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The GHG Protocol
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Within the EU certain companies need to report
their carbon emissions based on GWP,,,. That
includes emissions from scope 1,2 and 3.

Global warming relative to 1850-1900 ("C)
20 4

Observed monthly global
mean surface temperature

Estimated anthropogenic

104 warming to date and
likely range

Likely range of pathways
Global CO:z emissions reach net zero in 2055 while net
non-COz radiative forcing is reduced after 2030 (grey inb, c &d)

2007 » || Faster COz reductions (blue in b & c) result in a higher

probability of limiting warming to 1.5°C

» | No reduction of net non-CO:z radiative forcing (purple in d)
results in a lower probability of limiting warming to 1L.5°C ~ ~—

1960 1980 2000 2020 2040 2060 2080 2100

The timing and mix of emission reductions
matters for temperature outcomes.

co, N0/ SFq
cH |
y HFCs NFa
PFCs

Scope 1

The temperature effect of one year's global
emissions of methane and CO,,.

0.03
CO, emissions continue
to warm the atmosphere
for centuries.

ho

0.025

The warming effect
of methane disappears
within a few decades.

J

0.015 |-

0.01

Change in global temperature (°C)

Some heat is left,
stored in the oceans.

1 ! 1 1 1 ! 1 ! 1
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Due to different lifetimes and radiative forcing
efficacy, the warming effect of CO, and CH, is
very different in timing and amount. Emission
metrics need to account for that. GWP,
cannot.
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GWP100 or 20 is based on pulsed
emissions and the integrated
radiative forcing over the time
horizon.
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GWP* accounts for the fact
that it is the change in the
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CH, pulse 001 _ warming/cooling of short
0.05 HFC-134a ] CH, sustained lived GHGs.
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Basics

Present and future
Climate change

Actions

——

General outline
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Introduction to the climate system
Climate System, Radiation
Radiation, Earth’s Energy balance, Greenhouse effect

Aerosols & clouds, Radiative Forcing

Feedback mechanisms, Climate Sensitivity
Paleoclimate

Climate variability, Introduction to IPCC

Current state of climate, IPCC — report, Paris Agreement,
Climate scenarios (RCPs, SSPs)

Emissions Gap, 1.5 vs 2.0°C vs warmer, Tipping
elements, Extreme Events

COP 30, Extreme Events Attribution Studies, Carbon
budget

Climate litigation, Metrics,

Carbon offsets, Polar climate change

Mitigation measures

Climate engineering,
guestions and answers session

_ Deadlines / tentative
11.09.2025

Questionnaire (not graded)

launch of first assignment
Launch of poster project

submission of Poster
proposal (graded)

submission of Poster draft

(graded)

submission of assignment (graded)

Poster Conference raded)

fill in Questionnaire Iin
EeXercisSes (not graded)
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=PFL  Paris agreement and polar tipping points ‘

Range: Min Max '® Central estimate

0.0C . 2.0 4.0 6.0 8.0 10.0
® | = 12 out of 16 top tipping points
are associated to extreme

o
o .
environments
Tropical coral reef die-off @ (polar and high altitude regions)
@
@

Greenland ice sheet collapse :

West Antarctic ice sheet collapse

Northern permafrost abrupt thaw

Barents Sea ice loss

Labrador Sea current collapse . @

Mountain glaciers loss B = 6 out of 7 tipping points

West African monsoon shift e potentially activated within the
East Antarctic glacier collapse R Paris range are related to polar
Amazon rainforest dieback ' | ® regions and the Cryosphere.

Northern permafrost collapse

Atlantic current collapse

Morthern forests dieback - south : |

Northern forests expansion - nortH . |

Arctic winter sea ice collapse . o I

East Antarctic ice sheet collapse ! o

1.3 °C in 2024 > 1.1CCurrent level of warming | T 1.5-2.0C Paris agreement targets

m Guardian graphic. Source: Armstrong McKay et al, Science, 2022. Note: Current global heating temperature rise 1.1C
Paris agreement targets 1.5-2.0C

Armstrong McKay et al. (2022)



=P7L  Accelerated warming in the polar regions 5

Zonal mean

—— Observation (Berkeley Earth)
— Other observation datasets

—— CMIP6 multi-model mean (49)
-~ 5-95% model range

Arctic: Largest model
spread!

