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How Many Earth-like Planets Are There?

How Many Technical Civilizations Are There?

&

total number of stars in fraction of stars that fraction of planets fraction of Earth-like

the Milky Way have planets that are Earth-like planets in the HZ

fraction of habitable planets  fraction of habitable planets fraction of intelligent life normalized mean life time
that develop life that develop intelligent life that develops radio of an intelligent civilisation
technology

Drake's Equation




AUl DAVIES

»It would be a
tragedy of literally
cosmic proportions
if we succeeded in
annihilating (...),
the one truly
intelligent species
in the entire
universe.”

Paul Davies,
NYT, 21 April 2010

Snowball Earth

Paleogeography from
global mean surface temperature (°C)  powell et al. (2001)
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Carboniferous/Permian: Creating Coal, Cooling Earth

Formation of most of our coal brought Earth close to {a) 700 ppm €Oz, & = 22.0°, @ = 0.069, @ = 270°
global glaciation N T - S e
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The bulk of Earth’s coal deposits used as fossil fuel today was

formed from plant debris during the late Carboniferous and early 2
Permian periods. The high burial rate of organic carbon corre- 2
lates with a i of heric carbon diexide E
(CO,) at that time. A recent analysis of a high-reselution record 4
reveals large orbitally driven variations in atmospheric €0 con- 30 F
centration between ~150 and 700 ppm for the latest Carbonifer-
ous and very low values of 100 £+ 80 ppm for the earliest Permian,
Here, | explore the sensitivity of the climate around the Carbonif- ~60
erous/Permian boundary to changes in Earth's erbital parameters
and in atmospheric CO; using a coupled climate model, The cold- =Ty

est orbital configurations are characterized by large axial tilt and [1] 30 B0 90 120 150 180 210 240 270 300 330 360
small eccentricities of Earth’s efliptical orbit, whereas the warmest Longitude

ion occurs at mini tilt, i eccentricity, and
a perihelion passage during Northern hemisphere spring. Global (b} 150 ppm COg, £ = 24.5%, @ = 0.010, w = 45°

occurs at €O =40 ppm, sugg g a
rather narrow escape from a fully glaciated Snowball Earth state
given the low levels and large fluctuations of atmospheric COg,
These findings highlight the impertance of orbital cycles for the
climate and carben cycle during the late Paleozoic ice age and
the climatic significance of the fossil carbon stored in Earth's coal
deposits.
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Solving the Riddle of the Ice Ages

LETTER

The pant rapid growth of Nor

sehish trvminste

Critical insolation-CO; relation for diagnosing past| sm=s
and future glacial inception

A Ganopotski’, B Winketmann'* & H. 1 S helinhaber

Earth’s narrow escape
from a big freeze

CO, (ppm)

Critical CO, Concentration-Insolation Function

CCI'it(S) = CO - e_(S—Sg)‘/a a00

&
a

CO, (ppm}
8
=]

MIS-19 MIS-11
1 1 | 50

600_ . - 2022:5:;':“ 450 475
5001 /\/ critical CO; function Critcal Insolation (Wiri?)

/\/ observed CO:concentration (past) I
400+ and : ; i

modeled forzero emissions (future)

300
200

800

I
700

1 I
600 500 400 300 200

1
100 0

Ganopolski, A., Winkelmann, R., Schellnhuber, H.J. (2016): Critical insolation-CO; relation for

diagnosing past and future glacial inception. Nature




The Holocene: From Glacial Chaos to Climate Paradise

8 "0 (per mil)
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Age (kyr before present)

Why Does the Climate Change at All? Longer-Term Factors:

Milankovic Cycles The Greenhouse Effect

M. Milankovic 1896 S. Arrhenius
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Critical CO, Concentration-Insolation Function
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Ganopolski, A., Winkelmann, R., Schellnhuber, H.J. (2016): Critical insolation-CO; relation for
diagnosing past and future glacial inception. Nature
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Current Development of Global Warming

Global Surface Temperature Relative to 1880—1920 Mean
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Looming Risks: Tipping Elements in the Earth System
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ca.1.2and3.3m
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Crack in Antarctica’s Larsen C Ice Shelf




A Key Antarctic Glacier Just Lost a Huge Piece of Ice

* Pine Island
glacier

Amundsen sea

2017-09-24

Pictures: Washington Post

Sea-level Rise After Ice Plug Removal
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Irreversible Loss of Greenland Ice-Sheet Could Start
with 1.6°C Temperature Rise Relative to Preindustrial
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Exceptional Slowdown and Shrinking Stability of the
Atlantic Ocean Overturning Circulation

SCIENCE ADVANCES | RESEARCH ARTICLE
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Anthropogenic Rush through Cryo-Phase Space
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After Ganopolskiet al., under review
Shaokun et al. (2012), Marcott et al. (2013)

Climate Change Can Bring about Conditions
Exceeding Human Thermoregulatory Capacity

Geographical distribution of deadly climatic conditions under different emission scenarios.
Historical c RCP 4.5
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Number of days per year above deadly threshold

Moraet al., 2017, Nature Climate Change
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A REGION AT RISK
THE HUMAN DIMENSIONS
OF CLIMATE CHANGE

IN ASIA AND THE PACIFIC

ASIAN DEVELOPMENT BANK

o

Summer Heat Extremes

Shift Regions into New Climate Regimes
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3-sigma events [\ "
(1in 740 years) [+

Paris-consensus

Business-as-usual

(%)

“Unprecedented”
5-sigma events
(1 in>3 mio years)

100E 140E

(%)

100°E 4o

Data source: ISI-MIP database (Warszawski et al. 2014, PNAS)
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FRANCESCO

- ENCYCLICAL LAUDATO SI'
~ AUDATO x Published 18 June 2015 &

Meeting of the Pontifical Academy of Sciences
at the Vatican, November 2016
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T

Bild: Pontifical Academy of Sciences
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COMMENT

ASTROBIOLOEY A profile of the HEALTH Documentary traces
indomitable woman at ¥ the roots and legacy ofa
)

the helm of SET] p596 piomeeringaid agency p59%8

THXDROMY Rebuttals on
bureaucracy, hypotheses,
conservation and more p.60g

EREREY Call for caution
following China's gas
hydrate extraction p58g

ing the world economy wil

ion from vast solar farms, such as this one in Nevada,

Three years to
safeguard our climate

Christiana Figueres and colleagues set out a six-point plan for
turning the tide of the world’s carbon dioxide by 2020,

Figueres, Schellnhuber et al. 2017, Nature

CO, emissions (Gt per year)

The Carbon Crunch

20Y16 54 Delaying the peak by

a decade gives too
little time to transform
the economy.
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*Data from The Global Carbon Project.

Figueres, Schellnhuber et al. 2017, Nature
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The Blue Marble: New NASA Satellite Image

Y e

Image taken by NASA space probe "Lunar Reconnaissance Orbiter" on 12 October 2015
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