Treiber des Klimawandels...

und was wir dagegen unternehmen konn(t)en

Prof. Dr. Mark Lawrence

Geschaftsfuhrender wissenschaftlicher Direktor
Institute for Advanced Sustainability Studies e.V. (IASS)
Institut flr Transformative Nachhaltigkeitsforschung
WWWw.iass-potsdam.de

Honorarprofessor in Geodkologie
Universitat Potsdam

u @mark_g_lawrence

1 KLIMAkademie, Universitat Mainz, 1. August, 2022




Globale Erwarmung — ein Aspekt des Klimawandels \)}

Global Mean Estimates based on Land and Ocean Data
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Globale Erwarmung — ein Aspekt des Klimawandels J}

Global Mean Estimates based on Land and Ocean Data
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Im langzeitigen Kontext
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Im langzeitigen Kontext

Isotope records of Ice Ages
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Globale Erwarmung — ein Zeichen des Anthropozans?

2000. IGBP Scientific Committee meeting, Cuernavaca, Mexico
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Vielfaltige Auspragungen des Klimandels

Anderungen in Extremereignissen (inkl. Hitzewellen,
Gewitter, Diirren, Uberflutungen usw.)

« Veranderung der durchschnittlichen Niederschlage

« Schmelzen von Eisschilden und Gletschern

« Anstieg des Meeresspiegels

« Verschiebung von Klimazonen

« Gesundheitsauswirkungen (direkt und indirekt)

« Sozio6konomische Auswirkungen und politische Spannungen

« ...und viele weitere Auswirkungen...

i ipcc ipcc
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Uberblick

« Die Wissenschaftliche Basis
ﬂ — CO, und der Treibhauseffekt
— Luftverschmutzung als weiterer Klimawandeltreiber

— Klima-Geoengineering Konzepte
» Die Politische Lage

« Die (mogliche) Rolle des Einzelnen
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Planck’'sche Schwarzkorper-Strahlung \))
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Sonneneinstrahlung im Vergleich zu

terrestrischer Strahlung g)

Planck’'sche
Schwarzkorper-
Strahlung fur die
Sonne und Erde
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Absorptionsvermogen von atmospharischen Gasen

100%
Nitrogen
N,
0%
100% v
Oxygen and
ozone
O, and O,
0%
> 100% ‘ Vv
;;%; Garbon dioxide
S
;ﬁ 0% _HJ

100%

Water vapor II J\I\[\j L

2

0%
Langwellige Strahlung
wird sehr effektiv von
Wasserdampf und CO,
absorbiert, auBer im

100%

0%

: 1.

02 0304 06081

0.1 .
ey ——— “atmospharischen
isible Wavelength (wm) mospheric
radiation window for Fenster”

infrared radiation

16 Abbildung: Lutgens and Tarbuck, 2009



Strahlungsenergiehaushalt zwischen

Atmosphare und Erde o
Reflected solar Incoming 235 Outgoing
L] radiation 342 solar |or:jgv:ave
2 radiation radiation
\ g J 342 Wni2 r 235 Wni?
Reflected by clouds,
aerosol and / f
atmospheric Emitted by 40

atmosphere /165 Atmospheric

window
\ Emitted by clouds
Absorbed by

gases
77

Greenhouse
gases

67 atmosphere /
324
Reflected by Back
surface radiation

17 Abbildung: Kiehl und Trenberth, 1997




Erwarmung bis Ende des Jahrhunderts:
~ Abhangigkeit von kumulativen CO, Emissionen

Temperature anomaly relative to 1861-1880 (°C)
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18 Abbildung: IPCC AR5 Synthesis Report, Summary for Policy Makers, 2014
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Erwarmung bis Ende des Jahrhunderts:

~ Abhangigkeit von kumulativen CO, Emissionen

Temperature anomaly relative to 1861-1880 (°C)
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Uberblick

« Die Wissenschaftliche Basis
— CO, und der Treibhauseffekt
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Luftverschmutzung als weiterer Klimawandeltreiber \)}

SLCPs:
Short- ,Kurzlebige
Lived » |Klimawirksame |}
Climate-forcing | Schadstoffe*
Pollutants
Gase: » Aerosolpartikel:
— Methan (CH,) — RuB = ,black carbon™ (BC)
— 0Ozon (05) — Sulfat (S0,%)
—  Fluorkohlenwasserstoffe (FKWs) — Nitrat (NO5")
— Stickoxide (NO,) — Ammonium (NH,*)

— Kohlenmonoxid (CO)
— Flichtige organische Verbindungen (VOC)
— Schwefeldioxid (SO,)
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Luftverschmutzung als weiterer Klimawandeltreiber \)}