: o : N Antarctic: Unclear

Missing whether there is
data 5 amplification or not
—~——— [ according to the
-24 21-18-15 21 09 06 03 /0 03 06 09 12 15 18 21 24 models!
¢ According to climate
Only 23 weather physics there will be
stations on amplification.

- IPCC, ARG Antarctical



=PFL  Polar Amplification

Global Warming Level 1.5°C Global Warming Level 2.0°C Global Warming Level 3.0°C

Change in
annual mean
temperature
from
1850-1900
(°C)

-6°C -5°C -4°C -3°C -2°C -1L’C 0 1°C 2°C 3°C 4°C 5°C 6°C

« The polar regions warm faster than the rest of the globe, this is called: Polar Amplification.

« Warming in the Arctic is more accelerated compared to the Antarctic.

« The IPCC states that we do not know when and how fast Antarctica is going to respond to climate
forcing. This is a concern (e.g. sea level rise).

" IPCC, ARG, WG2, Fig. 18.4, https://www.ipcc.ch/report/ar6/wg2/figures/chapter-18/figure-18-004a



=PFL Disappearing landscapes: The Arctic at +2.7°C global
warming

JULIEMME C. STROEVE . DIRK MOTZ . JACKIE DAWSON EDWARD A. G. SCHUUR . DORTHE DAHL-JEMSEMN, AND CELINE GIESSE Authors Info &

Affiliations

SCIENCE - 6Feb 2025 - Vol 387, lssue 6734 - pp. 616-621 - DO 10.1126/science.ads1548

Bangladesh's “queen of cholera™ Language-like patterns in Calculating genetic risks
campaigns for vaccines 5 572 whale song o 5514 649 for

Kidney disease p <o

= Under current nationally determined contributions (NDCs) to
mitigate greenhouse gas emissions, global warming is
projected to reach 2.7°C above preindustrial levels.

= ...we show that at such a level of warming, the Arctic would
be transformed beyond contemporary recognition:

* Virtually every day of the year would have air temperatures
higher than preindustrial extremes,

'S

» the Arctic Ocean would be essentially ice free for several
months in summer,

» the area of Greenland that reaches melting temperatures for at
least a month would roughly quadruple,

» and the area of permafrost would be roughly half of what it
was in preindustrial times.




=P7L  Arctic Future wamming

What Does the Future Hold? - Arctic

Global warming level:
® Preindustrial ©15°C @2.7°C * |Ina1.5°C warmer world, Arctic air

a C . temperatures exceed levels
Al considered “extremely warm” under
pre-industrial conditions on more

A
o than 80% of all days.
MAM Vo' & * |fthe world reaches 2.7°C, every day of

m the year will have Arctic temperatures
JIA ‘ exceeding the temperature extremes
M under pre-industrial conditions, with
SON | m—— . | expected average warming in winter

|
2 0 9 10 15 exceeding 10°C
Arctic mean SAT anomaly (°C)

Stroeve et al. (2025)



=P*L  Present day Arctic Amplification
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Fig. 5 Seasonality of the 43-year (1979-2021) Arctic amplification ratio. Hersbach et al.

c)

(2019)

Arctic Amplification is largest in winter.
The absolute trends are largest in the central

Arctic.
Most of the warming occurs in the lower
atmosphere.
-1,50-0.,75 0,00 0.75 1.50 01 2 3 45 6 7
Temperature trend [°C decade—1] Local amplification

Rantanen et al. (2022)



=Pt Contributions to Arctic warming

Winter — no sun

Winter warming (K)
o
B
K
z,
N
%

-5-4-3-254 152 3 45 6 7
Q;?*:M —5 | Summer warming (K)
7 2
& —4
N .

Figure 2 | Warming contributions of individual feedback
mechanisms. b, Arctic winter versus summer warming. Grey is
the residual error of the decomposition.

Pithan and Mauritsen, Nat. Geoscience, 2014

= Need to distinguish winter and
summer mechanisms.

= Note the role that CO, plays.

