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How much of the Earth’s
atmosphere consists of
Carbon Dioxide?

CO,, 0=C=0



Answer: 0.04 %
(4 molecules out of ten thousand)

CO,, 0=C=0
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How can a gas that makes up
just 0.04% of the atmosphere
change the climate of an
entire planet?
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What is Climate?

2

" A

Weather

-

Sunny Rainy Partly cloudy Stormy
today tomorrow this weekend tonight

= Short term changes in the
atmosphere

= Hour-to-hour, day-to-day

Source: Generated

Climate s,

Average Temperature in City X
°C 1981-2010 Average

20
10
0

JF M A M I I A S 0ND

= Average weather conditions in a
specific area over a long period of
time

= Trends over 30 years and more
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What is Climate Change?

=» Intergovernmental Panel on Climate Change (IPCC)

Climate Change is a persistent shift in the state of
the climate lasting decades or longer.

It can result from natural processes, external forces
(e.g., solar cycles, volcanoes), or persistent
anthropogenic changes that alter atmospheric
composition or land use.




What We Observe .
Change in global surface temperature Atmospheric CO, Concentration
<«  (relative to 1850-1900) from ice core records
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What We Observe %/2

Change in global surface temperature Atmospheric CO, Concentration
°C (relative to 1850-1900) from ice core records

“The last time the Earth experienced a comparable concentration of

wdd ul uonenuaduod ‘0D

CO, was 3-5 million years ago, when the temperature was 2-3 °C ~ 900
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What We Observe %/2

Change in global surface temperature Atmospheric CO, Concentration
.« (relative to 1850-1900) from ice core records
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What We Observe

Change in global surface temperature Atmospheric CO, Concentration
«  (relative to 1850-1900) from ice core records
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How do we know this?
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The Earth’s Atmosphere ®

=>» The atmosphere is unique! - __ Source: Artemis 2026, NASA

=» Just the right gas mix for
complex life forms

=>» 78% Nitrogen (N,)
= 21% Oxygen (O,)

- 0.04% Carbon Dioxide (CO,)

—

How can such a small amount of CO,
have such enormous effects???

...well, it's complicated, but the basics
are quite simple.




Some Scientific Background 2%

Hypothesis:
No atmospheric
incoming greenhouse effect outgoing
solar thermal

radiation

radiation

/ albedo = 0.3 | |
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Some Scientific Background 2

System in balance:

incoming outgoing thermal radiation outgoing
solar - thermal
radiation radiation
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Some Scientific Background Z

System in balance:

incoming outgoing thermal radiation outgoing
solar n thermal
radiation radiation

T.=-18°C

21. Juli 2026 "Find your Nature" summercamp 2026, Bispingen by Calumed e.V. 17



Some Scientific Background

7

incoming outgoing
solar ) thermal
radiation radiation

T.=-18°C

= Sy
At ’;:\.“:'7 R o

: What we see: T = +15 °C

7 o 7 7
R R R R TR ) '.>, PO TRY «_n
“"»A TR AN N \'. 2
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Some Scientific Background g

incoming
solar
radiation

absorption

outgoing
thermal
radiation

‘. / Slloeile = U
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Some Scientific Background 4

3

outgoing
incoming thef"‘?'
solar ) ' radiation
radiation / absorption
reflection

0.3

_albedo
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Some Scientific Background

outgoing
incoming thermgl
radiation

solar

radiation

Warming continues
until balance is

restored
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Some Scientific Background 2

outgoing
thermal

incoming

e t radiation
D N\

radiation

Earth System
heats up

albedo O 3

A TN R AL ot WL TR0 Jar B ia) R CEdan B con Uh

. | > Natural Greenhouse Effect

A R B R i R I B e i I e B e I B i R B i
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Some Scientific Background 2

How can just 0.04% CO,
change the climate of an entire
planet?

