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Der Ozean ist ein grol3er Speicher und

Verteiler von Nahrstoffen, Warme,

Salzgehalt etc.
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Stable climate: in balance

Incoming
solar energy

Outgoing
energy
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Quelle: IPCC (2021): Climate Change 2021: The Physical Science Basis. Contribution of Working Group |

to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,

doi:10.1017/9781009157896.
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Der Ozean im Klimawandel

Stable climate: in balance

Incoming
solar energy

Outgoing
energy
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Today: imbalanced

Incoming
solar energy

Less outgoing
energy due to

Excess energy accumulating

Der Ozean hat fast die gesamte Uberschissige Warme aufgenommen, die Atmosphéare nur 1%!
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Quelle: IPCC (2021): Climate Change 2021: The Physical Science Basis. Contribution of Working Group |

to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,

doi:10.1017/9781009157896.
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Quelle: IPCC (2021): Climate Change 2021: The Physical Science Basis. Contribution of Working Group |

to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,

doi:10.1017/9781009157896.
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Temperatur + Meeresspiegelanstieg

« Grol3e Eisschilde
reagieren verzogert 0—
« Beitrag zum

Changes in Antarctic and Greenland Ice Sheet mass
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Quelle: IPCC (2021): Climate Change 2021: The Physical Science Basis. Contribution of Working Group |

to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change,

doi:10.1017/9781009157896.
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Kohlenstoffdioxid

Kohlenstoffkreislauf 2013-2022
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+5.2
885 GtC
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Vegetation 80
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Der Ozean ist ein riesiger Kohlenstoffspeicher:

Aufnahme von ~30% des anthropogenen CO,

FOS

1\ Fossil CO, E

Land-use change E .

d CDRnotincludedinE,

\l, Land uptake S

LAND

\L Ocean uptake S

OCEAN
Carbon cycling GtC per year
Stocks GtC

+ Atmospheric increase G, ,,

M Budgetimbalance B,

E = emissions
S = sink

(3)
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Quelle: Friedlingstein et al. (2023): Global Carbon Budget 2023, Earth Syst. Sci. Data, 15, 5301-5369,

https://doi.org/10.5194/essd-15-5301-2023, 2023.
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Kohlenstoffdioxid

“Kohlenstoffpumpen”
(C Transfer in die Tiefe):
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* Physikalisch: CO, als
T . Deep ocean
|Gsliches Gas + Verteilung Deep consumers
mit Tiefenstromungen ~

Bacteria

Organic carbon
Quelle: Chisholm, S. Stirring times in the Southern Ocean. Nature 407, 685-686 (2000).

https://doi.org/10.1038/35037696.

Sea floor
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Southern Ocean
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Quelle: DeVries (2022): Atmospheric Co2 and Sea Surface Temperature Variability cannot explain recent
decadal Variability of the Ocean Co2 sink, in: Geophysical Research Letters, Vol., Issue 7,2022, AGU,

https://doi.org/10.1029/2021GL096018

Anthropogenes CO, im Ozean: Verteilung folgt Zirkulationsmustern
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Kohlenstoffdioxid + Ozeanversauerung

CO, + H,0 =& H,CO,

gelostes Wasser Kohlensaure
Kohlendioxid

Quelle: https://www.bioacid.de/ozeanversauerung/

HCO;

Hydrogenkarbonat

H* + COZ == HCO;
Wasserstoff-  Karbonat Hydrogenkarbonat
ion
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Kohlenstoffdioxid + Ozeanversauerung

CO, + H,0 =& H,CO,

gelostes Wasser Kohlensaure
Kohlendioxid

HCO; T
CO, T H'T pHY
cos 1

Quelle: https://www.bioacid.de/ozeanversauerung/
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Kohlenstoffdioxid + Ozeanversauerung

—
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Quelle: https://www.bioacid.de/ozeanversauerung/
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Quelle: Shuaishuai Dong et al, Biocalcification crisis in
the continental shelf under ocean acidification,
Geoscience Frontiers (2023). DOI:
10.1016/j.9sf.2023.101622
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Sauerstoff

1,200 m-sea floor

mechanisms of ocean deoxygenation. Nature Geosci 11, 467—

Quelle: Oschlies, A., Brandt, P., Stramma, L. et al. Drivers and
473 (2018). https://doi.org/10.1038/s41561-018-0152-2

