The Anthropocene:
Where on Earth are We Going?
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Increase In Intense Tropical Cyclones
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Rahmstorf, Emanuel, Mann and Kossin 2018



Increase In Intense Tropical Cyclones

Significant global in‘c‘r‘eas-e N c‘y‘clone.s with maximum wind speed
of 175 km/h or higher.

Storms of 200 km/h and more have doubled in number.
Storms of 250 km/h and more have tripled in number.

Proposal for a new Category 6 for most intense cyclones.
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Rahmstorf, Emanuel, Mann and Kossin 2018



Our planet is a single system...

...the Earth System



Human Development

and

the Earth System
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Adapted from Steffen et al. 2004; ice core data from Petit et al. 1999



Human Development and
Earth System Dynamics

AC 4
Holocene
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with respect to the mean recent time value
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Source: J. Rockstrom and N. Nakicenovic
Data from Petit et al. 1999 and Oppenheimer 2004



Socio-economic trends
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Earth system trends
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The “Anthropocene”

by Paul J. Crutzen and Eugene F. Stoermer

Thename Holocene (* Recent Whole™ or
the post-glacial geologiml epodh of the
past ten to twelve thousand years seems
to have been proposed for the first time
by Sir Charles Lyell in 1833, and adopted
b the International € eological Congress
in Bologna in 1885 (1). During the
Holocense mankind's adtivities gradually
grew into a significant EL‘(‘!li‘HE‘LEal OT-
phd.iumral foree, as ru:up'm.wd early on
by a number of scientists. Thus, GP
harsh already in 1864 published a book
with the title “Man and Nature”, more
recently reprinted as “The Earth as Modi-
fied by Human Action” oppand in
15873 rated mankind's activities as a “new
telluricforee which in power and univer-
sality may be compared to the greater
forces of earth” [quoted from Clark (3]
Stoppani already spoke of the
anthropozoic era. Mankind has now in-
habited or visited almost all places on
Earth; he has even set foot on the moon
The great Russian geologist
VL ‘n.t_mad'.l-.. 4) in 1926 I.'LTHETI:L..Ld the
increasing power of mankind as part of
the binsphere with the following excerpt
“.. the direcion in which the processes
of evalution must proceed, namely to-
wards increasing consciousness and
thought, and forms having greater and
greate rinfluence on their surmoum dings".

panied e.g. by a growth in catfle popu-
latiom to 1400 million (&) (about ome cow
per average size family). Urbanisation
has even increased tenfold in the past
entury. In a few generations mankind
5 Ll]'la'l.l‘ntlIllE the fossl fuels that were
generated over several hundred million
years. The release of 30, globally about

year to the atrnmp]'u_n_ ]:'-.. mal
am:l ol bumu'n.r is at least bwo Hmes
larger than the sum of all natural emis
0T, Oocur ring mainl y as mari ne dime-
I:h mlﬁdL Emrn the oceans (7 'I Erurn

of H'u. land 51 l.'|311 ]'Ia.ﬁ ]:'ﬂm tranﬁm:mu:l
by human action; more nitrogen is now
fxed synthetically and applu_d as fert-
lizersin al.!TlL‘LI].I:LII.’L than fived naturally
in all terrestrial ecosystems; the escape
into the -atlTH.'h'Fl]'ILl'L of NO from fossil
fuel and biomass combustion likewise
is larger than the natural inputs, giving
rise to photochemical omone ("smog”)
formation in extersive regions of the
world; more than half of all accessible
fresh water is used by mankind; human
activity has inoreased the species extine
tion rate by thousand to ten thousand
fold in the tropical rain forests (9) and
several climatically important

house”™ gases have substantially in-
ceased in the atmosphere: OC 0, by maore

groves, Finally, mechanized human p
dation (“fisheries”) removes more H
257 of the primary producton of §
oceans in the upwelling regions and X

in the temperate continental shelf
gions (10). Anthropogeniceffects are a
well llustrated by the history of biotic
communities that leave remains in lake
sediments. The effects documented in-
clude modification of the geochemical
cyde inlarge freshwater systems and oc-
cur m systems remote from pomary
sources (11-13).