10
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Extent (millions of square kilometers)

1. Albedo effect: Arctic sea ice retreat O

Arctic Sea Ice Extent

(Area of ocean with at least 15% sea ice)
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http://nsidc.org/arcticseaicenews/

Dec
28 Nov 2025

National Snow and Ice Data Center, University of Colorado Boulder

Extent (millions of square kilometers)

wu

Average Monthly Arctic Sea Ice Extent
August 1979 - 2024

> 40 % loss in 40
years!

National Snow and Ice Data Center

4
1980

1984 1988 1992 1996 2000 2004 2008 2012 2016 2020 2024

Year

Less sea ice means that less solar
radiation is reflected back to space and
that the ocean absorbs more heat.

11



= |ce free September:

* |PCC: at the end of the 21st
century in moderate emission
scenarios, mid-century with high
emission scenarios

 New studies: as soon as 2030,

highly likely by mid-century (e.g.
Kim et al., 2023)

8

Observations

SSP1-1.9
SSP1-2.6




=PFL  ]ce-free Arctic

= Definition: sea ice
area < 1 Million
kim?

= A summer ice-free
Arctic would be
the first time over
80°000 yrs (or
even longer)

= Jahn et al. 2024

2020 2060 2040 2060 2060
Year of consistently ice-free conditions

Fig. 5| Regionalice-free conditions. a, Year seaiceis consistently ice free for july
to November for SSP1-L9, calculated as the first time sea ice concentration(SIC)
ineachgridis below 15%inagivenmonthin the ensemble mean™ of the selected
CMIPé6 models'". Bright white areas indicate regions that retain ice cover with more
than 15% SICin 2100, whereas dark blue areas indicate regions that became ice free

2070 2080 2090 200

before 2020 or that never had ice cover. b, The same as in parta, but for SSP1-2.6.

¢, Thesameasin parta, but for SSP2-4.5.d, Thesameasin part a, but for SSP5-8.5.
Forcing scenarios have abigimpact on the regional seaice loss, with no ice-covered
regions expected to remain between July and November by 2090 under SSPS-8.5,
butsomeice-covered regions remaining for every monthunder SSP1-1.9,

13
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=Pl Albedo effect: snow cover

May SCE Anomaly
June SCE Anomaly

—31 @ North American Arctic -3 -
@ Eurasian Arctic

1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
Year Year

Fig. 1. Standardized monthly snow cover extent anomalies relative to the 1991-2020 climatology
for Arctic land areas (>60° N) for (a) May, and (b) June, from 1967 to 2022. Solid black and red
lines depict 5-year running means for North America and Eurasia, respectively. Filled circles are

used to highlight 2022 anomalies. Source: NOAA snow chart Climate Data Record (CDR).
= https://arctic.noaa.gov/report-card/report-card-

YNODI+AviAactrial e ~~yrarv]
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2. Ocean effect: winter

Ocean releases heat to the
seaice (called leads).

the atmosphere which acts as
greenhouse gas.

atmosphere through openings in the

This also increases the water vapor in

2 ST oy

S A e SE
Ocean water

15



=PFL 3. Planck effect © -

= Blackbody radiation

= The different regions of Earth
need to compensate for the
radiative forcing from GHGs.

= The colder the body the more it
must heat:
* To equilibrate 1 W m-

@ 30 °: black body needs to
warm by 0.16 °C

* @ -30 °C: black body needs to
warm by 0.31 °C

Field work in the
LWR longwave radiation central Arctic, 2020
¢ = surface emissivity (~1)

LWR = e*oT?



=FL 4. Lapse rate effect O

" height

* Temperature
increases with height

—> positive slope
* The lapse rate is

defined as the slope The lower Arctic atmosphere is

unable to transport heat
upwards because of positive
lapse rates (also called
temperature inversions).

Cold air does not rise
- Atmosphere is highly stratified
» —> Heat is stuck at the surface
/ / —> Surface experiences amplified warming

»

-40°C -10°C

17



=PFL B, Aerosol effect

 Anthropogenic emissions have
decreased in the past decades because
of cleaner air policies.

 There are less aerosols in the Arctic.

25 _]
a C)

e 20| _
2 151 _
N6 1.0 | \ —
» 951 _

0.0 | | | | |
1970 1980 1990 2000 2010

®Schmale et al. (2022)



=PFL B, Aerosol effect

Current LEegislation scenario

Arctic temperature change Net change

relative to 2015, °C

2 - « SO, emissions decreased -
reduced cooling

*+ CO, emissions increased -
warming

14 « Black carbon in the Arctic
decreased - reduced warming

Estimated contribution to warming

of CO, and SO, roughly equal!

