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Climate Change: Worsening Extreme Weather



Increase in Intense Tropical Cyclones

Rahmstorf, Emanuel, Mann and Kossin 2018



Increase in Intense Tropical Cyclones

Rahmstorf, Emanuel, Mann and Kossin 2018

Significant global increase in cyclones 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.



…the Earth System 

Our planet is a single system… 



Hunter-gatherer 
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Beginning 
of 
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Adapted from Steffen et al. 2004; ice core data from Petit et al. 1999
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modern 
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and
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Human Development and

Earth System Dynamics

Source: Data from Petit et al. 1999, labeled as in Young and Steffen 2009.

Source: J. Rockström and N. Nakicenovic

Data from Petit et al. 1999 and Oppenheimer 2004



The
Great

Acceleration

The Human Enterprise

• Population
• Economic Growth
• Freshwater use
• Energy use
• Urbanization
• Globalization
• Transport
• Communication

Steffen et al. 2015



• Greenhouse gases
• Ozone depletion
• Climate
• Marine ecosystems
• Coastal zone
• Nitrogen cycle
• Tropical forests
• Land systems
• Biosphere integrity

Global Impact

Steffen et al. 2015

The

Great 

Acceleration



IGBP Newsletter 41: May 2000



Climate Change 

NASA 2018

Global Average Temperature Anomaly, 1880-2017

Baseline is 1951-1980



Temperature rise: 
Beyond the envelope of natural variability!

Summerhayes 2015

Human influence

An Earth System Perspective



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 CO2 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



Human Transformation of

the Biosphere



The 
Anthropocene

chicken

Richard Thomas

J. Zalasewicz 2015



Terrestrial vertebrate biomass 

Domesticated animals
ca 65%

Humans
ca 32%

Vertebrate
wildlife
< 3%

Smil 2002



Mass extinction plausible within

two to three human lifetimes

Source: A Barnosky

Current extinction rates are 10s to 100s

higher than the background level.

Ceballos et al. 2015



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

Stratigraphic signatures of human origin are well above 

Holocene norms and will leave a lasting signature.

Evidence is most consistent with a mid-20th century beginning.

Specific stratigraphic cores are being examined for formal 

proposal to the  International Commission on Stratigraphy. Str

Waters et al. 2016

Jan Zalasiewicz, Convenor

Anthropocene Working Group

University of Leicester, UK



The climate system, the biosphere…

What about humans and our systems?



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

Steffen et al. 2015



Evolution of Income Equality

Source: S. van der Leeuw

Europe and JapanEnglish-speaking

countries



Pickett and Wilkinson 2015

Japan



System Incompatibilities?







Photo: O.Henriksson/Azote



Where is the Earth System going? 



Temperature rise: 
Beyond the envelope of natural variability!

Summerhayes 2015

Human influence

An Earth System Perspective



Implications of accelerating climate change
IPCC temperature projections

IPCC 2013
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Earth System moves to a new 
state? Severe challenge to
contemporary civilisation. 
Possible collapse?

Summerhayes 2015

Committed

Tipping Points?



Tipping Elements in the Earth System

Huber, Lenton, and Schellnhuber, in Richardson et al. 2011

10 years of C storage

lost in 2005 and 2010

droughts

50 to 250 Gt C lost by 2100

from thawing permafrost



Tipping Cascades

Source: J. Donges and R. Winkelmann

in Steffen et al. 2018



Earth System Trajectories

Steffen et al. 2018



The Hothouse Earth Trajectory

Steffen et al. 2018

Climate 

state

Time BP Atmos CO2

conc.

Global 

surface T, 

ºC

Sea-level 

rise, m

Current 

(2017)

0 400 1.1-1.2 N/A

Mid-

Holocene

~6-7 ka 260 0.6-0.9 N/A

Eemian ~125 ka 280-300 1.0-1.5 6-9

Mid-

Pliocene

~3-4 Ma up to 

400-450

2-3 10-22

Mid-

Miocene

~15-17 Ma up to

300-500

4-5 10-60

Reference: Pre-industrial



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 CO2 concentration and temperature

• Some feedback processes are the same as 

those in glacial-interglacial cycling

• Observations show some tipping elements

vulnerable at 1-3ºC temperature rise

Steffen et al. 2018



Human Feedbacks in the Earth System:

Fundamental Changes in Societies

Steffen et al. 2018

• Slow or reverse population growth

• Change consumption behaviour

• Improved governance - Earth System level

• Value changes towards stewardship

• Technological innovation

• Build resilience for transformations



…Our world today is dominated by a global

economic system with disastrous social and

environmental impacts – “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

Kate Raworth
Oxford University

An Economy for the 21st Century

• Systems thinking: dynamic complexity

• Equity: distributive by design

• Biosphere: regenerative by design



Prof Dipash Chakrabarty

University of Chicago

Homo-centric v. Zoe-centric
(human-centric v. life-centric)

Contemporary society is based on a homo-centric

approach, but the Anthropocene demands a

zoe-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 
to it....

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






