystem shifts, river flow disruptions, coral reef bleaching, ubiquitous plastic debris, and sea-
level rise mainly due to melting ice sheets, icecaps and glaciers, locally exacerbated by coastal subsidence.

Cryosphere
o All frozen areas of the Farth’s surface, including ice-sheets, icecaps, glaciers, and tundra.
o The Antarctica ice sheet and Greenland icecap contain the equivalents of approx. 60m and 6m of worldwide sea-level rise,
respectively.
o Anthropogenic impacts include melting of permafrost with methane emissions and accelerated melting of glacial ice which
is often a vital source to river flow and water for piedmont communities and agriculture,

Koste,Emlyn8 ¢ m¢m8 O' %/ 3 Adtropsténe Fansdisciplinary Shorthandfor Human Disruption T £ OEA %AOOE 3 UOOAIT 86
Geoscienc€anadaJuly, 59z64. https://doi.org/10.12789/geocan].2020.47.160
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Biosphere
o All life-supporting habitats on, just below and above land and ocean surfaces.
o Includes the virosphere, the world of virus diversity such as Covid-19.
o Extensively inhabited and affected by humanity (the Earth’s dominant species) and these impacts have grown with the Great
Acceleration since the mid-20" century.
o Anthropogenic impacts include pollution, disruptions of ecosystems, overfishing, and sharply reduced biodiversity in all
major faunal and floral groups, including extinctions.

Lithosphere

o Crustal layer, 5 to 65 km thick, in which plate tectonics operates, volcanic activity and earthquakes originate, and from where
fossil fuels and mineral resources are extracted.

o Includes the pedosphere: the thin outermost layer of agriculture-enabling soil where rock and sediment are altered by linked
physical, chemical, and organic processes.

o Includes the archaeosphere: proposed term for the altered, highly varied, surface layer of the lithosphere containing evi-
dence of human activities and impacts.

o Anthropogenic impacts include disposal of radioactive waste, groundwater pollution, aquifer alteration, impacts from
hydraulic fracturing of rocks for recovery of hydrocarbons, and the predicted imminence of ‘peak soil” and ‘peak oil’.
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Fig. 1 Schematic overview of the climate geoengineering proposals reviewed. Black arrowheads
indicate short wave radiation, white arrowheads indicate enhancement of natural flows of carbon,
grey downward arrow indicates engineered flow of carbon, grey upward arrow indicates engineered
flow of water. dotted vertical arrows illustrate sources of cloud condensation nuclei and dashed boxes
indicate carbon stores. Not to scale



Antropocen inaczej

The Shock of the Anthropocene
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Antropocen inaczej

The Shock of the Anthropocene

. Thermocene(history of the carbemdustrial complex),

. Thanatocene(history of total war and ecocide),

Phagocene(history ofmass consumption),

Phronocene( hi st ory of scientific oenviro
. Agnotocene( hi st ory of oOoignoranceo),

. Capitalocene(historyof capitalist world accumulation), and

Polemocene(history of environmental justice movements)
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DYSKURSY ANTROPOCENU A MARAZM E£RODOWI SKOWY
XXl WI EKU (E. Bizczyk, 2017)
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DYSKURSY ANTROPOCENU A MARAZM E£RODOWI SKOWY
XXl WI EKU (E. Bizczyk, 2017)
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