O e

CO,: 0.29 °C/ decade

e —————————8

CO, emissions will be the most
critical warming agent, also on the

-1+ short term.
sulfate: 0.28 °C / decade :
-2 4 Analysis : Projection
T T T | J T T |
1990 2000 2010 2015 2020 2030 2040 2050
- . Black carbon Sulfate aerosols Carbon dioxide . Methane

Von Salzen et al. (2022)
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5. Cloud effect

The typical low level clouds in the Arctic act as a blanket.
They absorb longwave radiation and re-emit it to the
surface.

The surface warms.

This effect is opposite to the global cooling effect of low
clouds.

The reason is that the shortwave radiation does not play
much of arole. The seaice under the cloud reflects the
solar radiation as much as the cloud, so thereis no
surface warming and it does not matter whether there is a
cloud or not from the shortwave perspective.

Strato-cumulus cover

INP

¢ W NN

IR warming

* e
e TE P VY 4
o vy v

*sy VY Y
Pack ice

ow pressure state High pressure state

20



=PFL B, More aerosol and cloud effects

ccRL

This is what my

group typically
works on.

® Schmale et al. (2021)

—-

Long-range
transported particles

Low-level clouds, fog

Secondary
.+, aerosol

"t "<« H,S0,
} i

SO,

Sea-spray
primary aerosol
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\ ¢X \
\ \

. DMS ¢ .

’Q' ".’- .‘.0 *s VvYY *
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Arctic Ocean Marginal ice zone
Temperature

Low-level clouds, fog

Long-range
— {TANSPOted
particles .

Sea-spray
primary aerosol Secondary
aerosol

: she o
Blowing o
SNOW "¥  afe

ate  TE

Marginal ice zone Pack ice

Low pressure state

Strato-cumulus cover

*sVYY

Pack ice

High pressure state
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Studying reasons for Arctic Amplification
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=PFL @, Atmospheric Transport of heat and moisture O

Moist and warm air mass transport from lower latitudes to the Arctic is becoming more frequent and intense.
This has strong impacts on the sea ice melt.

13 April 2020 15 April 2020 17 April 2020

T 00
-32 -24 -18 14 10 -6 -3 -1 0 1 3 6 10 14 18 24 32

2 m temperature anomaly (°C)

23



=PrL  Warm air mass intrusion

0 — 0.8
-— Temperature
— \Water Vapor
0.63 °C/ hr
10 record in 40 — 0.6
© years
o
=
(]
o — 0.4
Q.
: \
2
5
\A 0.2
-40 = | | | | | |
01.04.2020 06.04.2020 11.04.2020 16.04.2020 21.04.2020 26.04.2020 01.05.2020

m Dada et al. Nat. Commun., 2022

(9%) 10deA 1ajem



=PrL Warm and moist air
mass approaching




EPF

Seaice breaks up

with the strong winds










=P7L  Implications: shipping and resources

Summer: 2010-2019 Summer: 2030-2039

\120°E 120°W

Ice Concentration

Ice Concentration

0 20 40 60 80 100 0 20 40 60 80 100

= 13 % of world’s oil, and

= 30 % of world’s gas resources may
be found in the Arctic

m  Aksenov et al. (2017), Gautier et al. (2009)
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Arctic resources
Oil, gas and mining

A Oll and gas exploration and production sites
| Main mining sites

-== Main projected pipeline

— Main existing gas and oil pipeline

B Prospective areas and resenves

Notes:

* Probabiiity that at ieast one accumulation over 50 m
The map was adapred by EEA from Nordregio, 2015

Patentlal ol and/or gas field * Other features

Medium (3C-50%), sea === Arctic circle

High (> 50%), sea National/regional boundaries

Medium (30-509%), land Arctic region defined as in Arctic
Human Development report

High (> 50%), land

on barrels of oil or 0/ -equivalent gas exist after USGS i, NORDREGD

A St e Gt
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‘!" L5

k AP
billion Rﬁes of ice

'ean sea level

tonnes per year between 2013 and 2517 on average,
as atmospheric circulation favoured cooler conditions
and ocean temperatures fell. g

-
Yar

- SR

~

Many contributions to mass loss:

variations in snow accumulatiOrf
meltwater runoff

supraglacial lake formation and;v
drainage

ocean-driven melting iﬁ
iceberg calving 52
glacier terminus retreat ;{
submarine melting
ice flow 5

Roughly 50 % contribution from surface
melt and glacier dynamics.

