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Klimawandel im 20. Jahrundert

Too fast — too furious — Ringvorlesung Nachhaltigkeit

Klimawandel hat es immer gegeben —
was war am 20. Jahrhundert so besonders?

Ubergang von der letzten Eiszeit zur jetzigen Warmzeit (IPCC 2007, WG1, p. 451):

— Global gemittelte Erwarmung: etwa 5 2C
— Dauer etwa 5000 Jahre

Eiszeit > Warmzeit: 1 2C Erwarmung in 1000 Jahren
20. Jahrhundert: 1 2C Erwarmung in 100 Jahren

Die Menschheit erwarmt das globale Klima mindestens zehnmal schneller als es
die Natur [je] vermochte.
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Folie zur Verfiigung gestellt durch J. Marotzke, MPI, Hamburg



Hothouse Earth

Glacial-interglacial
limit cycle

f N

Holocene

/., Anthropocene

Stability
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Steffen at al., 2018, PNAS



Landnutzung

Too fast — too furious — Ringvorlesung Nachhaltigkeit

$-UN
" £

@ vu MBO

Historical Land Use 1700

preliminary data from HYDE 2.0; based on national statistics.

— ez £ TE
Bl Crepland land [ ] lee I Warrm rixed forest Based on:
[ JPastureland [ Tundra [ GrasslancSteppe - Richards (1590)
[ Wooded tundra [ ]Hot desert -FAO {1_595:" FADSTAT-PC. . _ .
- B.R. Mitchell (1295,1523). International Historical Statistics.
[ Boreal forest [ Serubland - Klein Goldewijk and Batties (1997). HYDE version 1.1

[ ] Cool conifer forest [ ]Savanna
[ ] Terp. mixed forest I Tropical wooadland
[ ] Ternp. deciducus forest [l Tropical forest

Source: Klein Galdewijk (in prep.)

Quelle: Klein Goldewijk, K. et al. 20011; and: Hyde database:
http://themasites.pbl.nl/tridion/en/themasites/hyde/index.html
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Landnutzung

Too fast — too furious — Ringvorlesung Nachhaltigkeit
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Historical Land Use 1990

preliminary data from HYDE 2.0; based on national statistics.

= e £ D
B Cropland land [ ] lee [ Warrm mixed forest Based on:
[ JPastureland [ | Tundra [ GrasslancSteppe - Richards {1990}
[ Wooded tundra [ |Hot desert -FAO “_SQE:" FAOSTAT-PC. . L -
- B.R. Mitchell (19553,1293). International Historical Statistics.
[ Eoreal forest [ Ser ubland - Klein Goldewijk and Batties (1997). HYDE version 1.1

[ ] Ceolconifer forest [ ]Savanna
[ ] Ternp. mixed forest I Tropical weodland
[ ] Ternp. deciducus forest [l Tropical forest

Source: Klein Goldewijk (in prep)

Quelle: Klein Goldewijk, K. et al. 20011; and: Hyde database:
http://themasites.pbl.nl/tridion/en/themasites/hyde/index.html
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Das Prinzip des Treibhauseffektes (vgl. Kapitel 5)

Warmeaus-
strahlung der
Erdoberflache

Stratopause
Ozonschicht

kurzwellige
Sonnen-
strahlung

Infrarotstrahlung

Too fast — too furious — Ringvorlesung Nachhaltigkeit
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Radiative Forcing - Strahlungsantrieb

