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Im Klimaspiegel:
Das Neue Narrativ der Moderne

Prof. Dr. Dr. h.c. Hans Joachim Schellnhuber

Direktor Emeritus, Potsdam-Institut fiir Klimafolgenforschung (PIK);
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Das Holozan der Revolutionen

Neolithische Revolution < » Industrielle Revolution
Beginn ~ 10 000 v.Chr.
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James Watts Dampfmaschine (1765)
Richard Arkwri ghts Spinnmaschine (1769)

Weltbevt')lkerung (2050) ~ 9 Milliarden



Kalifornischer Goldrausch 1859

https://www.gettyimages.de/detail/nachrichtenfoto/chinese-workers-panning-for-gold-in-california-a-man-nachrichtenfoto/3206929?adppopup=true



Die C-Story der menschlichen Zivilisation

Cumulative human carbon dioxide emissions [Mt C]
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Data Source: CDIAC 2016 (Andres, R.J., T.A. Boden, and G. Marland. 2016) Bathymetry: NASA, Earth Observatory Animation: PIK 2016




Historische Erste globale

Entwicklung der Temperaturrekonstruktion fur
CO; -Konzentration die vergangenen 11000 Jahre
2018: 410 ppm '
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Globale Durchschnittstemperatur 1850-2018
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GloRal Warming of 1.5°C

"Every half degree of warming matters" said
IPCC Chair, Hoesung Lee on the Special
Report on Global Warming of 1.5°C 15
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Risiken am Horizont: Kippelemente im Erdsystem

__ Arktisches Mee

m= Elemente der Kryosphare Bevolkerungsdichte [Personen pro km?]
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PIK, nach Lenton et al. 2008



Das Schlangeln des Jetstreams

Animation NASA Goddard Space Flight Center




Petoukhov Effekt:
Wetterextreme durch stehende Rossby-Wellen

| Krimmung evoziert Bildung von Extreme
Polarer Hoch- und stehenden Wetterereignisse
Jetstream Tiefdruckgebiete Rossby-Wellen (Bsp. 2018)

Petoukhov et al., PNAS, 2013
Graphik: Mann, M., Scientific American, 2019
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Figure 3. Composite plots of wave-7 events: arecurrent teleconnection. (a) Composite plot of surface temperature anomalies over the
NH mid-latitudes (30°N—67.5°N) during weeks of high wave-7 amplitudes (>1.55, N: 43 weeks, see table S1) in summer (JJA) over
the NH mid-latitudes (30°N-67.5°N) observed over the period 1979-2017. (b) 300 mb meridional wind speeds (northward: red;
southward: blue) during those events. The filled stipplingin (a) and (b) indicates grid-cells with significant deviations from JJA
climatology usinga significance test that accounts for the false discovery rate (FDR) associated with multiple testing [25], while the
grid-points marked with hollow stippling indicate local significance.

Quelle: Kornhuber et al. 2019



Stiarkere Belege fiir Abschwachung des
Golfstromsystems

https://doi.org/10.1038/s41586-018-0006-5

Observed fingerprint of a weakening
Atlantic Ocean overturning circulation

L. Caesar"2#, S. Rahmstorf"2#, A. Robinson"3*3, G. Feulner! & V. Saba®

The Atlantic meridional overturning circulation (AMOC)—a system of ocean currents in the North Atlantic—has a
major impact on climate, yet its evolution during the industrial era is poorly known owing to a lack of direct current
measurements. Here we provide evidence for a weakening of the AMOC by about 341 sverdrups (around 15 per cent) since
the mid-twentieth century. This weakening is revealed by a characteristic spatial and seasonal sea-surface temperature
‘fingerprint’ —consisting of a pattern of cooling in the subpolar Atlantic Ocean and warming in the Gulf Stream region—
and is calibrated through an ensemble of model simulations from the CMIP5 project. We find this fingerprint both
in a high-resolution climate model in response to increasing atmospheric carbon dioxide concentrations, and in the
temperature trends observed since the late nineteenth century. The pattern can be explained by a slowdown in the AMOC
and reduced northward heat transport, as well as an associated northward shift of the Gulf Stream. Comparisons with
recent direct measurements from the RAPID project and several other studies provide a consistent depiction of record-
low AMOC values in recent years.