Considering these and many other
major and still growing impacts of hu-
man activities on earth and atmosphere,
and at all, including global, scales, it
seems to us more than appropriate o
emphasize the central role of mankind
in geology and ecology by proposing to
use the term “anthropocene” for the cur-
rent geological epoch. The impads of
current human activities will continue
owver long periods. Acording to a study
by E‘-Lrl..tram:l Lowtre (14), because of the
anH'uruq:u_gL'mn:rnmﬁmm of C0, climate
may depart significantly from natural
behaviour over the next 50,000 years.

To assign a more specific date to the
onset of the “anthropocene” seems
somewhat arbitrary, butwe propose the
latter part of the 18th century, although




Climate Change

Global Average Temperature Anomaly, 1880-2017
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An Earth System Perspective

Temperature rise:
Beyond the envelope of natural variability!
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Summerhayes 2015



Rates of Change

Since 1970 the global average temperature has risen at
a rate about 170 times the background rate over the
past 7,000 years of the Holocene, and in the opposite
direction.

Rate of atmospheric CO, increase over the past two
decades is about 100 times the maximum sustained
rate during the last deglaciation.

Rate of increase in ocean acidification is unparalleled for
at least the last 300 million years.

De Vos et al. 2014; Wolff 2011; Marcott et al. 2013; NOAA 2016; Canfield et al. 2010
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The
Anthropocene
chicken

Richard Thomas

1978

2022



Terrestrial vertebrate biomass

Vertebrate
wildlife
< 3%
Humans
ca 32%

Domesticated animals
ca 65%

Smil 2002



Mass extinction plausible within
two to three human lifetimes

[UCN Status

Mammals
Birds
Rentiles

" Conifers
Sharks
Crabs/Lobsters

Big 5 Mass
Extinctions

(O Threatened
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Current extinction rates are 10s to 100s

higher than the background level.

Ceballos et al. 2015
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Stratigraphic Definition of the Anthropocene

Have humans changed the Earth System such that
geological deposits forming now and in the recent
past include a fingerprint distinct from that of the
Holocene Epoch?

If so, when has the change become recognizable
worldwide?

Source: C.N. Waters et al., Science, 2016, (synthesis paper by the
Anthropocene Working Group)



Formalization of the Anthropocene:
Current Status

Jan Zalasiewicz, Convenor
Anthropocene Working Group
University of Leicester, UK
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The climate system, the biosphere...

What about humans and our systems?



Perspectives and controversies

The geology of mankind? A _
critique of the Anthropocene uezé.ﬁ..l.::I..uif.q:mﬁp.l-g.sls.;rl‘;_n;‘-l.'
. WOk IDNITFFRDs301961 35162
nar‘ratl?E l.rr._s_::,i:aFLI:.r.-:-rr
SSAGE

Andreas Malm and Alf Hornborg

Abstract

The Anthropocene narrative portrays humanity as a specles ascending to power over the rast
of the Earth System. In the crucial fleld of climate change, this entalls the attribution of fossil fuel
combustion to properties acquired during human evolution, notably the abllity to manipulate
fire. But the fossll economy was not created nor Is it upheld by humankind In general. This

It is not correct to consider “mankind” or “humankind” in general

The fossil fuel-driven, consumption oriented, globalised economy
was not created by humankind in general.

“Intra-species inequalities are part ....of the current ecological
crisis and cannot be ignored in attempts to understand it.



Equity Issues

« Population

« Economic growth
* Fertilizer use

« Urbanization

« Globalization

* Transport

« Communication

Socio-economic trends ==orco
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Evolution of Income Equality

Share of Total Income going to the Top 1%, 1900-2010 — by Max Roser

The evolution of inequality in English The evolution of inequality in continental Europe
speaking countries followed a U-shape and Japan followed a L-shape

English-speaking Europe and Japan
countries
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Health and Social Problems are Worse in More Unequal Countries

Worse -

Index of:
Life expectancy
Math & Literacy
Infant mortality
Homicides
Imprisonment
Teenage births
Trust
Obesity
Mental illness — incl.
drug & alcohol
addiction
Social mobility

# Finland
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Index of health and social problems

Better -
|

Denmark
L]

[ ]
Belgium

Austria
.