= Only trace gas but very efficient in interacting with thermal radiation
=» Atiny change in its concentration changes the Earth‘s energy balance
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Some Scientific Background F

= We have known about the greenhouse effect for quite some time now

Source:
Verlag von W.
Engelmann -
Photogravure
Meisenbach
Riffarth & Co.,

Source: https://www.europeana.eu Jﬁﬂf«zf/"lé“‘;« Leipzig
1824: Jean Baptiste Joseph 1896: Svante Arrhenius
Fourier (natural greenhouse (human influence on global
effect) warming)
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Some Scientific Background %/2

Human activities emit additional
greenhouse gases into the
atmosphere

...this results in a human-
induced (additional)
greenhouse effect

2‘; Change in global surface temperature
| (relative to 1850-1900)

1.5

observed

simulated
human &
natural

simulated
natural only
(solar &
volcanic)
-0.5
Source: IPCC AR6
[ |
1850 1900 1950 2000 2020
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A
This wasn't too hard, was it?
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Well,... reality is way more complex than this! P

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
in
Solar Inputs
Clouds
Atmosphere P e
e ey f10) (N 4 // /
Lo /
N,, O, Ar, Cl g
HO,C0,CH,NO,0 ofc ‘g™ /.
Aerosols [ osphere-Biospl
lce Precipitation :
Interaction Evaporation
Heat  Wind
Exchange Stress

Biosphere

d . Nl; A
i Land Surface

Ice-Ocean Coupli | o . T B Changes in the Cryosphere:
— RL‘!,'.‘;‘R"&?,, ’ A Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Changes in the Ocean: Changes infon the Land Surface:
Circulation, Sea Level, Biogeochemistry \ raphy, Land Use, Vegetation, Ecosystems

i
[

Source: IPCC AR4 (2004)
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Why Do We Need Climate Models? #

't&\\

= The Earth’s Climate System is a complex system

= Defintion of ,complex system®: Interactions between components can be
non-linear

=» Tipping elements can cause irreversible changes once critical thresholds are
crossed.

= Objective of Climate Modelling:

=» Understanding the climate system using mathematical models
=» Put those into numerical models

=» Predict future climate change




Model Evolution 2

Mid-1970s Mid-1980s FAR (1990) *(Intergovernmental

(28t IPCC*-Report Panel on Climate
Change)

ARS5: 2013
ARG: 2021

SAR (1995) TAR (2001)

#

"

A

Interactive Vegetation

Rivers Overturning-
Circulation

Source: IPCC AR4
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Model Forecasts

=>» Historical

12 mmm Observations Manabe 1970 == Rasool and Schneider 1971
temperature Broecker 1975 === Nordhaus 1977 == Hansen 1981
. . 10 === Hansen 1988 FAR 1990 =sns Manabe and Stouffer 1993 e
prOJeCtIOnS Versus B SJE‘-R 1995 [T11] TAR 2[":'1 mEEE Am 20[]?’ Pl ]
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Where Are We Today? &

Global average temperature

Global surface temperature: increase above pre-industrial December 2025

Reference period: pre-industrial (1850-1900) » Credit: C3S/ECMWF . f taint
margin or uncertain
+1.38°C 9 £0.13°C Y

1.5°C

ERAS data

1.2

0.9

0.6

0.3

Other sources*

=

0.0 VAV

-0.3
1850 1900 1950 2000 2025

*Other sources comprise JRA-3Q, GISTEMPv4, NOAAGIobalTempvé, Berkeley Earth and the HadCRUTS ensemble mean. Shading shows the range of the HadCRUT5 ensemble.

B et (opemcss (s woor ESECMWF
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Where Are We Today?

= Warming is not evenly spread across the
earth

=» Aurctic is the fastest-warming region on
Earth

= Europe is the fastest-warming continent
= Several factors:

= Changing weather patterns (more intense
summer heat waves)

= Reduced air pollution (less cloud cover)

=» Decreasing snow cover (decreasing
albedo)

=» Geographical proximity to Arctic

21. Juli 2026 "Fir

The rate of warming varies across Europe
Linear trend in annual surface air temperature for 1996-2025

" Over the last thirty years, the
Arctic has been the
fastest-warming region on

Earth. The rate of warming
also varies across the Arctic.

-
Svalbard is one of .~
the fastest-warming
places on Earth.

North Atlantic |
‘cold blob'

/' Eastern Europe has
been warming faster
than western Europe.