Too fast — too furious — Ringvorlesung Nachhaltigkeit

Emitted Resulting Atmospheric ot : gt : Level of
Compound Boiiars Radiative Forcing by Emissions and Drivers Sienics
I 1 I I I I
g CO, CO, w 168(1.33102.03] | VH
8 | ! \ |
3 | ‘ [
§ CH, €O, HO*0O. CH -—< | 0.97 [0.74 to 1.20] H
2 h
@ |
@ ‘ !
(B? g:rlgéns O, CFCs HCFCs ‘ -| | : 0.18[0.01100.35] | H
x ' |
§ N,O N,O ll l 0.17[0.13t00.21] | VH
§ 2 co CO, CH, O ! ' j ! 0.23 [0.16 to 0.30) M
£|2 NMVOC CO, CH, O | '4 ; 0.10[0.05t00.15] | M
< '2 | | |
™ | |
" |
2 NO, Nitrate CH, O | ' -015[-03410003] | M
S ‘ - | :
g Aerosols and | vineral Dust Nitrate y ‘ :
§ Precursors | organic Carbon Black Carbon ! I‘_— | 027[-07710023] [ H
& (Mineral dust, ' ' |
o NH,, 7 : ‘ | |
Organic Carbon Cloud Adjustments ‘ | | -0.55 [-1.33 to -0.06] L
and Black Carbon)|  due to Aerosols 1
Albedo Change | 015(-025t0-005] | M
due to Land Use FH' | A
g Changes in :
3 i | : v
3 Solar Irradiance 4 | ‘ SR RSN AN M
H
Total Anthropogenic \ .
N I 125[064t01.86] | H
RF relative to 1750 |
: 057[029t0085] | M
! | I |

1 2 3

Radiative Forcing relative to 1750 (W m)

Definition: Veranderung in der vertikalen Nettoeinstrahlung in Wm=2 an der Tropopause,

aufgrund interner und externer Veranderungen im Antrieb des Klimasystems.
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Die Bestandteile des Klimasystems als Plaupause fiir Modelle

< .
Upprit

Das Klimasystem mit seinen Kompartimenten, Komponenten und Prozessen in stark vereinfachter schematischer
Darstellung (in Anlehnung an IPCC 2007 [32]).

Solare Einstrahlung Interplanetarer Raum

(relativ kurzwellig) Terristrische
Ausstrahlung
(relativ langwellig)

Atmosphire

N

Atm. [ Ozean

Kryosphire

-y : Pedosphiire / Lithosphire

"'?%

Hydrosphire

Too fast — too furious — Ringvorlesung Nachhaltigkeit

[EEY
o



Aufbau eines Klimamodells

Horizontal Grid
(Latitude-Longitude) [*

Vertical Grid
(Height or Pressure)

Physical Processes in a Model

solar  lerrestrial
radiation radiation

ATMOSPHERE (J

PN —— - ‘

P i ¢ v = | > L'
J - ' ‘
L—a—-J - advection . ®

e9 —-—

N i f
wof )
€4, " anow il | L /
L %o st gty "o
s, [ (il momentum  hest water > seuics )

=t SRR g 2

e LA [ ——

CONTINENT
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Climate forcing und Vulkanismus

Globaltemperatur, Anomalien 1960 - 2011(2010)
Vergleich bodennah und Stratosphare

(sowie einige explosive Vulkanausbruche)
1,0

Agung(1963+1) bodennah
Trend: + 0,6 °C

0,5 Fernandia (1968+2) El Chichdn (1982) - —
S St. Augustine(1976) W_ — -

0.0 +— VA ;J A '\.—r\-;i""'r:\
’ S\- 73. Pamv 2 \% )& /\/ \ Kasatochi (2008/+1)
0,5 \/ T - \/‘ / Pinatubo (1991+1)

1.0 ~on Stratosphare

v V“‘Km Trend:-2,2°C
1,5 =
\/\/—/\/‘WM

20 L J w L 4 L J h 4
=L, rr 1111t 111 0171 171 117 1717 17T 171717 17 17T 1 17T 17T 17 17T 17T 17 ©T 17T 7T 17 17T 17T 17T 17T 17T 17T 7T 7T 7T 17T T T T T T

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
Zeit in Jahren CRU 2012; Angell 2011; erg.

Temperaturanomalien in °C

Beachte:
Vulkanismus kiihlt die Troposphadre und warmt die Stratosphare (vgl. oben);
Sonnenaktivitat warmt die Troposphare und Stratosphare; ,,Treibhausgase*
warmen die Troposphire und kiihlen die Stratosphire; interne Wechselwirkun-
gen (z.B. ENSQO) beeinflussen nur die Troposphdre (bodennahe Atmosphére).