SLCPs:

Short- ,Kurzlebige
Lived » |Klimawirksame |}
Climate-forcing | Schadstoffe*
Pollutants

Abfrage: Wie stark ist die Erwarmung
durch kurzlebige klimaerwarmende Gase
und Aerosolpartikel (E, 4ere) iMm Vergleich
zur Erwarmung durch CO, (E;p,)?

a) Eandere ~ 0.1 ECOZ
b) Eandere ~ 0.5 ECOZ

C) Eandere ~ EC02
d) Eandere N 2 ECOZ
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Globaler gemittelter Strahlungsantrieb

1750 bis 2005
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Globaler gemittelter Strahlungsantrieb
1750 bis 2005
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Erinnerung.: Absorptionsvermogen von Gasen
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Globaler gemittelter Strahlungsantrieb

1750 bis 2005
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SLCPs: Short-Lived Climate-forcing(Pollutants \\))

« Extensive Auswirkungen auf die Gesundheit: \% o i
- Filter fir Ozonmessgerat

— Herzkreislauf- und Atemwegskrankheiten (Durchfluss ~16 I/Min.)

— Krankheiten des Nervensystems

— Krebs (bes. Lungenkrebs)

— Tragt zu mehreren Millionen vorzeitigen Todesfallen pro Jahr bei
(WHO, 2014, 2017; Lelieveld et al., 2015; etc.)

— Haupt-Umwelt-Ursache von Mortalitat weltweit, noch vor
unsauberem Wasser und fehlenden Sanitaranlagen (OECD, 2014) ...und nach 24h
in Kathmandu!

»

« Auswirkungen auf Vegetation und andere Okosysteme:

— Ernteverluste Ubersteigen 50% in einigen Regionen
— Mehrere Milliarden Euro Verluste jahrlich allein in Europa

 Reduzierte
Sichtweite

Bilder: Khadak Mahata,
Dipesh Rupakheti, Bhogendra
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Effektive Lebensdauer

SLCPs:(Short-Lived)Climate-forcing Pollutants \))
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- y
Monate | [ Gase: ) o o 1)
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regional hemispharisch global

Geographische Ausdehnung
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SLCPs: Short-Lived Climate-forcing Pollutants

CO, Emissionen:
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Hauptquellen von RuB3 (Beispiele)

_ Holzverbrennung in Landwirtschaftliche
Biomasse-Kocher Kaminen und Ofen Abfallverbrennung Ziegeltfen

VIR e\ &
i\ ““‘i\,‘f“,l
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©UNEP Photos
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Handlungswirksamkeit: CO, und SLCPs (BC + CH,) g>

Alle MaBnahmen, aber mit 20 Jahren
Verzogerung der CO, Reduzierung
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32 Diagramm: UNEP, 2011; Shindell et al., 2012



Handlungswirksamkeit: CO, und SLCPs (BC + CH,)

S/

COMMENT

CLIMATE Cloud modelling
needs collaborative global
computing power p.338

\S/PANOS

SANJIT DAS,

BEOLOBY A history of how we ‘ GEMETICS A biography of
got to grips with Earth's

great age p.340 W L gene p.34l

P53, the tumour-suppressor

EVOLUTION Updates to theory
must encompass microbes,
viruses and energy p.343

A woman in Jharkhand, India, burns raw coal into charcoal, which emits toxic gases that harm her health and affect the climate.

Clean up our skies

Improve air quality and mitigate climate-change simultaneously,
urge Julia Schmale and colleagues.

fall on climate-change negotiations

at the 20th United Nations Frame-
work Convention on Climate Change
(UNFCCC) Conference of the Parties in
Lima, Peru. The emphasis will be on reduc-
ing emissions of long-term atmospheric
drivers such as carbon dioxide, the effects
of which will be felt for centuries. At the
same time, the mitigation of short-lived
climate-forcing pollutants (SLCPs) such as
methane, black carbon and ozone — which
are active for days or decades — must be
addressed (see ‘Compounds of concern’).

Iu December, the world's attention will

SLCPs cause poor air quality and are
responsible for respiratory and cardiovascu-
lar diseases. Particulate matter in the atmos-
phere is the leading environmental cause of
ill health, and air pollution is causing about
7 million premature deaths annually’. Inter-
actions between warming, air pollution and
the urban heat-island effect (which causes
cities to be markedly warmer than their
surrounding rural areas) will raise health
burdens for cities worldwide by mid-century’.
Air pollution also damages ecosystems and
agriculture.

Current air-quality legislation falls short.

Existing measures would prevent just
2 million premature deaths by 2040. We
estimate that around 40 million more such
deaths would be avoided if concentrations
of methane, black carbon and other air pol-
lutants were halved worldwide by 2030 (see
‘Clean air’).