CM2.6 2xCO, CM2.6 control HadISST data
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Caesar et al. 2018, Nature
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Temperature anomaly (C)

Kipp-Punkte relativ zur 2°C-Leitplanke
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Weltkarte potentieller Kippelemente

Tipping elements atrisk:
 1°C-3°C
O 3°C-5°C
® >5°C

Steffen et al, 2018, PNAS



zukiuinftiges Klima

Temperaturentwicklungen der letzten 65 Mio
Jahre und potentielle geohistorische Analoge fiir
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CO,-Konzentration und Sonneneinstrahlung
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CO,-Konzentration und Sonneneinstrahlung
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Munich Security Conference,
Munich, 16 February 2019

Is This How Our Civilization Ends?

Professor H. J. Schellnhuber CBE
Director Emeritus, Potsdam Institute for Climate Impact Research;
Member of the German Advisory Council on Global Change (WBGU);
Member, Pontifical Academy of Sciences
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Wenn das ganze Eis schmilzt

.Seoul

L J
Qingdao

e Shanghai

TR O P L
N 2 3
M

g ‘w.\
er/ >

ot

g g

e .A ;,’ -

§ AT

KWeT. Tore OlKata
A

N

5

Karachi.

@
sl
.

.

Mumbai. L
(Bombay)

Colombo®*

= (Calcutta),

r 4

Dhaka’
%

)

¥ Yangon
(Rangoon)
@ i e

\g o
21 g

L
Hong Kong

N
Manila

‘~:< o‘ a

_ Bangkok' .Phnom Penh

L J
Ho Chi
Minh City

.Kuala Lumpur

e
~~Singapore

Jakarta
o -

i

National Geographic, 2013




Klimafolgen konnen die menschliche
Thermoregulationskapazitat tiberschreiten

Geographical distribution of deadly climatic conditions under different emission scenarios.
a Historical c RCP 45
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Number of days per year above deadly threshold
Mora et al. 2017, Nature Climate Change




Klimafolgen und potentielle Migrationsrouten
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-Armed -conflict risks enhanced by climate-related
— disasters in ethnically fractionalized countries

M Carl-Friedrich Schleussner®®<', Jonathan F. Donges®¢, Reik V. Donner?, and Hans Joachim Schellnhuber®®’

untry Groupings
- CONFL
M e
B o
I conFL & EF
I GinNi s CONFL
W G &EF
|

Mapping of countries according to different analysis criteria including
countries with more than one conflict (CONFL), the 50 countries with the
highest Gini coefficient (GINI), as well as the 50 countries with the highest
ethnic fractionalization (EF).
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Image: S. Salgado, Exodus



Managed Global Migration
in a +2°C-World?

 Immigration Quota

According to National Cumulative Emissions?

- Nansen Passport for Climate Refugees?

-  Global Green Card?
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Fridtjof Nansen (1897)
Pionier der Polarforschung
Trager des Friedensnobelpreises




Policies of China, Russia and Canada
threaten 5C climate change, study finds

Ranking of countries’ goals shows even EU on course for more
than double safe level of warming

3.5

Warming in “C (50% likelihood)

The Guardian 16 November 2018



Energiewende in Deutschland

80%

Es ist zu erwarten, dass Erneuerbare zunachst
Atomenergie und spater fossile Energie 65%
ersetzen werden.

50% /7 \
Future share of renewables —
concept of the Federal
Government, 2010
Share of energy sources in gross power generation in Germany (in percent) 359%
311 343
30¢ " I g I B
27.7
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36 Others

2040 2050

Quellen: Bundesregierung; Bundesumweltministerium; Umweltbundesamt; Statistisches Bundesamt; Statistische Landesémter; Bundesanstalt fiirGeowissenschaften und Rohstoffe; Deutsche Energie-Agentur
(dena); eigene Berechnungen

Aktualisierung bis 2019 durch PIK nach BMWi: Zahlen und Fakten — Energiedaten (2019). FAZ, June 2011; updated 2019
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Kommission Wachstum,
Strukturwandel und Beschaftigung

EXS |

Ergebnisse:

WU un »
1o

Ausstieg aus der Kohleverstromung bis
spatestens 2038, ggf. 2035

Al 1

~ “Kommission ,,Wachstum
* Einigung auf einen Ausstiegspfad:

e 2022: 15 GW Braunkohle + 15 GW
Steinkohle (minus 12,7 GW ggii. 2017)

e 2030: 9 GW Braunkohle + 8 GW
Steinkohle (stetiger Reduktionspfad ab
2022 angestrebt)

* Umfassende Unterstiitzung der betroffenen
Bundeslander: €40 Mrd. iiber 20 Jahre

* Weitreichende MaRRnahmen fiir Beschaftigte
und moglichst einvernehmliche Losungen mit