Trend (°C per decade)
<<l

g

-1.5 07 05 -04 03 02 001 0 01 02 03 04 05 07 1 15

Data: ERAS - Credit: C3S/ECMWF

PROGRAMME OF
THE EUROPEAN UNION
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Where Are We Today? e

European temperature

European surface temperature:

increase above pre-industrial December 2025
Reference period: pre-industrial (1850-1900) - Credit: C3S/ECMWF o
+2.42°C
25°C ERAS data gg

2.0
1.5
1.0

Other sources* ~‘r‘l,
0 VAl

1950 1980 2010 2025
*Dther sources comprise JRA-3Q, GISTEMPv4, NOAAGIobalTempvé, Berkeley Earth and the HadCRUTS ensemble mean. Shading shows the range of the HadCRUT5 ensemble.

B s (opemicss (e - CSECMWF
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Where Are We Today? %/2

Arctic temperature
Arctic surface temperature: increase above pre-industrial December 2025
Reference period: pre-industrial (1850-1900) - Credit: C3S/ECMWF +3 25 o C
ERAS data
3°C
25
2
15 Other sources*
1 . “;"/j;\f‘,'f‘*'
05 -.“' ‘,\v“'w,‘\ e i \ W™ ; ‘/{’M""
LT Lt Ay wa ‘ \ / ‘
0 VA \ 4')‘, A [ Vn_l‘."#”‘ TR l‘\."(/
b WM Gl O
-05 f W ’\I‘ N
-1 lx N r;
1860 1890 1920 1950 1980 2010 2025

*Other sources comprise JRA-3Q, GISTEMPv4, NOAAGIlobalTempvé, Berkeley Earth and the HadCRUT5 ensemble mean. Shading shows the range of the HadCRUT5 ensemble.

B ocvssio (opemics (=~ SSECMWF
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Where Are We Today?

= North Atlantic ,cold blob®

= Cooling of 0.9°C since 1900
= Probable Reasons:

=>» Clearly attributable to anthropogenic
[human-caused] forcing

=» Changes in the high latitude ocean
circulation

=» Cool fresh water avoids sinking
creating more low-level clouds

=» One possible explanation is a
weakening Atlantic Meridional
Overturning Circulation

21. Juli 2026
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The rate of warming varies across Europe
Linear trend in annual surface air temperature for 1996-2025

" Over the last thirty years, the
Arctic has been the
fastest-warming region on
Earth. The rate of warming
also varies across the Arctic.

s
Svalbard is one of .~

the fastest-warming
places on Earth.

North Atlantic |
‘cold blob'

/' Eastem Europe has
been warming faster
than western Europe.

Trend (°C per decade)
<{HRma T | g

-1.5 07 05 -04 03 02 001 0 01 02 03 04 05 07 1 15

Data: ERAS - Credit: C3S/ECMWF
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Model Projections

)

Emissions pathways
Different social and economic developments can lead to substantially different future emissions of
: carbon dioxide (CO,), other greenhouse gases and air pollutants for the rest of the century.

2021
CO, peak
1404

- Very high

g_ 120

E’« 1004 CO, doubled

[=] €O, doubled

8 High

= 804

2

5 60

=

'«é’ 0. - €O, halved

k=]

oy

E 20 CU_ pP’ik

@ .

8« . €0, peak Medium
—ee | Low

Very low
-20- T T T T T T T T T
Ed':][!' 2020 2040 2060 2060 2100

CO, Removal

Source : IPCC, ARG, Technical Summary
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Model Projections e
(a) Global temperature change
6 —| Historical -
-1 55P1-1.9
—~  -SsPi-26 .
- §SP2-45
§ 4 — SSP370 @ §
S 1 SSP58S = 3
. &
g - s &
— 2 — e -~
e - g J=
2 T2
o 7 =
E ’ -—-\_,...-r“\/vf % §
—2 | 1 | | 1 | | 1 | 1 | | | | 1 1 1 1 | | 1 1 1 |
1950 2000 2050 2100 2000 2050 2100
Source : IPCC, AR6
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A

Model Projections

Long-term (2081-2100) projected annual mean
changes (%) in precipitation relative to present-day
(1995-2014)

low -

: High model agreement (=80%)
medium Low model agreement (<B0%)
emissions
scenario