This is not an ‘either-or’ decision:
coordinated action on both climate change
and air pollution is necessary. And it is trac-
table: for example, electric-car sharing or
shifting from fossil fuels to renewable power
generation would reduce consumption and
overall emissions and lead to behavioural &

20 NOVEMBER 2014 | VOL 515 | NATURE | 335

@ 2014 Macmillan Publishers Limited. All rights reserved

hmen, aber mit 20 Jahren
g der CO, Reduzierung
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33 Schmale et al., Nature, 20. Nov. 2014

Diagramm: UNEP, 2011; Shindell et al., 2012



Globaler gemittelter Strahlungsantrieb
1750 bis 2005
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34 Abbildung: IPCC AR5 Report, 2013
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Reaktionen auf den Klimawandel

Klimawandel

CO, und viele andere Treiber

Anpassung

Mitigation

Entfernung von
Kohlendioxid (CDR)

2
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CO,-Entfernung: Ein Aspekt des Klima-Geoengineering

; i
Lu.igmu I o

COMMUNICATIONS

REVIEW ARTICLE

OPEN
Evaluating climate geoengineering proposals in the
context of the Paris Agreement temperature goals

Mark G. Lawrence® 12, Stefan Schafer® 3, Helene Muri® %5, Vivian Scott® ©,
Andreas Oschlies® 7, Naomi E. Vaughan.‘i'?;'as, Olivier Boucher® °,
Hauke Schmidt® 19, Jim Haywood® "2 & Jirgen Scheffran® 13

Current mitigation efforts and existing future commitments are inadequate to accomplish the
Paris Agreement temperature goals. In light of this, research and debate are intensifying on
the possibilities of additionally employing proposed climate geoengineering technologies,
either through atmospheric carbon dioxide removal or farther-reaching interventions altering
the Earth's radiative energy budget. Although research indicates that several technigues may
eventually have the physical potential to contribute to limiting climate change, all are in early
stages of development, involve substantial uncertainties and risks, and raise ethical and
governance dilemmas. Based on present knowledge, climate geoengineering techniques
cannot be relied on to significantly contribute to meeting the Paris Agreement temperature

goals.

37 Lawrence et al., Nature Communications, 2018



Vorschlage zur Entfernung von Kohlendioxid (CDR) | /5%

a

1 | Large-scale afforestation
2 | Bioenergy with carbon capture
and storage (BECCS)

3 | Biochar production and burial
4| Soil carbon enrichment
5| Ocean iron fertilisation (OIF)
6| Enhanced weathering and
ocean alkalinisation
7 | Direct air CO; capture and storage (DACCS)
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Abbildung: Lawrence et al., Nature Communications, 2018



Vorschlage zur Entfernung von Kohlendioxid (CDR) \))

a b

CDR Zusammenfassung

CH,, BC,  Einige vorgeschlagene Techniken
— konnten bis 2100 mehrere hundert
™ \ ¢ Gt(CO,) entfernen, aber...

« teuer (voraussichtlich ca. $100/ton CO,)

« umfangreiche Infrastruktur- und
Energieanforderungen

o‘ « Klimarelevante CO, Reduktion
| hochstwahrscheinlich erst nach ~2050

1 | Large-scale afforestation

5| By wit Corfion S « erhebliche Unsicherheiten und Neben-

and storage (BECE) wirkungen (6kologisch sowie sozial)
3 | Biochar production and burial

4| Soil carbon enrichment

5| Ocean iron fertilisation (OIF)

6| Enhanced weathering and
ocean alkalinisation

7 | Direct air CO; capture and storage (DACCS)

39 Abbildung: Lawrence et al., Nature Communications, 2018



Vorschlage zur Entfernung von Kohlendioxid (CDR) | \))

a b

CH,, BC, \f

Das wirft naturlich die
Frage auf:

Konnte sonst noch
etwas getan werden?

1 | Large-scale afforestation

2 | Bioenergy with carbon capture
and storage (BECCS)

3 | Biochar production and burial

4| Soil carbon enrichment

5 | Ocean iron fertilisation (OIF)

6| Enhanced weathering and

ocean alkalinisation
7 | Direct air CO; capture and storage (DACCS)

40 Abbildung: Lawrence et al., Nature Communications, 2018



Reaktionen auf den Klimawandel J}

Klimawandel

CO, und viele andere Treiber

Mitigation

Py

Py

Anpassung

Entfernung von

Strahlungsantrieb-

Kohlendioxid (CDR) Geoengineering (RFG)*
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* a.k.a. “Solar Radiation Management (SRM)”
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Erinnerung. Strahlungsenergiehaushalt

zwischen Atmosphare und Erde o
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2 radiation radiation
\ 107 Wm J 342 Wrri2 r 235 Wni2