DO change [pmol kg™ decade™)

« Warmere Oberflachen: reduzierte Gasaufnahme
» Tiefe: verstarkte Schichtung/reduzierte Durchmischung, verlangsamte Tiefenzirkulation und
erhohte Respiration
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Zukunftige Anderungen

Glacier mass
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V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. Alegria, M. Nicolai, A. Okem, J. Petzold,

B. Rama, N.M. Weyer (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, 755 pp.

IPCC, 2019: IPCC Special Report on the Ocean and Cryosphere in a Changing Climate [H.-O. Pértner, D.C.
https://doi.org/10.1017/9781009157964

Quellen: IPCC (2021): Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change, doi:10.1017/9781009157896.
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Zukunftige Anderungen

million km?

Sv

Marine heatwaves

15
N Future (CMIP6)
§ 10
I
=
8
& 5 Past (observed)
=
E Past (simulated)
W0 100 190 2000 2050 21000
Arctic September sea ice area
10
8 Past (simulated)

2 } Practically sea ice free
ol
1950

2100 Change

2000 in2100

Atlantic Meridional Overturning Circulation (AMOC)

Past (observed)

Past (simulated)

Glacier mass

Permafrost

temperature .
Continental shelf

C’_ Cryosphere Changes Continental slope

o— Ocean Changes

A —Increase

10/ Future (CMIP6)
1850 1900 1950 2000 2050 2100 Chane & —Decrease
Dissolved oxygen (100-600 m)
82
Past (simulated) Past (observed)
0
8 \ 8
£ 5 -
= Future (CMIP6) T
10 ’
15 -~ 76
1850 1900 1950 2000 2050 2100 ;o0 1850

Qcean acidification

A low acidity

l nigh acidity

1900

Past (simulated)

1950

Ozean im Klimawandel
Lektion 1

Ice sheet mass
Water (Greenland & Antarctica)
Heat - &
Carbon dioxide &
Marine
heatwaves Sea level vVvYyYVY
Ice sheet
M v ‘,,._"ﬁ, Ice shelf

--..‘..

259

Ocean heat content Ocean pH Ocean oxygen

Ocean circulation

Abyssal plain

Global mean sea level rise from 1900-2150

Antarctic ice sheet

Global ocean heat content and thermosteric sea level

CMIP6 | Emulator

2000

2050

25 ;
8SP1-19 88P1:26 55245 SSPIT.0 SIPSAS ,/
|| e Median (medium confidence)
Past (observed) 2 Liely enge (mechun connce) .7 ssear0
. = 1= 88P5-8.5 Low confidence 83rd perceniile v
I 15 S5P5-8.5 Low confidence 95th percentie e
. 2 1 '
: {
Future (CMIP6) . 05 1 *
. | Observations. SSP1-26 2150 medum & low
Change 0 = T T T 1 o)
2000 2050 2100 100 1900 1950 2000 2050 2100 2150

4
Historical 01
L1 Future (RCP/SSP) ‘
03 0 ;
4 | Observations  ISMIPG 01 ﬂ
(1978-2017) (2061-2100) 3
8 4 02 ‘
'ﬂsgg
0 03
-12 4 » ; losgé s
16 :
1980 2000 2020 2040 2060 2080 2100
ISMIPS: LARMIP
Emulator
Change
in2100
Greenland ice sheet
4 01
Box (obsel}{gr?gr?t:ased)
" e Future (RCPISSP) |
Observations _ ISMIPG =
g (2010-2017) (2093-2100) 3 ’
= ol U 1 01
4 \ ; ¢ '“5%,\
9 g, o §§
i 058 02
8 4 [&
B . . . N . ISMIP6;Emulator
1960 2000 2020 2040 2060 2080 2100  Change
in 21

Change
in2100

V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. Alegria, M. Nicolai, A. Okem, J. Petzold,

B. Rama, N.M. Weyer (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USA, 755 pp.

IPCC, 2019: IPCC Special Report on the Ocean and Cryosphere in a Changing Climate [H.-O. Pértner, D.C.
https://doi.org/10.1017/9781009157964

Quellen: IPCC (2021): Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the
Sixth Assessment Report of the Intergovernmental Panel on Climate Change, doi:10.1017/9781009157896.
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