Too fast — too furious — Ringvorlesung Nachhaltigkeit

Quelle: Schonwiese 2013, Klimatologie, 4. Aufl., S. 325
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Gemessene und modellierte globale Mitteltemperaturen
Comparison between modeled and observations of temperature rise since the year 1860

Too fast — too furious — Ringvorlesung Nachhaltigkeit
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Temperature anomalies in °C

Temperature anomalies in °C

10 - < 1.0 - r 1.0
1 (a) Natural forcing only i 1 (b) Anthropogenic forcing only i
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Medienverweise

Antworten auf Klimawandel-leugnende Argumentationen

e  Umweltbundesamt:
http://www.umweltbundesamt.de/publikationen/sie-erwaermt-sich-doch-was-steckt-hinter-debatte-um

e Naturwissenschaften Schweiz:
http://www.proclim.ch/4dcgi/proclim/de/news?1501
und http://www.proclim.ch/4dcgi/proclim/de/news?1182

 Potsdam Institut fur Klimafolgenforschung

http://www.pik-potsdam.de/services/infothek/buecher broschueren ﬂ hm S
C | nte r n atio n a | E n e rgy Age n Cy : @ S‘E @ Skeptical Science is now available as a free Android app for anyone usin

an Android phone. When the iPhone app was first launched, there was an (i

MMMMMMMMMMMMM immediate chorus from Android users asking for an app for the Android

Redrawing the climate-energy map: R 0 5 T rcous, v derkped e Phos poi oo
http://www.worldenergyoutlook.org/energyclimatemap/

D o)t i doropbg an Ark wenkn) Trepe |
* Getting skeptical about global warming skepticism
https://www.skepticalscience.com/argument.php?f=percentage
(auch als APP fiir gangige Smartphones)

y for Skeptical Science
or just "skeptic" should do it). Select Install then sit back while a wealth of
climate science pours into your Android phone!

| Climate's changed before

Here are some screenshots of the Android App on a HTC Desire phone. Note - all the pics
link to higher-rez versions so click on any pic to get a closer look. The 3 skeptic parent
categories (not happening, not us, not bad) display in the same manner as the iPhone
app. Tapping on any category brings up a long list of skeptic arguments. You can aiso
browse by the Top 10 arguments. The content is regularly updated so your phone
receives new arguments and updates to existing ones.

Andere Ressourcen mit Bezug zum Vortrag
 TED-Talk Johann Rockstrom:

http://www.ted.com/talks/johan rockstrom let the environment guide our development htmI

e Uber die Desintegration des Westanarktischen Eisschildes:
http://www.washington.edu/news/2014/05/12/west-antarctic-ice-sheet-collapse-is-under-way/
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Einschatzung der Temperaturszenarien bis 2100

Abb. 2.6: Diagramm der mittleren globalen Erwdarmung, beobachtet 1900-2000 und Pro-
jektionen bis 2100 nach den Emissionsszenarien B1, A1B, A2 und (erganzt) AlFI

|
— A1B
s Year 2000 Constant
Concentrations
e— 20th century

2 degree target (EU)

‘& chances

unavoidable

Globally averaged warming (°C)

0.0 —: Observation

llllllllllllllll

1900 2000 21

Birkmann, Jorn; Vollmer, Maike; Schanze, Jochen (Hrsg.) (2013): Raumentwicklung im Klimawandel —
Herausforderungen fir die raumliche Planung. Hannover. = Forschungsberichte der ARL 2.
URN: http://nbn-resolving.de/urn:nbn:de:0156-07302

=
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Temperaturentwicklung fir 1100 Jahre
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~ ) . L. Ergebnis:
Jahrliche Globale Treibhausgas-Emissionen 4.8°C

und Temperaturdanderungen im Jahr 2100

Weiter so!
_Business as Usual”

4,1°C

Aktuelle Richtlinien S

. Pariser °
/ Verpflichtungen 3.2°C
2,6°C

— Pfad fiir 2 °C

Pfad fiir 1.5 °C —
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0 20°C =
Negative CO,-Emissionen — 1,5°C 2
1990 2018 2030 2050 2100 s
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The human dimension: an upgrade in complexity
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Emission pathways Il — observed past

Dlata: CDIAC/(IBCP/BP/USGIS
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Emission pathways Il

Data: CD|ACI;/GCP/|PCCI/FUSS et al 21014
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Carbon Crunch

CARBON CRUNCH

There is a mean budget of around 600 gigatonnes (Gt) of carbon dioxide left to emit before the
planet warms dangerously, by more than 1.5-2°C. Stretching the budget to 800 Gt buys another
10 years, but at a greater risk of exceeding the temperature limit.