Reflected by clouds;
aerosol and
atmospheric

Emitted by
atmosphere /165

Atmospheric
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43 Abbildung: Kiehl und Trenberth, 1997

\ Absorbed by

67 atmosphere

R

eflected by /

surf




Vorschlage fur Strahlungsantrieb-Geoengineering '~ - - Q)

a b c
2 RFG
CH,, BC, h}gﬁ
Q.. e, \, v
. - .
10
oAl CDR adiP
“v e @
' §
2 6
1 3

ﬁg 12

CCS
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Vorschlage fur Strahlungsantrieb-Geoengineering

RFG Zusammenfassung

» Einige atmospharische Techniken kdnnten den Planeten
schnell abkilinlen, moglicherweise auch zu geringen
Implementierungskosten (< 100 Mrd €/Jahr), aber...:

« Viele Unsicherheiten: Technologie, Effektivitat,
Nebenwirkungen

« Inhomogene regionale Auswirkungen auf Temperatur
und Niederschlag

« Ablenkung von anderen Auswirkungen durch erhdhtes
CO, (z.B. Versauerung der Meere)

«  Zahireiche ethische Bedenken, schwierige Governance

= wesentlicher Beitrag durch RFG wahrscheinlich erst in
zweiter Halfte des Jahrhunderts tiberhaupt mdglich
(also zu spat um zum 2°C Ziel wesentlich beizutragen...

...ausgenommen “UberschieBen”*) 8 | Space mirrors
9 | Stratospheric aerosol injection (SAl)

10 | Cirrus cloud thinning (CCT)
| 11| Marine sky brightening (MSB)

(* Wortlaut des Pariser Klimaabkommens: “Holding the increase in | 12| Surface-based brightening
the global average temperature to well below 2 °C...")

45 Abbildung: Lawrence et al., Nature Communications, 2018



=»Haufig zusammengefasst als

“Klima-(Geo-)Engineering”

2

Klimawandel

CO, und viele andere Treiber

Anpassung

Mitigation

Gemeinsamkeit:
werden beide zu

Komponenten einer Entfernung von

“Sociotechnical o
Imaginary”? Kohlendioxid (CDR)

Strahlungsantrieb-
Geoengineering (RFG)
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Uberblick

« Die Wissenschaftliche Basis
— CO, und der Treibhauseffekt
— Luftverschmutzung als weiterer Klimawandeltreiber

— Klima-Geoengineering Konzepte

=) - Die Politische Lage

* Die (mogliche) Rolle des Einzelnen

Fragen zum bisherigen Teil?
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Relevante Entwicklungen der letzten Jahren \)}

Die letzten 7 Jahren waren die warmsten der Menschengeschichte
Entstehung der globalen Jugendbewegung fur Klimaschutz

Viele Versprechen (Lander und Unternehmen) flr CO,-Neutralitat
oder gar “Klimaneutralitat”

Die COVID-19 Pandemie

Der Krieg in Europa (...sowie weitere Kriege in anderen Regionen)

» insbesondere Auswirkungen auf den Energiesektor, sowie auf Vertrauen in
internationale Abkommen (wie das Pariser Klimaabkommen)
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Klimaverhandlungen: COP21 (Paris, Dez. 2015)
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Klimaverhandlungen: COP26 (Glasgow, Nov. 2021)
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Das Pariser Abkommen

CLIMATE CHANGE

Promises and perils of the Paris Agreement

A truly democratic global climate politics is needed

By Mark G. Lawrence'*
and Stefan Schiifer>*

n recent decades, climate change has

increasingly been framed as a problem

of the global mean temperature. This is

reflected in the 2015 Paris Agreement’s

goal to keep the global mean surface tem-

perature well below 2°C above the pre-
industrial mean and, if possible, to limit the
increase to 1.5°C. However, as lemperatures
continue to rise, these goals are quickly be-
coming less plausible. Climate science, poli-
tics, and activism thus stand to lose a familiar
framing device. At the same time, the Paris
Agreement has moved climate politics away
from a decades-long commitment to cen-
trally negotiated, legally binding emission re-
duction targets by introducing a democratic
innovation: Under the Paris Agreement,
member states decide individually, in the
form of nationally determined contributions
(NDCs), what actions they will commit to
taking toward the common goal of climate
risk reduction. This institutional innovation
offers a much-needed source of democratic
renewal for global climate politics,

An important component of the global
mean temperature framing is the concept
of emission budgets, which is based on the
finding that the anticipated increase in global
mean surface temperature is roughly propor-
tional to the cumulative CO, emissions since
preindustrial times (I). According to climate
model calculations (2), to have even a 50%
probability of staying under 1.5°C, global net
CO, emissions would have to decrease by
~5% per year, starting now; this is in stark
contrast to the average global increase of
nearly 2% per year over the past several de-
cades. Keeping global warming below 2°C
would require a reduction of CO, emissions
by ~3% per year (1, 3).