Germany »

G T Japan

France
[ ]

Poriugal »

Greece
tand ¥ MNew Zealand
e ,.-_l’l_.I ™

Australia e

Low

Source: Wilkinson & Pickeatt, The Spirit Level {2008)

Income Inequality

www.equalitytrust.org.ul __Cauality Trust

Pickett and Wilkinson 2015




System Incompatibilities?
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Where is the Earth System going?




An Earth System Perspective

Temperature rise:
Beyond the envelope of natural variability!
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Summerhayes 2015



IPCC temperature projections

g
""r Model mean global
A mean temper sture
change forkow
&I S5H0N 508N A0

RCPZ&

::13-
3
2
[+
o
—|
|4
&
E
=
8
e
=
o
ki
=]
]

IPCC 2013



Earth System moves to a new
state? Severe challenge to

contemporary civilisation. — 0
Possible collapse? IPCC Projections
2 2100 AD
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Tipping Elements in the Earth System

Cold Water

Coral Reefs
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Tipping Cascades

Tipping elements atrisk:
1°C -3°C
3°C-5°C

@ >5°C Greenland - -
Ice Sheet Arctic winter
: sea-ice _

Arctic summer

Boreal Jet Stream sea-ice

glaciers

. Thermohaline
El Nifio Southern e

Oscillation Indian summer
monsoon

Amazon
rainforest

West Antarctic - & East Antarctic
Ice Sheet Ice Sheet

Source: J. Donges and R. Winkelmann
in Steffen et al. 2018



Earth System Trajectories

Glacial-interglacial
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The Hothouse Earth Trajectory

Climate Time BP  Atmos CO, Global Sea-level
state conc. surface T, rise, m
°C
Current 400 1.1-1.2 N/A
(2017)

Mid- 260 0.6-0.9 N/A
Holocene

Eemian 280-300 1.0-1.5 6-9

Mid- up to 2-3
Pliocene 400-450

Mid- up to 4-5
Miocene 300-500

Reference: Pre-industrial Steffen et al. 2018



Is ‘Hothouse Earth’ inhabitable?

Most of the tropics and subtropics will be too
hot for human habitation.

Changing temperature & rainfall patterns will likely
make current large agricultural zones unproductive.

Sea-level rise of 20-40 m ultimately likely, drowning
coastal cities, agricultural areas and infrastructure.

Maximum carrying capacity of ~1 billion humans
(today’s population is 7.5 billion)



How Plausible is this Scenario?

Complex system behaviour of the Earth
System in the late Quaternary

Hothouse Earth conditions accessible with
projected CO, concentration and temperature

Some feedback processes are the same as
those in glacial-interglacial cycling

Observations show some tipping elements
vulnerable at 1-3°C temperature rise

Steffen et al. 2018



Human Feedbacks in the Earth System:
Fundamental Changes in Societies

 Slow or reverse population growth
« Change consumption behaviour

 Improved governance - Earth System level

 Technological innovation
 Build resilience for transformations

Steffen et al. 2018



Fritjof Capra and Pier Luigi Luisi
The Systems View ¢ |
of Life S .
...Our world today is dominated by a global
economic system with disastrous social and
environmental Iimpacts — “predatory
capitalism™.... We are the only species on
Earth who destroys its own habitat, threatening
countless other species with extinction in the

Process.




The ‘Doughnut’: a safe and just space for
humanity
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Prof Dipash Chakrabarty S
University of Chicago
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Homo-centric v. Zoe-centric
(human-centric v. life-centric)

Contemporary society Is based on a homo-centric
approach, but the Anthropocene demands a
Zzoe-centric approach.

“epochal consciousness” v. “departmental thinking”

Tanner Lectures in Human Values, Yale University, 2015



We're only here for a short amount of time to do what we've
been put here to do, which is to look after the country.

We're only a tool in the cycle of things. ...(we) go out into
the world and help keep the balance of nature. It's a big
cycle of living with the land, and then eventually going back

toft...

An Elder, Noongar People. From: 'Elders:
Wisdom from Australia's Indigenous Leaders’