Source : IPCC, AR6
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Model Projections A
(c) September Arctic sea ice area (d) Global mean sea level change
10 — 1.00 — -
Observed d
. S5P1-1.9 N
_ = SSP1-26
8 E 075 4 550005
= S5P3-7.0
< SSP5-8.5
@ 050 —
5
2
g 025 —
0.00 e
| | | | | | | | | | | | | | |

1950 2000 2090 2100 1950 2000 2050 2100

Source : IPCC, AR6
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Model Projections

Why should this worry us?
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Feedback Loops

P

= Complex system with
interactions like feedback
loops and tipping points

= Feedback loops in climate
change are processes that
either amplify (positive) or
weaken (negative) the effects
of global warming, acting as
self-reinforcing processes.

Climate Feedback Loops can be Positive or Negative

Positive pb: Negative
& Feedback . Feedback
Speeds up }
warming

A climate feedback is an important part of the Earth system and can set up a loop that influences the type of change.
Negative feedback loops help maintain a fairly constant level within the system. Positive feedback loops accelerate or

amplify a change.
UK Met Office

Source : UK Met Office
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Feedback Loops - Examples F

= Forest Dieback (positive feedback loop):

A self-reinforcing climate feedback mechanism.

g -
Droughts and higher Releasing stored carbon k ¥ causing more warming
temperatures increase 5 into the atmosphere and more wildfires that
wildfires and - destroy forests

destroy forests & 8 PO o
L ]
€02 .

FOREST CARBON EMISSIONS WARMING
Positive Feedback

SUN FOREST I@ CARBON EMISSIONS I@ WARMING @ WILDFIRE

Source: Generated with ChatGPT (OpenAl), 2026.

21. Juli 2026 "Find your Nature" summercamp 2026, Bispingen by Calumed e.V. 42



Feedback Loops - Examples

= Forest Dieback (positive
feedback loop):

o fires as ared
2025 rotal

chief say$

00
ds pu | dg

- tection
p. civil pro’
of year

ecor
rqnce Y
‘:aurned already

Seymd Erkul DoYOn®

o
16,30y 2026 + VP

Burnt areas across Europe and the Mediterranean in 2025
Data: European Forest Fire Information System (EFFIS) « Credit: EFFIS/CEMS/C3S/ECMW

Extent of burnt areas

P [ ]
. Area = 5000 ha iy
° 2 g
1000 < Area < 5000 ha o
L ) ! ° ® ..
@ 500 < Area< 1000 ha o i.a
100 < Area < 500 ha L 3
Area < 100 ha ;

F

e
(@85 g8
B eoetio (opemicys (e o &SECMWF (A
Source: anews.com
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Feedback Loops - Examples P

=> Ice-Albedo Feedback (positive loop):

A self-reinforcing climate feedback mechanism in the Arctic.

r

Rising temperatures
melt white Arctic sea ice

\

P

SUNLIGHT SEA ICE @ OCEAN WATER @ HEAT

=\

Less ice and more Darker surface absorbs more

exposed darker ocean water solar heat, causing more warming
and more ice to melt

OCEAN WATER

Positive Feedback

Source: Generated with ChatGPT (OpenAl), 2026.
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Feedback Loops - Examples

#)

= Ice-Albedo Feedback (positive loop):

(c) September Arctic sea ice area

10
E_
I
§ - \
E 4-—
2_
_| Practically sea ice free _
l] | | | | | |
1950 2000 2080 2100

Ice-Albedo Feedback Loop
A self-reinforcing climate feedback mechanism in the Arctic.

self-reinforc

()'ggf; o

Source: Generated with ChatGPT (OpenAl), 2026.

Source : IPCC, AR6

21. Juli 2026

"Find your Nature" summercamp 2026, Bispingen by Calumed e.V.

45



Feedback Loops - Examples P

= Negatives loops help the Earth system to remain stable
= Ocean uptake of CO, (negative loop):

A self-regulating climate feedback mechanism that temporarily limits warming.

~N

Large fraction of human
CO, emissions are
absorbed by the oceans

Ocean uptake slows
atmospheric CO, increase

Reduced atmospheric CO,
reduces warming

CO, dissolves in seawater and is
stored in the ocean interior for
centuries to millennia.