Such a rapid decrease of CO, emissions
would require extensive societal, industrial,
technological, and other transformations.
Yet such global transformations are not
collectively reflected in the current NDCs.
‘To date, 195 countries have signed the agree-

!institute for Advanced Sustainability Studies (JASS). Potsdam,
Germany. “Institute for Environmental Sciences and Geography.
University of Potsdam, Potsdam, Germany. *Program

on Science, Technology and Society, Harvard University,
Cambridge, MA, USA. “Institute for Science, Innovation and
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ment, and 183 have submitted NDCs. Even if
all these countries were to fulfil their NDCs,
global CO, emissions would stay about the
same or even increase slightly until at least
2030 (4, 5). This means that the cumula-
tive emissions budget consistent with 1.5°C
global warming is likely to be exhausted by
about 2030. With an uncertainty of about
+10 years, the budget could already be ex-
hausted now, or at best we may have until
about 2040 (&). This situation is made even
more acute by the possibility that some
countries will not meet their NDCs and that
others such as the United States may end up
pulling out altogether.

As greenhouse gas emissions and global
temperatures continue to rise, scenario
models, which scientifically underwrite

tion and bioenergy with carbon capture and
storage (BECCS) (2, 7).

Although it is possible to reduce or even
eliminate the reliance on CDR in scenarios,
this requires assuming even more extensive
global transformations than are already as-
sumed in combination with CDR, including
low-meat diets, less COintensive transport,
and less intensive use of heating, cooling, and
domestic appliances (8, 9). The less extensive
and less rapid these assumed transforma-
tions are, the more modelers must invoke
CDR to meet ambitious temperature goals,
resulting in net negative CO, emissions later
in the century (see the figure).

Several proposed CDR techniques may
eventually be capable of removing several
hundred gigatons of CO, by the end of this

Achieving ambitious global temperature goals appears increasingly implausible, but the Paris Agreement,
agreed in 2015, nevertheless offers hope by promising a more democratic climate politics.

confidence in the achievability of the Paris
temperature goals, must rely on increas-
ingly unrealistic assumptions about the fu-
ture transformations that would be needed.
This includes a problematic reliance on
future technologies that are either hypo-
thetical or would need to be implemented
at unprecedented scales. Such technologies
include renewable energies, new mobility
structures, and laboratory-based agricul-
ture. They also include proposed techniques
(see the figure) to remove CQ, from the at-
mosphere at climate-relevant scales, known
as carbon dioxide removal (CDR) or nega-
tive emissions technologies. CDR is now
a standard aspect of calculations of how
to keep global mean temperature rise in
check and is nearly ubiquitously included
in scenario models, normally through an
assumed combination of massive afforesta-

century (3, 10, 11). However, investigating,
testing, and developing any of the techniques
up to a climate-relevant scale would take de-
cades, and large-scale use might not ever be
feasible because of scientific, technical, and
societal constraints (3, 12). Furthermore,
although the introduction of CDR into the
overall energy system might eventually help
drive energy prices down and accelerate the
transition to renewables, this is projected to
not occur until later in the century (13).
Thus, CDR cannot be relied on to contrib-
ute substantially to limiting global warming
over the next several decades, which is the
timescale relevant for achieving the Paris
Agreement temperature goals, Some scenar-
ios compensate for longer timescales until
net negative emissions become possible by
allowing for an “overshoot” of CO, and as-
sociated global mean temperature that is
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later compensated by even greater amounts
of mitigation and CDR. However, such over-
shoot scenarios present a antial ad-
ditional climate risk, and it is not clear at
all why a continued lack of progress in the
present should be followed by much greater
progress in the future. Taken together, these
considerations make the Paris temperature
goals increasingly implausible.