Kraftwerksbetreibern

* Umfangreiche Strompreiskompensationen
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European
Commission

FINAL REPORT

of the High-Level Panel
of the European Decarbonisation
Pathways Initiative
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Innovation




High-Level Panel of the European Decarbonisation
Pathways Initiative (HLP-EDPI)
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POLICY FORUM

CLIMATE POLICY

A roadmap for rapid

decarbonization

Emissions inevitably approach

By Johan Rockstrom,' Owen Gaffney,"?
Joeri Rogelj,** Malte Meinshausen,**
Nebojsa Nakicenovic,* Hans Joachim
Schellnhuber”

SCIENCE sciencemag.org

zero with a “carbon law”

pose framing the decarbonization challenge
in terms of a global decadal roadmap based
on a simple heuristic—a “carbon law”—of
halving gross anthropogenic carbon-diox-
ide (CO,) emissions every decade. Comple-

The road to global decarbonization must involve
renewable energy, as from these wind turbines in
Germany, and improved transportation technologies.

sistent with the trajectory of the past decade
(see the figure, bottom left). All sectors (e.g.,
agriculture, construction, finance, manufac-
turing, transport) need comparable transfor-
mation pathways. In addition, in the absence
of viable alternatives, the world must aim at
rapidly scaling up CO, removal by technical
means from zero to at least 0.5 GtCO,/year by
2030, 2.5 by 2040, and 5 by 2050. CO, emis-
sions from land-use must decrease along a
nonlinear trajectory from 4 GtCO,/year in
2010, to 2 by 2030, 1 by 2040, and 0 by 2050
(see the figure, bottom right). The endgame
is for cumulative CO, emissions since 2017 to
be brought back from around 700 GtCO, to
below 200 GtCO, by the end of the century
(see the figure, top) and atmospheric CO,
concentrations to return to 380 ppm by 2100
(currently at 400 ppm).

Roadmaps are planning instruments, link-
ing shorter-term targets to longer-term goals.
They help align actors and organizations to in-
stigate technological and institutional break-
throughs to meet a collective challenge. An
explicit carbon roadmap for halving anthro-
pogenic emissions every decade, codesigned
by and for all industry sectors, could help
promote disruptive, nonlinear technological
advances toward a zero-emissions world. The

24 MARCH 2017 « VOL 355 ISSUE 6331



The Transformation Roadmap

Decarbonization pathway consistent with Paris agreement
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Rockstrom et al., Science 2017



Real Photovoltaics Development vs. IEA Projections
Annual PV additions: historic data vs IEA WEO predictions

In GW of added capacity per year - source International Energy Agency - World Energy Outlook
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Graphik: https://www.pv-magazine.de/2017/12/01
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The underestimated potential of solar energy to
mitigate climate change

Felix Creutzig"?*, Peter Agoston’, Jan Christoph Goldschmidt?, Gunnar Luderer?, Gregory Nemet'>
and Robert C. Pietzcker*

The Intergovernmental Panel on Climate Change's fifth assessment report emphasizes the importance of bioenergy and carbon
capture and storage for achieving climate goals, but it does not identify solar energy as a strategically important technology
option. That is surprising given the strong growth, large resource, and low environmental footprint of photovoltaics (PV). Here
we explore how models have consistently underestimated PV deployment and identify the reasons for underlying bias in mod-
els. Our analysis reveals that rapid technological learning and technology-specific policy support were crucial to PV deployment
in the past, but that future success will depend on adequate financing instruments and the management of system integration.
We propose that with coordinated advances in multiple components of the energy system, PV could supply 30-50% of electric-
ity in competitive markets.
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100% Clean and Renewable Wind, Water,
and Sunlight All-Sector Energy Roadmaps
for 139 Countries of the World

Mark Z. Jacobson,'>* Mark A. Delucchi,? Zack A.F. Bauer,' Savannah C. Goodman,’

William E. Chapman,’ Mary A. Cameron,’ Cedric Bozonnat,' Liat Chobadi,® Hailey A. Clonts,’

Peter Enevoldsen,” Jenny R. Erwin,” Simone N. Fobi," Owen K. Goldstrom," Eleanor M. Hennessy, '
Jingyi Liu," Jonathan Lo," Clayton B. Meyer,"' Sean B. Morris," Kevin R. Moy, Patrick L. O'Neill,’
Ivalin Petkov,’ Stephanie Redfern,’ Robin Schucker,” Michael A. Sontag, ' Jingfan Wang,' Eric Weiner,'
and Alexander S. Yachanin'