Negative Feedback
The ocean removes CO, from the atmosphere,
which reduces warming and helps stabilize the climate.

—
l I Ii c®o & CARBON UPTAKE ENiTie REDUCED CLIMATE
& STORAGE WARMING STABILIZATION
HUMAN EMISSIONS CO, MOLECULE OCEAN

Source: Generated with ChatGPT (OpenAl), 2026.

Lower greenhouse gas levels
lead to weaker warming and a
more stable climate.

Human activities release CO,
into the atmosphere.
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Feedback Loops - Examples F

= Negatives loops help the Earth system to remain stable

= Ocean uptake of CO, (negative loop):

Source: Generated with ChatGPT (OpenAl), 2026.

Problems:
« Warmer ocean absorbs CO, less efficiently

« Ocean acidification due to CO,, uptake
» The ocean is buying us time — not solving the problem.
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Feedback Loops

= Why are feedback loops important?

= CO, may cause initial warming
=» Feedback loops can multiply this warming significantly

= Especially positive loops can lead to "tipping points" where changes become
irreversible

2 x CO, N +1°C in global
(without feedback loops) temperature

2 x CO, — +2.5 - 4°C long-term

(including feedback loops) warming
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Tipping Points

= Tipping points occur when a positive
feedback loop crosses a threshold

= This leads to large changes, that often
can‘t be turned around or reversed.

Tipping Point

I

!

]

I

I

I

I

I
®
1 N
I

]

!

]

I

I

]

I

I

]

System state

Regime A

Tipping points within Earth’s climate system mark a threshold at which positive feedback loops can ‘tip’ an existing,
predictable system into a profoundly different pattern.
Creative Commons Rauter et al.
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Tipping Points ’

‘t&\\

. Arctic Winter Sea Ice collapse

Green:‘and
Ice Sheet
loss . ® Barents
Northern/_,\ N Sga I(ée
Forest [ *) abrup
\_J Boreal Labrador- l . Northern
9 ExaCt threSh()ldS for g%?r'nesrign Pg:fnaafrost }:rx.":‘eg:‘t'i'osneas = Boreal ‘i\) Forest
. . . abrupt collapse Permzlalfrost gpu;he;n
most of the tipping points thaw collapse iebac
i Atlantic
are uncertain Atlantic
Overturning -~
; ; Circulation Sahel L ;
Y Vegetation & ow-Latitude
9 Wlth the I'ISG above * Regional Prorer cessation Wegst African coral;:‘gﬁ
o T : : elements Rai Monsoon » Uie”
+1.5°C there is a high risk _ "™ dg'g;g;e; greening
. . H H : elements
of triggering tipping points
Tipping Extrapolar
. becomes falaclers
> Leads to greater risk of kel within o= (v
unexpected changes 2,037
3,7-6,0 . East Antarctica:
[ >6°C West Antarctic East Antarctic Subglacial Basins
of global Ice Sheet lIc?:sSheet . lose . Q:Q:
warming, loss . S===o=

OB veweraa sz Source: Potsdam Institute for Climate Impact Science (PIK)




Tipping Points 2

. Arctic Winter Sea Ice collapse
Greenland

Ice Sheet
loss . ® Barents
Northerno * . -’ Sga I(I::e
potesy Labrador- aLID
th Boreal ; loss Northern
9 ExaCt th rEShO|dS for g%arssrign Permafrost }:rgwegcetli'osneas Boreal O Forest
abrupt llapse Permafrost southern
cotlap collapse dieback

most of the tipping points thaw
alre ncertain Atlantic
There are concerns that the tipping of individual elements could

trigger feedback loops that cause changes in other subsystems of

oy Extrapolar
. Elepce;r?w%s f}laciers
: thi 0ss
> Leads to greater risk of kely within .
1,5-<2,0
unexpected changes 2037
Elatall . East Antarctica:
[ >6°C West Antarctic East Antarctic Subglacial Basins
of global Tce Sheet e ()2 =N WY
warming, loss . S=SE===
IO Source: Potsdam Institute for Climate Impact Science (PIK)
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Tipping Points