Global temperature goals can be useful as
a means for orientation and for evaluating
plans for mitigating climate change. Further-
more, including the 1.5°C goal in the Paris
Agreement helped Lo recruit the support of
nations that are particularly vulnerable to
climate change. And many hope that empha-
sizing the s of surpassing even 1.5°C of
warming, as described in the recent Intergov-
ernmental Panel on Climate Change (IPCC)

emerges from culturally embedded nego-
tiations and practices, organized around
specific moral attachments and procedural
commitments. These play out more within
the institutional and moral fabric of nation
states, cities, religious communities, cultural
groups, and other forms of social organiza-
tion and affiliation, than in the institutions
of global governance. It is of course possible
for the NDCs to be seen as just another goal
that politicians sel Lo appease certain inter-
est groups and voter demographics, without
a serious concept of how to make the inten-
tions actionable. However, the NDCs gener-
ally contain specific provisions for action
and are more closely connected to systems of
representation and accountability. This com-
bination of solution orientation and demo-
cratic decision-making is likely to give them

How hypothetical technologies shape climate scenarios
Most climate model scenarios rely on carbon dioxide remaval (CDR) technologies to limit future temperature rises.
Reliance on these technologies in models is problematic because they remain untested at the required scales.

Ilustrative CO, emissions scenarios

-10 Negative net
emissions regime

Global CO, emissions (Gt(CO,)/year

=20

{  CDRmethods

Large-scale afforestation

y Bioenergy with carbon capture
and storage (BECCS)

]
q Ui
‘ Biochar production and burial
X Soil carbon enrichment

=27
QOcean iron fertilization (OIF)

2t
A Enhanced weathering and
ocean alkalinization

Direct air CO, capture and

2000 2050

special report (2), will help motivate real ac-
tion on climate change mitigation.

At the same time, global temperature
goals are attractive for politicians because
they can allow political purposes to be ful-
filled without necessarily having any spe-
cific actions follow from their adoption
(I4). Global temperature goals draw much
of their authority from computer generated
seenarios of sweeping global transformation
in the future. Such planned, global transfor-
mative change may work in models, but the
real world knows no single global planner
to steer such processes and no global mean
justice on which to base such transforma-
tive change. Global temperature goals thus
lack grounding in democratic politics.

The NDC approach, on the other hand,
understands that actionable knowledge

830 51 MAY 2019 + VOL 364 1SSUE 6443

2100 storage (DACCS)

much more traction in local contexts.

The promise of the Paris Agreement con-
sists of two key recognitions, represented in
the NDCs. First, abstract universal concepts
such as global temperature goals and emis-
sion budgets, combined with centralized
negotiations on binding emission reduction
commitments, have failed to provide an ad-
equate basis for substantial progress toward
limiting climate change. Second, greater con-
sideration needs to be given to culturally spe-
cific modes of reasoning that give meaning to
knowledge and play out more at local than
global levels (15). This opens up possibilities
for more democratic engagement around
what forms specific transformative efforts
should take. Furthermore, it allows the mul-
tiple meanings that climate change has in dif-
ferent local contexts to be articulated, along

with the difficult and locally specific social
and political questions il poses.

Introducing the NDCs has not vet led to a
collective set of national ambitions that are
commensurate with the Paris Agreement
temperature goals and may never do so. Nev-
ertheless, the NDC approach can contribute
strongly to developing the landscape of dem-
ocratic global politics, with support from new
transdisciplinary approaches that capitalize
on connecting the range of forms of knowl-
edge—such as scientific, humanist, political,
religious, and indigenous. It is the democratic
character of the Paris Agreement, with its rec-
ognition of multiplicity and local context, that
can reanimate global climate pol . per-
haps even still before ambitious temperature
targets fade completely out of reach. And if
societies do end up living in a world in which
global warming far exceeds 2°C by 2100—
which is no longer unlikely, independent of
what approach is taken—then it would be
far better to do so with a functioning set of
democratic global institutions, rather than
clinging to fantasies about centralized, de-
tached steering leading to sweeping global
transformations, despite decades of experi-
ence providing evidence of the implausibility
of such an approach. In the end, fostering the
virtues of democratic governance will also im-
prove the ability of societies to cope with the
difficult situations they will face in a world
experiencing the increasingly challenging im-
pacts of climate change.
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CO, Budget

Global Mean Estimates based on Land anld Ocean Data

—s— Annual Mean
1.0 }|=—— Lowess Smoothing
LSAT+SST Uncertainty

0.5}

0.0}

ca. 600-700 Gt CO, Emissionen
fihren zu ca. 0,5°C Erwarmung
(IPCC, 2013)

—-0.5} NASA/GISS/GISTEMP v41
1880 1900 1920 1940 1960 1980 2000 2020

Temperature Anomaly w.r.t. 1951-80 (°C)

Gegenwartige globale CO, Emissionen: ~40 Gt(CO,)/Jahr

Emissionen in 2030, wenn alle NDCs* erreicht werden?