T
2016 v

Delaying the peak by
a decade gives too
little time to transform

the economy.

PROJECT; HTTP://GO.NATURE.COM/2RCPCRU

Peaking emissions

now will give us
| 25 years to reduce
emissions to zero.

SOURCES: STEFAN RAHMSTORF/GLOBAL CARBON

Historical emissions*

20 - 600-Gt carbon budget

2016 peak (best)
2020
10 -  — 2025

800-Gt carbon budget
2020 peak

CO, emissions (Gt per year)

| | | | | | 1
1990 2000 2010 2020 2030 2040 2050

*Data from The Global Carbon Project.
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Individueller FuBabdruck CO,-Rechner WWF oder UBA

Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

WWF CO2-Rechner | Mein Erg... ¢

(- ' [ PlO) wwiklimaktiv-co2-rechner.de/de_DE/popup/?cat=result_wwf

WWF  for 2 living planat *

Weder Hopp oder Top - lhre persdnliche CO»-Bilanz ist im
wahrsten Sinne des Wortes durchschnittlich.

Mit 11,01 t Tonnen CO2-Emissionen pro Jahr entsprechen

Sie mehr oder weniger dem deutschen Durchschnitt von
10,67 t Tonnen CO2. Leider reicht das nicht. Wir alle missen unseren
Verbrauch deutlich senken, wenn wir den Klimawandel noch begrenzen
wollen.

Schauen Sie doch mal in lhrer Bilanz im Uberblick nach, um herauszufinden,
wo Sie noch besonders viel Potential zur Verbesserung haben.

Unter Geschenk an die Erde kdnnen sich direkt fur weitere Klimaschutztaten
entscheiden und sofort sehen, wie sich diese auf lhre Bilanz auswirken.

Los geht's - werden Sie noch heute zum Klimaschitzer!

| Thre Bilanz im Uberblick || Alle Eingaben |&schen |

Geschenk an die Erde
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Ergebnis
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Schritt 9 von 11 COzKonto
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CO,-Aquivalente [t/Jahr]
Bezugsjahr: 2016

11,01t

10,67t

lhr CO=2 Deutscher
Ausstold Durchschnitt

Konsum

- Erndhrung
- Unterwegs
- Zuhause

Staatl. Emissionen

[}
e
S~

[}
©

—

[}

C
e

[®]

]

o
o

(@]

Q
2

-

v

©
£
~
«—

3

S
>~
—

Q.

e

—
e



The Great Acceleration
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The Great Acceleration |
Earth system trends

0 : - 1800
£ | Carbon ' 2320 | Nitrous : 2 1600 | Methane
;1 dioxide : ;| oxide : g
g : g : £ 1400
g 330 : 53] : S 1200
0= o + H = H Y
Q g : £ 2 |
~ 8 ol a0 §1uuu
- g o
ﬁ 0 T T 260 T T T 600 T T T
© 1750 1800 1850 1900 1950 2000 1750 1800 1850 1900 1950 2000 1750 1800 1850 1900 =
2010 2010 010 Rel
_C Year Year Year e}
< o
(]
[8) Q
O 100 : 06 . 8
=2 o | Stratospheric : % w4 Surface : peot Ocean S
ozone ' g ,, | temperature : E acidification o
Qo g 601 : 2" : S 7s 3
40 | 2 g
N ~ i @
(5] : E 02 g0 G
q) 20 + : E 04 ;; ‘—I|
= o T T : " 06 T T T o8 T T T %
(@) 1750 1800 1850 1900 1950 2000 1750 1800 1850 1900 1950 2000 1750 1800 1850 1900 )
> Year 2010 Year 2010 Year 2010 ﬂ
& :
* — S~
o B0 4 " 100 oo
. . : - . e)
| 7+ Marine fish Shrimp : 5 4 | Nitrogen to S
. W
g © | capture g 31 aquaculture i £ coastal zone =
(%] £ 504 € : s & 20
> g w0t 2, E o
(@) £ 3 2 : z 0 <
o= S z : c £
— » ] i g 2 ©
-] 10+ : 2 0]
Y 0 T T o T T T — 0 T T T g
O 1750 1800 1850 1900 1950 2000 1750 1800 1850 1900 1950 2000| 1750 1800 1850 1900 >
O Year 2010 Year 2010 Year 010 S
g
+ 3
I 30 - 50 H g 40 H g
i 2 | Tropical E . | Domesticated  : £ | Terrestrial ' <
. o . H [
T = 5, | forestloss ' 5 land : 2 37 biosphere : a
(S g 07 : b= V B d dati H
£ 2 & egradation ' s
O g 15 5 25 1 :-;_ 20 + : c
O 2 10+ E £ ¥
= 2 10+ S
54 & E <
|¥]
o T T o T T T < 0 T T T
1750 1800 1850 1900 1950 2000 1750 1800 1850 1900 1950 2000 & 1750 1800 1850 1500
Year 20 Year 2010 Year