P

= Greenland Ice Sheet

7

Thickest point nearly 3500 m

= If the ice melts, it won't be able to
grow back, even if temperature
returns to ,normal“ conditions

= Not immediate collapse but the
beginning of an irreversible transition
for centuries to come

Source: https://worldview.earthdata.nasa.gov i
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Tipping Points

¥

= ,Greenland’s Ice Sheet might be

close to first tipping point”
(Potsdam Institute of Climate Impact Science, May 2023)

= Long-term global sea-level rise
HOning et al., 2023:

=> Passing of +0.6°C - 26 cm (1950t)

= Passing of +1.6°C - 2.4 m

= Consistently passing +2°C -
eventually up to 7 m rise

= Increased freshwater input into the

North Atlantic, potentially affecting
ocean circulation

21. Juli 2026

Mass balance of the Greenland Ice Sheet and its
corresponding contribution to sea level rise
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Tipping Points A

v v

Atlantic Meridional Overturning Circulation

Winds and differences in salinity transport
warm surface water north, heating up
northwest Europe

Deep water formation (overturning): Fougou
= Warm surface water cools down and evaporates

=>» As sea ice forms salt cannot fit into ice’s crystal
structure (,brine rejection)

=> extremly cold and dense
saltwater sinks into deeper ocean

West to the East to the

Stabilizes climate conditions, especially in \ /
E u rO p e ~ AMOC flows continue

Source: https://www.science.org/content/article/ocean-current-warms-europe-may-be-more-resilient-feared




Tipping Points P
3 The Atlantic Meridional Thermohaline Circulation
Overturning Circulation = X o’ Jecp Waterforgeey
(AMOC) is part of the : ) L
global Thermohaline
Circulation

= A weakening or collapse of
the AMOC will have a
global impact

I | salinity (PSS)
32 34 36 38

Source: Robert Simmon, NASA. Wikimedia Commons
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Tipping Points
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Tipping Points

= Is the AMOC approaching a
critical threshold?

=» Scarce observations suggest a
weakening in recent decades

Temperature Anomaly (°C)

1.25
1.00 A
0.75 1

0.50 A

0.25 {4 — Caesar et al., 2018 sea surface temperatures
—— Rahmstorf et al., 2015 terrestrial proxies
0.00 4 = Thornalley et al., 2018 subsurface temperatures
—— Sherwood et al., 2011 deep sea coral data
—0.25 4 == Thornalley et al., 2018 sortable silt data
—— Smeed et al., 2018 RAPID measurements
—0.50 4 — Thibodeau et al., 2018 benthic foraminifera core data l
Ll [ | T T T T T T
400 600 800 1000 1200 1400 1600 1800 2000

Year

Source: Rahmstorf (Oceanography, 2024)

4— Weaker AMOC  Stronger AMOC —
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Tipping Points

P

= Is the AMOC approaching a
critical threshold?

=» Scarce observations suggest a
weakening in recent decades

= large model differences (no
interactive greenland ice sheet)

Mean winter surface temperature anomalies (2005-
2025) with AMOC slow down at the end of the century

low emission scenario high emission scenario

+3.42

100 -80 -60 -40 -30 -20 -0 -05 00 0.5 1.0 2.0 3.0 40 6.0 8.0 100
Temperature difference (K)

Source: A Nordic Perspective on AMOC Tipping (2025); Credit: FMI, Laura Thélix
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Tipping Points F

Is the AMOC approaching a
critical threshold?

Scarce observations suggest a
weakening in recent decades

large model differences (no
interactive greenland ice sheet)

possible early warning signals
but no precise prediction of timing

Source: Max Planck Forschung (Ausgabe 2, 2026)




Tipping Points

't&\\

> IPCC ARG (2021):

“With medium confidence,
AMOC shutdown is unlikely
this century.”

= “While there is medium
confidence that the projected
decline in the AMOC will not
involve an abrupt collapse
before 2100, such a collapse
might be triggered by an
unexpected meltwater influx
from the Greenland Ice Sheet.”