52 *NDCs = “Nationally Determined Contributions” | https://data.qgiss.nasa.gov/gistemp/graphs/




CO, Budget \)}

Abfrage: wie groB3B werden die CO, Emissionen }eanPbata
in 2030 sein, WENN alle Nationen ihre aktuell
versprochenen Klimaziele (,,NDCs")
tatsachlich einhalten wiirden?

a) < 20 Gt(CO0,)/Jahr

b) 20 — 30 Gt(CO,)/Jahr ca. 600-700 Gt CO, Emissionen
c) 30 — 40 Gt(CO,)/Jahr fiihren zu ca. 0,5°C Erwarmung
d) 40 — 50 Gt(CO,)/Jahr IREE, Ah.g)

= U.JI’ NASA/GISS/GISTEMP v4

= 1880 1900 1920 1940 1960 1980 2000 2020

Gegenwartige globale CO, Emissionen: ~40 Gt(CO,)/Jahr

Emissionen in 2030, wenn alle NDCs* erreicht werden?

53 *NDCs = “Nationally Determined Contributions” | https://data.qgiss.nasa.gov/qgistemp/graphs/




CO, Budget \)}

Global Mean Estimates based on Land and Ocean Data

—=— Annual Mean
1.0 }|=—— Lowess Smoothing
LSAT+SST Uncertainty

0.5}

ca. 600-700 Gt CO, Emissionen
fihren zu ca. 0,5°C Erwarmung
(IPCC, 2013)

0.0}

Temperature Anomaly w.r.t. 1951-80 (°C)

—-0.5¢} NASA/GISS/GISTEMP v4 -
1880 1900 1920 1940 1960 1980 2000 2020
Gegenwartige globale CO, Emissionen: ~40 Gt(CO,)/Jahr ** Update: noch ca. 40

Gt(CO,)/Jahr in 2030

Emissionen in 2030, wenn alle NDCs* erreicht werden?

~40 — 50 Gt(CO,)/Jahr** Insbesondere: Chinas CO,
Emissionen (30% der glob.

und nicht erst “um 2030”

* in ~15 Jahren globale Erwarmung um 1,5°C (um ~2030) wie zuvor angegeben

* in ~30 Jahren globale Erwarmung um 2°C (bis ~2045-2050)

54 *NDCs = “Nationally Determined Contributions” | https://data.qgiss.nasa.gov/gistemp/graphs/




Szenarien fur globale Kohlendioxidemissionen J}
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Bei RCP2.6: 66% der Modelle bleiben unter 2°C bis 2100

55 Abbildung basierend auf Fuss et al., 2014



Szenarien fur globale Kohlendioxidemissionen J}

Data: CDIAC/GCP/IPCC/Fuss ét al 2014
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Es wird von negativen Nettoemissionen bereits ca. ab 2070 ausgegangen...
...mit erheblichen negativen Bruttoemissionen schon in den 2020igern...

56 Abbildung basierend auf Fuss et al., 2014



Szenarien fur globale Kohlendioxidemissionen

N/
Breakdown of contributions to global net CO2 emissions in four illustrative model pathways
Fossil fuel and industry @ AFOLU BECCS

Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCO2/yr) Billion tonnes CO, per year (GtCO2/yr)

40 40 _ P2 40 P3 40

20 20 204 20

-20 -20 20/ -20

2020 | 2060 2100 2020 2060 2100 2020 2060 2100 2020 20.60 2100

Aus dem IPCC Sonderbericht zu 1,5°C (2018)

= ALLE Szenarien schlieBen “negative Emissionen” schon ab 2030 ein, manche in
enormen Mengen schon ab 2040...

57 Abbildung: IPCC Special Report on Global Warmin of 1.5°C, Summary for Policymakers, 2018



Wie?!?




Erinnerung: Entfernung von Kohlendioxid (CDR) \))

da

CH,, BC,

b

CDR

@
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2 v Pebele
1 | Large-scale afforestation

2 | Bioenergy with carbon capture
and storage (BECCS)
3 | Biochar production and burial

Il
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CDR Zusammenfassung

 Einige vorgeschlagene Techniken
konnten bis 2100 mehrere hundert
Gt(CO,) entfernen, aber...

« teuer (voraussichtlich ca. $100/ton CO,)

« umfangreiche Infrastruktur- und
Energieanforderungen

 Klimarelevante CO, Reduktion
wahrscheinlich erst nach ~2050

« erhebliche Unsicherheiten und Neben-
wirkungen (0kologisch sowie sozial)

4| Soil carbon enrichment
5| Ocean iron fertilisation (OIF)
6| Enhanced weathering and
ocean alkalinisation
7 | Direct air CO; capture and storage (DACCS)
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Abbildung: Lawrence et al., Nature Communications, 2018




Forschung zu Klima-Geoengineering \)

Welche Rolle haben Wissenschaftler*innen?