N
(0]



The Great Acceleration |l
Earth system trends
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Socio-economic trends
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Wieviel Prozent unseres Lebensstils
in Deutschland finanzieren wir
auf Kosten unserer Kinder?

Ein Drittel
Die Halfte

/wei Drittel
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Deutschland

Unser Anderen Unseren
Anteil Landern Kindern
gestohlen gestohlen

S 8¢ ¢

1 +1,5 +0,7 =3,2

Gregor Hagedorn, Berlin



Planetary Boundaries for a safe operating space for humanity
concept by Johan Rockstrom at al., Nature, 2009

Climate change

Biosphere integrity
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Club of Rome - Limits to growth
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,Das Problem ist nicht, dass wir mehr Wohlstand wollen.

Das Problem ist, dass wir Wohlstand durch materiellen

Besitz definieren.”

Donella and Dennis L. Meadows

Climate change

Biosphere integrit
P o E/MSY

Land-system ’

change

Freshwater use

N

Biogeochemical flows

Novel entities

Stratospheric
ozone depletion

Atmospheric aerosol
loading

Ocean acidification B Beyond zone of uncertainty (high risk)
O In zone of uncertainty (increasing risk)
Below boundary (safe)

@ Boundary not yet quantified

http://www.heise.de/tr/artikel/Der-boese-Samurai-ist-schon-tot-ohne-es-zu-merken-403923.html



Club of Rome - Limits to growth
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Figure 25 FEEDBACK LOOPS OF POPULATION, CAPITAL, SERVICES,

AND RESOURCES

population

(+)

births pi@/ eaths per year
fertulntyj

mortallty
/’ \ educatlon

family planning health serwces

industrial output
per capita

services
ercapna

4

service
capital

non-
renewable
resource
reserves

=i
industrial output

efficiency
of capital / [
industrial
capital ‘\

investment depreciation
(—) A\

) average lifetime
investment rate of capital

Meadows et al. 1972, S. 100

Meadows et al. 1972: The Limits of Growth

https://www.clubofrome.org/report/the-limits-to-growth/
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Club of Rome - Limits to growth
Figure 46 STABILIZED WORLD MODEL |
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https://www.clubofrome.org/report/the-limits-to-growth/

Meadows et al. 1972: The Limits of Growth

Meadows et al. 1972, S. 175
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5 UN,
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Limits of Growth - reivisited
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Turner, G. (2014) ‘Is Global Collapse Imminent?’, MSSI Research Paper No. 4,
Melbourne Sustainable Society Institute, The University of Melbourne. ISBN:
978 0734049407
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Hoffnungslos?

NEIN!

(oder: JA, wenn wir weiter fast nichts tun. Wenn wir erwarten, ein
fundamentaler Wandel hin zu einer nachhaltige Kultur konne aus der
Portokasse gezahlt werden.)

Wir brauchen Verstandnis, das es sich um eine fundamentale
Gerechtigkeitsfrage handelt.