Relative to 19952014 (Sv)

Atlantic meridional overturning circulation

H —

=

dn
|

|
=]
|

2100

Source : IPCC, AR6




Tipping Points

Some recent studies suggest the risk may be
underestimated,

highlighting the potential for substantial, persistent global
Impacts Iif tipping points were crossed.
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Tipping Points 2

= Drijfhout et al. (Env. Letters, e 55p126 A ACCESS-CM2 D CanESM5 G MRI-ESM2-0
. m— ssp245 B ACCESS-ESM1-5 E GISS-E2-1-G H NorESM2-MM
2025). ,Shutdown of northern s 585 C CESM2-WACCM  F IPSL-CM6A-LR 1 UKESMI-0-LL
Atlantic overturning after 2100 S
following deep mixing collapse in 25} — :
C . ” -
CMIP6 projections = 0
: : z 20| B
Risk of collapse: & — .ll
= High emission scenarios: 70% ‘f 15F '@
= Medium emission scenarios: 40% ‘£ I!l
- : =10 | '
= Low emission scenarios: 25 % <= ‘
= \ D
Z o ===, = \
| Collapse might be after 2100, i | | ' ! ﬁ]_ \l'
tipping point is probably in this 1900 2000 2100 2200 2300 2400 2500

century Time [year]

Source: Drijfhout et al. (Env. Letters, 2025)
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Tipping Points

= Open letter to the Nordic Council of
Ministers warning of the devasting
impacts of a collapsed AMOC

Open Letter by Climate Scientists
to the Nordic Council of Ministers

Reykjavik, October 2024

We, the undersigned, are scientists working in the field of climate research and feel it is
urgent to draw the attention of the Nordic Council of Ministers to the serious risk of a
major ocean circulation change in the Atlantic. A string of scientific studies in the past few
years suggests that this risk has so far been greatly underestimated. Such an ocean
circulation change would have devastating and irreversible impacts especially for Nordic
countries, but also for other parts of the world.

-l T T T
-2.4 -12 -0.6 0 0.6 1.2 2.4 (°C)

Annual mean temperature change in an idealised future CO2 doubling scenario
in which the AMOC has fully collapsed. Source: Science’.

Source: Arctic Circle Conference in Reykjavik, Iceland (2024)
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Tipping Points A

= |IF AMOC collapses, it reshapes global climate pattern:
= Redistribution of heat

=» Strong cooling in the Northern Hemisphere (Arctic mean temperatures ~7°C colder)

=» Strong warming in the Southern Hemisphere (Antarctica mean temperatures ~6°C
warmer)

=» Climate impacts highly regional

= Europe: (paleoclimate research)
= Heatwaves and Droughts in summer due to atmospheric blocking (Schenk et al. (2018))
=>» Very cold winters (van Westen et al. (2024): up to 20 °C colder)




Tipping Points

AMOC Collapse Visualisation
Showing +2°C of global warming with a collapsed AMOC

Source: amocscenarios.org

Annual freezing days
(below 0°C)

Number of days each year with freezing daytime
temperatures (maximum temperature below 0°C)

44 days/ year

53.5N, 10E

Models Metrics
Show as change
comprediore (@) oociin g
industrial times
Pre-industrial Climate June/July/August
= temperature
AMOC On
December/January/February
+2°C of global warming temperature
Collapsed AMOC
Cold extreme event
v
Warm extreme event
Sea-ice cover

Annual freezing days
(below 0°C)

Annual freezing nights
(below 0°C)

» Cold extreme events up to —30°C every ten years

» 123 freezing nights per year
» Sea ice on North Sea in March

(=)

s / year

(above 20°C)

Annual hot days
(above 25°C)

Map Opacity

180)

Leaflet | Underlying map © OpenStreetMap contributors and © CARTO, model & metric tiles © amocscenarios.org.
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Tipping Points

't&\\

= |IF AMOC collapses, it reshapes global climate pattern:
= AMOC collapse turns ocean from CO, sink into CO, source releasing CO, into
the atmosphere

=> Further global warming
= Even a significant weakening of the AMOC can have dramatic impacts




Irreversibility .

= Roger Revelle (oceanographer and climatologist):

,Human beings are now carrying
out a large scale geophysical
experiment of a kind that could not
have happened in the past nor be
reproduced in the future.”