“’“)LL

N m“'
-

https://svs.gsfc.nasa.gov/
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Fig. 2: Greenland Ice Sheet mass balance.

dM/dt (Gt yr)

200

-200

~400-

IMBIE Team, Nature, 2019, https://www.nature.com/articles/s41586-019-1855-2

— Altimetry

—— Gravimetry

—— Input-output method
= All

Greenland

o L i
o o
Sea-level contribution (mm yr7)

O
3

-k
o

1.5

2005 2010 2015

1

2020

What happened here?

Positive NAO

Negative NAO

Atmospheric Pressure
o o o o e [ [ ]
low high

Oscillation between
pressures states of the
Icelandic Low and Azores
High. Their state influences
the location and strength of
the jet stream.

31



=PFL  Greenland

JJA NAOQO index (final value: 2020)

NAQ index
o

‘l.ll
1

Al ‘

Indelx baseline period: 1951-1980

1850 1900
https://crudata.uea.ac.uk/cru/data/nao/viz.htm

Tim Osborn (GRU, UIEA)

2000

1950

NAO: North Atlantic Oscillation

= Hofer et al., Sci. Advances, 2017, _
GBI: Greenland Blocking Index

https://advances.sciencemagq.org/content/3/6/e1700584

—NAO index (JJA)
GBI (JJA)

, — MAR cloud cover (JJA)
1.5 s / 48

] \ 47
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JJA cloud cover (%)
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https://advances.sciencemag.org/content/3/6/e1700584

=PFL  Arctic permafrost carbon

Carbon stored in the Arctic permafrost
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= Arctic permafrost stores 2 x the

atmospheric carbon budget.

Projections from models of
permafrost ecosystems suggest
that future permafrost thaw will
lead to some additional warming —
enough to be important, but not
enough to lead to a ‘runaway
warming’ situation, where
permafrost thaw leads to a
dramatic, self-reinforcing
acceleration of global warming.

CO, and CH, will be released,
equivalent to 14-175 Gt of carbon
dioxide released per 1°C of global
warming. (2020 human CO,
emissions budget ~34 Gt)



~ More and more intense forest fires in the boreal belt

Not a tipping point, but important and not projected

Cumulative area burned in Canada = 17 Million hectares burned
(million hectares) (area CH: 4.1 Million hectares)

_ = 390 Mtons of C emitted
e (CH: 10 Mt y-)

Year
2000 2010 2020

= Note:

* Also permafrost thaw
contributes to carbon
release.

* Both fires and thaw are
difficult to quantify.

Ripple et al. 2023

g



=PL Arctic Fires

1150
1100
1050
1000

950

9S00
850

800
750
700
650
600
550
500
450

Fire Detections (May - August)

400
350
300
250
200
150
100

50

60.060.5 61.0 61.5 62.0 625 63.0 63.5 64.0 64.5 65.0 655 66.0 66.5 67.0 67.5

Arctic Circle

Latitude (°N)

68.0 68.5 69.0 €9.5 70.0 70.5 71.0 715 72.0

35

Year

7 2003
o 2004
= 2005
= 2006
= 2007
= 2008
= 2009
= 2010
= 2011
= 2012
= 2013
= 2014
= 2015
= 2016
= 2017
= 2018
= 2019
= 2020

https://twitter.com/DrTELS
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Contributors to amplification

Winter warming (K)
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" Pithan and Mauritsen (2014)



=Fr- Difference between the Arctic and Antarctic

Zonal mean

—— Observation (Berkeley Earth)
— Other observation datasets

—— CMIP6 multi-model mean (45)
-~ 5-95% model range

Missing
data 4 5
-
-24 -21-18-15-21-09-06-03 0 03 06 09 12 15 18 21 24
G

» Difference between the Arctic and Antarctic:

* The Southern Ocean takes up a lot of excessive warming
(bigger buffer).