Alle miissen anpacken, um den ,Krieg gegen unsere eigenen Kinder” zu
beenden.
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Gibt es eine Sicht die Limits to Growth,
Klimawandel und umfassendere “Globale Grenzen”

visionar verbindet?
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Paris 2015 — Aufbruch zu neuen, nachhaltigen Ufern?
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United Nations Sustainable Development Goal (SDG)

SUSTAINABLE ™ s
V@;’y DEVELOPMENT «..cALS

\{\ W
W 17 GOALS TO TRANSFORM OUR WORLD

CLEAN WATER
AND SANITATION

L

NO GOOD HEALTH UUAI.ITY GENDER

AND WELL-BEING EI]UGATI[]N EQUALITY

DEGENT WORK AND INDUSTRY, INNOVATION 10 REDUCED SUSTAINABLE CITIES 1 RESPONSIBLE

ECONOMIC GROWTH ANDINFRASTRUGTURE INEQUALITIES AND COMMUNITIES GONSUMPTION

ANDPRODUCTION

CLIMATE LIFE LIFE PEACE, JUSTICE PARTNERSHIPS
13 ACTION 1 BELOW WATER 15 ON LAND 16 AND STRONG 1 FORTHE GOALS @)
INSTITUTIONS
SUSTAINABLE
DEVELOPMENT

G<3ALS
On September 25th 2015, countries adopted a set of goals to end poverty, protect the

planet and ensure prosperity for all as part of a new sustainable development agenda.
Each goal has specific targets to be achieved over the next 15 years.
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https://www.un.org/sustainabledevelopment/sustainable-development-goals/
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http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E

Nachhaltigkeit
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,Wird derhalben die grolste Kunst, Wissenschaft, Fleiss und Einrichtung
hiesiger Lande darinnen beruhen, wie eine sothane [solche] Conservation und
Anbau des Holzes anzustellen / dal} es eine continuirliche bestandige und
nachhaltende Nutzung gebe / weiln es eine unentbehrliche Sache ist / ohne
welche das Land in seinem Esse nicht bleiben mag®.

Hans Carl von Carlowitz 1713, Silvicultura oeconomica

International:
e  Brundlandt-Kommission der UN ab 1983
* UN-Konferenz fir Umwelt und Entwicklung 1992



Das Konzept der Nachhaltigkeit ...

gutes Leben langfristig mit zur Verfigung stehenden Ressourcen sichern

Nachhaltige
Entwicklung

6konomisch, sozial, (geo)-6kologisch,
.... kulturell, politisch, ...

Too fast — too furious — Ringvorlesung Nachhaltigkeit
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http://solidarisch-einkaufen.de
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http://solidarisch-einkaufen.de/
http://solidarisch-einkaufen.de/
http://solidarisch-einkaufen.de/
http://solidarisch-einkaufen.de/

United Nations Sustainable Development Goal (SDG)

SUSTAINABLE ™ s
V@;’y DEVELOPMENT «..cALS

\{\ W
W 17 GOALS TO TRANSFORM OUR WORLD

NO GOOD HEALTH l]UAlITY GENDER CLEAN WATER
AND WELL-BEING EI]UGATI[]N EQUALITY AND SANITATION

DECENT WORK AND INDUSTRY, INNOVATION 1 0 REDUCED W&FAB[[“?‘TF
INEQUALITIES AND COMMU

1 2 RESPONSIBLE
CONSUMPTION
ANDPRODUCTION

ECONOMIC GROWTH ANDINFRASTRUCTURE

QO

jous — Ringvorlesung Nachhaltigkeit

CLIMATE LIFE LIFE PEACE, JUSTICE PARTNERSHIPS
1 ACTION 1 BELOW WATER 15 ON LAND 16 AND STRONG 1 FOR THE GOALS ﬁ@@

|Nsmunuus SUSTAINABLE
DEVELOPMENT

G{IALS

planet and ensure prosperity for all as part of a new sustainable development agenda.

Too fast -
(oN
M
-
N
(9]
—t
-
N
=
[T
Ul
(@)
o
C
>
(o
=
M
0w
Q
Q.
o
©
—
D
o
Q
(%)
M
—
o
—h
0]
o
Q
7y
—+
o
)
=
o
yo
o
<
(1)
q
(53
=<
o
q
o
(=g
(1)
(@]
-+
(=
=
()

Each goal has specific targets to be achieved over the next 15 years.
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Happy Planet Index

Wohlbefinden

Lebenserwartung

Ungleichheit
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Aus: http://happyplanetindex.org

Okologischer FuBabdruck Nic Marks |
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Happy Planet Index World Map

Figure 2: Countries of the world by Happy Planet Index score

HPI Score
Highest possible @ @ 0000 Lovest
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Happy Planet Index