« Informationen Uber Wirkungen und Nebenwirkungen < . MORAL
zur Verfugung stellen (analog: Medizin) N\HAZARD

[
« GroBe Sorge um: l .
- _ _ CAUTION
— verfrihte, hochriskante Implementierung .o

— “Moral Hazard” bzw. “Mitigation Deterrence”,
“Slippery Slope”, usw.

» Viele schwierige Fragen: Technologie, Auswirkungen,
Nebenwirkungen, Wahrnehmung, Ethik, Governance ...

* Notwendigkeit von Kooperationen (IASS Ansatz):

« Wissenschaften + Politik + Zivilgesellschaft
(bes. Umweltverbande) + Religionen + Wirtschaft +

Wikimedia Commons
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Uberblick

« Die Wissenschaftliche Basis
— CO, und der Treibhauseffekt
— Luftverschmutzung als weiterer Klimawandeltreiber

— Klima-Geoengineering Konzepte
» Die Politische Lage

=) - Die (mdgliche) Rolle des Einzelnen

Fragen zum bisherigen Teil?
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Wie konnen Einzelne zu Losungen beitragen? \)}

,Sei der Wandel, den Du in der Welt sehen mochtest!™
--Mahatma Ghandi

...aber reicht das, angesichts der komplexen
Nachhaltigkeitsthemen wie Klimawandel?

...vielleicht eher:

L,Seid die freibenden Krafte des Wandels, den ihr in der Welt
sehen mochtet!™
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Wie konnen Einzelne zu Losungen beitragen?
=>» Seid treibende Krafte des Wandels! V)

Treibende Krafte des Wandels (,Change Agents") sind:
« ...Informiert Uber die Ausgangslage und den Kenntnisstand

« ...sensibilisfert, besonders fur mogliche Umwelt- und Gesellschaftskatastrophen
(...sowie auf die schon katastrophalen Bedingungen flr viele auf der Erde)

Cumulative total anthropogenic CO; emissions fram 1870 (GICOy)

Global Mean Estimates based on Land and Ocean Data T R By e e O B0 O

s~ Annual Mean

1.0}|=— Lowess Smoothing
LSAT +SST Uncertainty

0.5

0.0

Temperature anomaly relative to 1861-1880 (*C)

— RCP2E = Historical
RCPL S RCF range
RCPEO  —— 1%y CO,
— RCPAS 1% yr' CO, range

Temperature Anomaly w.r.t. 1951-80 (°C)

-0.5} NASA/GISS/GISTEMP v4 N g
1880 1900 1920 1940 1960 1980 2000 2020

0 500 1000 1500 2000 2500
Cumulative total anthropogenic COz emissions from 1870 (GIC)
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Wie konnen Einzelne zu Losungen beitragen?
=>» Seid treibende Krafte des Wandels! g)

Treibende Krafte des Wandels (,Change Agents") sind:

« ...achtsamim eigenen Handeln: Mobilitat, Erndhrung, Energie, Konsum, usw.

...bemdht und mutig, KlimaschutzmaBnahmen einzusetzen — wo immer maoglich,
besonders wenn im Einklang mit der individuellen und planetaren Gesundheit

FAIRTRADE

Less
IS
More?

64 Bilder: Wikimedia Commons




Wie konnen Einzelne zu Losungen beitragen?
=>» Seid treibende Krafte des Wandels! Sl

Treibende Krafte des Wandels (,Change Agents") sind:
« ...Vorreiter von neuen, (hoffentlich) effektiveren Gesprachskulturen

o ...und dabei manchmal laut! (jedoch friedlich!)

Wikimedia Commons

http://auroville.org

65 Wikimedia Commons



Mitnahmebotschaften \)}

Die wissenschaftliche Basis um Klimawandel ist stark etabliert

Wir haben nicht lange um CO, Emissionen weltweit drastisch zu reduzieren,
um die Temperaturziele des Pariser Abkommens einzuhalten

Kurzlebige Gase und Partikel ("SLCPs”): wichtig fur Klimawandel, Moglichkeit
far schnelle Anderungen und erhebliche “Co-Benefits” (z.B. Gesundheit)

Klima-Geoengineering Techniken: voraussichtlich nicht vor etwa 2050
einsetzbar, zu spat um zum Einhalten des 2°C-Ziels beizutragen

Treibende Kréafte des Wandels: 5
gesellschaftliche und politische ‘
Transformationen unterstiitzen ."

=» informiert, sensibilisiert, achtsam,
bemuht und mutig, sowie Vorreiter von
neuen Gesprachskulturen

66 http://www.iass-potsdam.de/ Abbildung: Comfreak/Pixabay