New York Times, 1957

been. When 2
studied, they
whether ma.‘l“se‘
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n burning 10 to flow In

21. Juli 2026 CO IUe 177 ot

¢ PR

_________




How can just 0.04% CO, change the
climate of an entire planet?

= CO, changes the Earth's radiation balance
= Feedback loops amplify the initial warming

= And because CO, remains in the atmosphere for a very long time, today's
emissions determine tomorrow's climate.
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All Hope Is Lost?

P

=» International Cooperation

> eg. Paris Agreement (2015): nearly all countrys agreed to keep global warming
below 2°C and pursue efforts to limit it to 1.5°C

Is this still possible?
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Remaining Carbon Budget P
Greenhouse gas emission Global warming
“~__ "
related!

Historical emissions (1850 — 2025): 2770 GtCO, === ~ +] 38°C
Currently ~ 40 GtCO, per year

How much more CO, can we emit to
stay below +2°C (+1.5°C)?

Source: Global Carbon Project, January 2026
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Remaining Carbon Budget

Greenhouse gas emission

"

related!
1.5°C 1.7°C
(50% likelihood) (50% likelihood)

= Consumed
Gt CO; & Remaining

Global warming

2.0°C

(50% likelihood)

Source: Global Carbon Project, January 2026
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All Hope Is Lost?

A

=» International Cooperation

> eg. Paris Agreement (2015): nearly all countries agreed to keep global warming
below 2°C and pursue efforts to limit it to 1.5°C

=» 35 countries with declining emissions in the last decade (2015-2024)

= German Climate Protection Program: Climate neutrality by 2045.




#
All Hope Is Lost? >

Policies & action
Real world action based on current policiest

Policies Optimistic scenario
& action Best case scenario and assumes full
implementation of all announced targets

including net zero targets, LTSs and NDCs*

Optimistic t Temperatures continue to rise after 2100

scenario ) )
* If either 2030 or 2035 NDC targets are weaker than projected

+2.4°C emi;gions lev_els under policies & action, we use levels from
+1 -9, C Policies & action
+1.5°C
1.5°C PARIS AGREEMENT GOAL CAT warm | ng p I'OJ ectlo ns
WE ARE HERE Global temperature
135 Naming increase by 2100

November 2025 Update

PRE-INDUSTRIAL AVERAGE

Global mean
temperature
increase
by 2100

Source: Climate Action Tracker
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What Can We Do0?

= Energy transition and decarbonization of the economy

=>» Rapid expansion of renewable energy

Nadine May (DLR, 2005)

=» Land area required for solar power
plants to meet electricity demand
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Wetter und Klima aus einer Hand

Wh at C an We D O ? Deutscher Wetterdienst E

= Progress in science and innovations

= Protecting natural carbon sinks
=» Forest conservation and restoration
=» Protecting oceans and ecosystems

=» Improving soil and land management

= Education = ,Find your nature” summer camp in Bispin

Understand, why change
IS necessary!
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What Can We Do? >

=> Individual choices matter
=» Each of us can contribute by making more climate-friendly choices
= Climate change is more than an individual challenge
=> It's a collective transformation
=» Because climate change is driven by the way our societies produce and consume,
=» Therefore meaningful solutions require changes at the societal level
= Prepare for unavoidable impacts

= Even with ambitious climate action, some changes are already unavoidable.

=» Investing in climate action today is far less costly than paying for the
damages of climate change tomorrow




Key Messages — What We Know

v v Vv VvV

7

Human greenhouse gas emissions are warming the planet.

Every additional tonne of CO, increases future warming.

Crossing tipping points becomes more likely with increasing warming.
Too late? No, but every fraction of a degree matters.

Scientific uncertainties remain, but the evidence is already sufficient to
justify rapid action.

The core challenge is no longer understanding the problem, but solving it.

The future is not predetermined, it depends on the choices we make today.




Climate Change in Ten Words 2
It‘s real.
It‘s us.
It‘s bad.
Experts agree.
There‘s hope!
(Anthony Leiserowitz, 2017)
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Thank You For. Your Attention!
g 41k
Any QUestions?

Sebastian Schappert
S.Schappert@web.de

Source: showyourstripes.ifiio
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