100% IN 139 COUNTRIES

Transition to 100% wind, water, and solar (WWS) for all purposes
[electricity, transportation, heating/cooling, industry)

Residential
£ rooftop solar
14.89%

Salar plant
21.36%

Concentrated
solar plant
9.72%

[ Onshore wind
23.52%

4~ Offshore wind
& 13.62%

Commercial/govt
rooftop solar
11.58%

Wave energy
0.58%

PROJECTED
ENERGY MIX

Geothermal energy
0.67%

Hydroglectric
I I 4%

Tidal turbine
0.06%

JOBS CREATED 52 MILLION
JOBS LOST 27.7 MILLION

Using WWS electricity for everything, instead of burning fuel, and
impraving energy efficiency means you need much less energy.

2050 Demand with

2050 Demand with

business as usual

Joule

9
42.5%

F'%igg ;

Wind, Water, Sun

http://dx.doi.org/10.1016/j.joule.2017.07 005
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Radical transformation pathway towards

sustainable electricity via evolutionary steps

Dmitrii Bogdanov® ', Javier Farfan', Kristina Sadovskaia', Arman Aghahosseini® !, Michael Child® 1,

Ashish Gulagi’, Ayobami Solomon Oyewo1, Larissa de Souza Noel Simas Barbosa? & Christian Breyer@1

p?
Regional weighted average: 51.8 € MWh
L —
Solar PV Wind turbines Hydro power Technologies mix 25 375 50 62.5 75
based system based system based system based system Total LCOE (2050) [€/MWh]

Fig. 1: Main types of 100% renewable electricity systems based Fig. 2: Levelized cost of electricity for 100% renewable electricity
on their main source of electricity (>50% share of electricity systems in 2050. Numbers are calculated based on the
generation). If none of the technologies have a share exceeding generation mix for 2050 and financial and technical assumptions
50% defined as “Technology mix-based system” for all electricity system components.

Quelle: Bogdanov et al. 2019



The Transformation Roadmap

Decarbonization pathway consistent with Paris agreement
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Okosystem-Zerstorung
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UN Bericht zu Biodiversitat:
Eine Million Arten vom Aussterben bedroht
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A natural solution to the climate disaster

The ° Climate and ecological crises can be tackled by restoring forests and other valuable
Guardlan ecosystems, say scientists and activists

Salt marshes can stash carbon more than 40 times faster
than tropical forests

The natural world can help save us from
climate catastrophe

Ecological restoration can be a
powerful means of protecting
the atmosphere — we need to
rewild on a massive scale

Quelle: the Guardian 03.04.2019,
www.theguardian.com/commentisfree/2019/apr/03/natural-world-climate-catastrophe-rewilding
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THE WORLD'S

26 peopit’

OWN THE SAME WEALTH AS
THE 3.8 BILLION POOREST

THE WEALTH OF.THE SUPER RICH
GROWS GREATER WHILST WORLD
POVERTY BITES DEEPER.
TOGETHER WE CAN EVENIT UP.

ACT TODAY - FREE TEXT EVEN TO 70064

EVEN

Evening Standard, 11/4/2014

ITUP

Oxfam, 2019
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Figure 6: Ultra-high net worth individuals by region: 2018 and 2023
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Riickkehr des Nationalpopulismus

www.faz.net/aktuell/politik/thema/gelbwesten www.spectator.co.uk/2017/03/from-now-on-ill-greet-brexiteers-with-a-grin/

,Gelbwesten” in Paris ,,Brexiteers” in London



Charta von Athen (1933)

Novi Beograd
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Der Sand wird knapp

Gemessen am Volumen ist Sand die zweitgroldte gehandelte Ressource der
Welt. Doch sein Abbau schadet der Umwelt. Die Vereinten Nationen fordern
eine strengere Regulierung.

7. Mai 2019,10:36 Uhr / Quelle: ZEIT ONLINE, dpa, vk / 128 Kommentare

Sand and Sustainability:
Finding new solutions for
environmental governance environment

United Nations

of global sand resources Evironment Programne

Quelle: Zeit Online 07.06.2019, UNEP 2019



Individuelle Mobilitat:
Das gebrochene Versprechen
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Jakarta, Photographer: Bay Ismoyo/AFP/Getty Images



Globale Kreuzfahrtschiff-Emissionen,
2013-2015

Cruise ships can
emit as much
particulate matter
as one million cars
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Source: ICCT 2017


https://www.theicct.org/sites/default/files/publications/Global-shipping-GHG-emissions-2013-2015_ICCT-Report_17102017_vF.pdf