1 Switzerland

Rank Experienced wellbeing

Rank Life expectancy
1 Hong Kong

Norway

Japan

Iceland

Italy

Sweden

Switzerland

Netherlands

Iceland

Denmark

Spain

N[O oW N

Finland
World Average

N[O OB W N

Australia
World Average
Sierra Leone

139 Lesotho

138 | Syria
139 | Benin
140 | Togo

140 Swaziland
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Rank Ecological Footprint per capita (gHa)

Luxembourg

Australia

Hong Kong

United States of Ameri

Canada

Trinidad and Tobago

~N (OO W N

World

World Average Footprint

Oman

Average Biocapacity

138 Afghanistan
139 Bangladesh
140 Haiti

Inequality of Outcomes

Netherlands

Iceland

Sweden

Switzerland

Finland

Luxembourg

N[O Oo AW IN

Norwa
World Average

138 Burundi
139 Sierra Leone
140 Chad

5 UN,
W0 b,

_Y*U MBO

Tprrs®

< -
Upprit

Rank Happy Planet Index Score

1 Costa Rica

2 Mexico 40,7
3 Colombia 40,7
4 Vanuatu 40,6
5 Vietnam 40,3
6 Panama 39,5
7 Nicaragua 38,7

Luxembourg

Chad

Aus: http://happyplanetindex.org



Happy Planet Index - Europa

Life Well-being  Footprint Happy Planet

Expectancy (0-10) (gha/capita) Inequality of Index
outcomes

Country

Europe

12 Norway

15 Spain

18 Netherlands
24 Switzerland
32 Denmark
34 United Kingdom
37 Finland

39 Iceland

41 Cyprus

43 Austria

44 France

48 Ireland
49 Germany
53 Malta

60 ltaly

61 Sweden
79 Portugal
87 Belgium

89 Greece
139 Luxembourg
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Aus: http://happyplanetindex.org

108 United States of America
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Zusammenhang zwischen GNP/cap und ,Happiness”

ECONOMIC
GAINS

SURYVIVAL AND WELL-BEING

GHF;"’EAFITA ﬁ.

Spurce: R ingelhor, 1997

Too fast — too furious — Ringvorlesung Nachhaltigkeit

Survival and Well Being as related to per capita GNP. Source: R. Inglehart, Modernization and Postmodernization
(Princeton, 1997).
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Planet resilient pathways

(A) Our world (B) Opportunity space

Multiple stressors
including
climate change

(E) Climate-resilient pathways

\

L] W [ H‘.‘rﬂr
(D) Decision points
2] Biophysical stressors
] Resilience space

(] Social stressors (F) Pathways that lower resilience

Too fast — too furious — Ringvorlesung Nachhaltigkeit

D
e}

(C) Possible futures

High resilience = Low risk
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Low resilience ' High risk
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Energiewende
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Solar-PV deployment

12,600% growth since 2000

1980 1990 2000 2010
Year

Solar-PV price

86% decline since 2000

Too fast — too furious — Ringvorlesung Nachhaltigkeit

()
o

1980 1990 2000 2010

Year

Global power capacity (GW )

Cost of electricy ($ per MWh)

400

300+

200+

100+

300

Wind deployment

2,300% growth since 2000

1980 1990 2000 2010
Year

250+

200+

150+

100+

50+

Wind cost

35% decline since 2000

1980 1990 2000 2010
Year

Figure 3 | Beginning of induced implosion? The installed capacity of solar and wind power generation has
grown at rates far exceeding expectations. At the same time, the costs for solar and wind power have
dropped rapidly, by 35% since the year 2000 for wind electricity, and by 86% for solar modules. Figure
adapted with permission from ref. 30; © 2015 MIT.
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Optionen im Klimaschutz
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Flir eine Stabilisierung der THG-Konzentationen miusste bis 2100 folgende
Entwicklung des globalen Energiemixes stattfinden:
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KOSMOS Conference

KS"2SMOS

AUG 28-30 20192 | Humboldt-Universitat zu Berlin

from Alexander von Humboldt’s KOSMOS to today’s Global Challenges:
Navigating the Sustainability Transformation in the 21st Century

workshop, treasure quest, and interdisciplinary conference event
on the occasion of the 250 birthday of Alexander von Humboldt
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