* Due to circulation patterns there is less poleward heat

transport to the Antarctic, whereas this mechanism is very

. important in the Arctic.
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=PrL  Antarctic sea ice state

Antarctic Sea Ice — New Climate State?

* Departures from 1981-2010 in 2023 are considerably

. , . . I
larger than anything we’ve seen in the Arctic . 726 JUl 2023
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=PFL  Antarctic sea ice state
~ ANTARCTIC SEA ICE ANOMALIES

1999 2003 2007 2011 2015 2018 2021
)00 2004 2008 2012 2016 2019 2022
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Current Antarctic sea ice shrinkage

Ilce Extent, 19 S 2024 .
Sea Ice Exten ep 20 Antarctic Sea Ice Extent
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(Area of ocean with at least 15% sea ice)
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=PrL  Land ice melt in Antarctica )

Regional warming
observed to be 2x
faster than modeled

Bottom melt
(warm ocean)
Amundsen ¢
Sea [AS]

Wilkes

0 500 1000 km ]
Land [WL]

[ -

meters of ice per year .

-10.0 -6.0 -3.0 -1.0 0+40.5
Smith et al. (2020), Casado et al. (2023)
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- Thwaltes Glacler: largest glacler on Earth

Credit: BBC, A. Mazur

e
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= current contribution to sea level
rise: 4-5%

= the butressing ice shelf will break
down soon

= total contribution to s.l.r. up to
65 cm (likely not this century)



=PFL  Antarctic melt *

Antarctic Mass Change Relative to 2015 = Thinning due to warm ocean water melt.
‘ - The ice shelves do not hold the inland ice

&
z

2500 E anymore, and it starts flowing faster into the
0006 §  Ocean.
2000 5 _ :
& E = Antarctica loses most of its mass from the
15001 0004 8 West Antarctic Ice Sheet (WAIS) due to ice
g’ 1000 E shelf melting and glacier dynamics.
O -0.002
N e—— 0o &
:
-500 ~ == - 8
0.002
1000 - : - - - :
1995 2000 2005 2010 2015 2020
AP: Antarctic Peninsula If you want to learn more about Antarctica:
WAIS: West Antarctic Ice Sheet https://www.asoc.org/learn/antarctic-ice-and-rising-
EAIS: East Antarctic Ice Sheet sea-levels/

" IPCC ARG, Fig. 9.16 IMBIE, Bamber are two different references


https://www.asoc.org/learn/antarctic-ice-and-rising-sea-levels/

=PFL  Cloud-induced warming
In Antarctica
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=PFL  Cloud-induced warming

In Antarctica

Remote sensing (CLOUDNET) -
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=PFL  Future of Antarctica "

What Does the Future Hold? - Antarctic

1.5°C
pre-industrial 2:7°C

* In the Antarctic future
temperature changes at
1.5 and 2.7°C overlap
with present day
conditions.

Annual

Winter (JJA)

Spring (SON)

Summer (DJF)

)

Fall (MAM)

-4 -2 0 2 4 6 8
Antarctic mean SAT anomaly [°C]

= J. Stroeve



=PrL

Melting driven by ocean temperature
()

2
a4

Different drivers of melt for Greenland and Antarctica "

AN .

o
e

©)

Ice sheet

Ice sheet /
Ice sheet "—’T;'—‘—J
/

Ice sheet

The ice shelf (on the ocean) keeps the
ice sheet from flowing into the ocean. If

the ice shelf becomes thinner and

smaller, the ice sheet can flow faster.

IPCC ARG, FAQ 9.1

Elevated heights are colder and melting is
slow. As soon as a threshold altitude is
surpassed where the surrounding
temperature is > 0°C, melting becomes

fast.