Malaysia — Ein Traumziel (fur Plastik)

T e e Bis Ende 2017: China

Januar - Oktober 2017

Exporte von Plastikmiill nach I\:;Iaysla
oot Ab 2018: Neues Importland
Malaysia * Malaysia — das wichtigste
Importland fir Plastik
[ J

lllegale Mullkippen und
Mullverbrennung sind
Gesundheitsrisiken fir die
Bevolkerung

Source: Stiddeutsche Zeitung 2019




Sackgasse Industrielle Landwirtschaft

yTierproduktion” ,Dust Bowls Everywhere”



Die Bessere Moderne

1. Zirkular —statt inflationar
2. Polyzentrisch —statt konzentrisch
3. Solidarisch —statt vorteilsgetrieben

4. Evidenzbasiert —statt machtgesteuert



Der Traum der digitalen Kreislautwirtschaft

CLOSING LOOPS

Using resources for the longest time possible could cut some nations’ emissions by
up to 70%, increase their workforces by 4% and greatly lessen waste.

USE DISTRIBUTION

Ownership
transfers from
manufacturer to
consumer at
point of sale.

Is controlled by
buyer-owner-consumers
of goods, or by fleet
managers who retain
ownership and sell
goods as services.

Resource losses

N partly recoverable

; by industrial
Research is needed to symbioses.
transform used goods
into ‘as-new’ and to
recycle atoms. MANUFACTURING

Renewing used
products lessens
the need to make
originals from

oOme
} } EXTRACTED RESOURCES %  scratch,

Water, energy and natural resources
enter the manufacturing process.

(Stahel, 2016)

=» Mehr Effizienz

3-D Druck
Internet der Dinge

Automatisierung der
Produktion

Automatisierung der
Dekonstruktion

=» Weniger Material- und Energieeinsatz

=» Besseres Monitoring der Materialstrome
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Budget 2000-2050

Mineral-based materials
(steel, cement, aluminum)

Mass timber + mineral-based materials

100 200 300 400 500 600 700 800 900 1000 1100 1200

Gt COzeq.

IPCC 2014, Olivier et al. 2017, Miller et al. 2013




Urban P '::‘ lyzentrism

Enlightenment Weimar / Jena

Renaissance Northern Italy

Greek Polis




Evolution of the EU-28 transport sector CO,
emissions in a 100% transport decarbonisation
scenario

1200

1000

800

600

400

200

0 —
2015 2020 2025 2030 2035 2040 2045 2050

® Inland navigation
m Aviation
~ Rail

w Heavy and light
trucks

m Cars, vans and
2wheelers

m Public road
transport

Source: Final Report, High-Level Panel of the
European Decarbonisation Pathways Initiative, 2018



Das Europaische Hochgeschwindigkeitsbahnennetz:
Ein Flickenteppich!

Wird sich dieser
Zustand dandern?

Bsp. BMVI: Keine
Erwahnung im
Aktionsplan
»Schiene*

Santigo Agoruia
de C

https://commons.wikimedia.org/wiki



A Tentative Dream Team?

Investment Required Abundance of Capital on
for Transformation Financial Markets
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WBGU-Sondergutachten: ”Entwicklung und

Gerechtigkeit durch Transformation:

Die vier grofen I”

Nachlasssteuer

CO,-Steuer
und Emissionshandel

|

l 30%

Transparenz

Transformativer Staatsfonds

(Zukunftsfonds)

40%

30%

Quelle: WBGU 2016



Zuruck zur “echten” Demokratie?

Losverfahren fiir 6ffentliche Amter
in der klassischen Antike

Klerotorion auf der Agora in Athen

Bild: Wikipedia



#Scientists4Future

N |
Eine gemeinsame Stellungnahme Deutscher, Osterreichischer und
Schweizer Wissenschaftlerinnen und Wissenschaftler

Die Anliegen der demonstrierenden jungen
Menschen sind berechtigt

ES
"Es gibt keine Ausreden mehr" DER TAWGQQS,NPIEGEL

Die Schuler-Initiative "Fridays for Future" bekommt Verstarkung: Nun haben sogar 12.000
Wissenschaftler eine Resolution unterschrieben, um sie zu unterstutzen. von amy waLKER

guardian
Youth climate strikers: "We are going to
change the fate of humanity’

Exclusive: Students issue an open letter ahead of global day of
action on 15 March, when young people are expected to strike
across 50 nations




Treftfen der Pontifikal-Akademie der
Wlssenschaften im Vatlkan, November 2018

Picture: Pontifical Academy of Sciences