e) Global mean sea
level change in 2300

E P F L - relative to 1900
v Sea level rise greater than

15m cannot be ruled out
with high emissions

~

Marine Ice .
b) Global Sea-Level Budget CIiff -
140 | ™ Ocean (0-700m) « Thermal |(I’I\1/T.It(-8:.:3)l|lty "
B Ocean (700-2000m) . i 0 ‘
BN Ocean (>2000m) expansion: 50 %
120 - Glaciers « Glaciers: 22 % g "
c o Greenland ;s - . i 0
£ 100 | mm Antarctica ,, Ice sheets: 20 %
@ W Land Water Storage / = . . o
= —— Observed GMSL K Sea level rise is nurtured by slow
g | processes such as ice sheet N
[ g« melting and will hence continue
% =S well after temperatures have 5
& e  stabilized in the atmosphere.
n @
o o
§ Jl:‘:CtJ 3m
2 5 .
g g d[)nGIobaI mean sea level change relative to 1900
0o ; % om
1980 1990 2000 2010 _ E
g ceshen g

" IPCC ARG, SPM.5, Fig. 1 CrossCh9.1



=PFL . What does sea level rise mean concretely?

v SEALEVEL CHANGE | ipcc o

Sea Level Projection Tool

Observations from Space

IPCC 6th Assessment
Report Sea Level
Projections

Median projections of global and
regional sea level rise, relative to
a 1995-2014 baseline. More 0.

View global projection »

DATA MAP OPTIONS
Process
Total Sea Level s

Decades

2100

>

Scenario

S5P2-4.5

UPDATE MAP

-

https://sealevel.nasa.qgov/ipcc-ar6-sea-level-projection-tool
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=PrL Extra



=Pl Albedo effect: snow cover

(b)

X

Fig. 2. Snow cover duration anomalies (% difference relative to average number of snow-free days) for the 2021/22 snow
year: (a) snow onset (Aug-Jan); and (b) snow melt (Feb-Jul). Red (blue) indicates increased (decreased) snow-free days
compared to the 1998/99 through 2017/18 mean. The dashed circle marks the latitude 60° N; land north of this defines
Arctic land areas considered in this study. Source: NOAA IMS data record.

= https://arctic.noaa.gov/report-card/report-card-2022/terrestrial-snow-cover/
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@ Intact permafrost @ Loss of surface permafrost @ =30 days of ice melt

" Summer .’-, g

~ P Pt
A seaice : : . summer
Vo seaice

+1.5°C +2.7°C

Warming until today relative to Warming by 2100 if all nations implement
preindustrial levels. their currently planned policies.
Land surface +1.5°C +2.7°C
Gas exchange between Impact of net CO, and CH, emissions to the atmosphere
the land and the atmosphere. equal to 117 Pg Cin CO, equivalent; pie chart shows

relative contribution of CO, and CH,.

Seasonal —e
thaw

More thawed Subsidence

Greenland ice +1.5°C +2.7°C
margin

At +2.7°C, Greenland
will contribute around

Whatthefutureholds °

Shown are the changes in September sea-ice
area, changes in the Greenland melt area
exceeding 30 days, and changes in areas
overlaid by at least 3 m of permafrost (top).
Additional greenhouse gas emissions from
permafrost degradation (middle) are shown at
2.7°C (units of Pg C in CO, equivalent, with pie
chart illustrating proportional impact of
methane and carbon dioxide) together with
expected sea level rise contribution from
Greenland (bottom).

Stroeve et al. (2025)



=P7L " Why do we care about the Arctic?

« Snow chaos in Europe

 Sea lLevelrise

 Release of carbon to the
atmosphere

 Fires

¥
B

A snow blower clears a road in the village of Goeschenen
in the canton of Uri during heavy snowfall. Keystone / Urs
g Flueeler, https://www.swissinfo.ch/
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https://www.swissinfo.ch/

Snow water equivalent (mm)

=PFL  Teleconnections

a. Back-trajectories from Pallas (square) between 19-27
February 2018 and associated mean vapour d-excess and
0180. Colours depict hourly specific humidity changes (Aq),
where a positive (negative) Aq indicates a moisture
increase (decrease) due to evaporation (precipitation). Grey
circles indicate either no net moisture change or a change
above the ABL. b. cloud scene, c. evaporation

e, Northern Europe (15-60° E to 50—70° N) snow mass
increase during 19 Feb — 4 Mar 2018
e —
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Ice free Arctic Ocean allows
for extreme snowfall events
across Europe.
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Evaporation (mm d™")

19 Feb—4 Mar 2018
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Bailey et al. Nat. Geoscience, 2021,

https://www.nature.com/articles/s41561-021-00719-y



