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- PhD in Atmospheric Science
-  Worked at the Science-Policy interface
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=PFL 1 find climate change is an important topic. 3

Go to: responseware.eu

A. Agree. ;
_ Login: enter as guest
B. Partially agree. Session-ID: susclim
C. Neutral
D. Partially don't agree.
E. Don't agree.
F. I don‘t know.
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=Pl ] am interested in what is happening in polar

| |

environments.

A. Agree.

B. Partially agree.

C. Neutral

D. Partially don't agree.

E. Don't agree.

F. I don‘t know.
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=PrL

After this lecture you will be able to answer the
following questions

= Why is there a climate change emergency?
= How do greenhouse gases work?

= Why are aerosols and clouds important in the climate system?

= Why is the Arctic warming faster than the global average?
= What are important Arctic atmospheric processes?
= What are the global consequences of Arctic warming?
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> 70 people injured or dead
> 37°000 people displaced

.worldweatherattribution.org/



https://www.worldweatherattribution.org/climate-change-made-weather-conditions-leading-to-deadly-south-korean-wildfires-about-twice-as-likely/

10°C hotter than normal. Many
work hours lost in the agricultural
sector (cf 230 million hours in
Uzbekistan in 2023). Crop

damage, Glacier loss.
www.worldweatherattribution.org/
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28.05.2025 Blatten
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* Climate change had a contribution,

Y Investigated:
- Glacier melt e
Permafrost melt ;

/

B._Farinotti, ETHZ

Source: SRF

m  Birchgletscher fact-sheet. Farinotti et al. https://polybox.ethz.ch/index.php/s/eazXqWn8z6rPNwo



As at 3pm (GMT), 28 June 2025
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o June/luly@qzngS-
heatwave in Europe
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a = Authorities i |ssue warnings for extreme

heat, wildfire, water resources and health

Atlantic Ocean

a
Marseille .
e 8

Palermo
32C -
®
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More than 1000 deaths associated wit@ﬁ "
Hottest 10 consecutive days in SpairWSO




All these events have become more
likely because of climate change.

Impacts are current reality.
Not a problem of the future. They come
thicker and faster than anticpated.



Climate Emergency in a nutshell

We are extremely close to our global temperature target . ‘e\a‘e‘
of 1.5/2.0°C for 2100. e

Drastic emission reductions are needed now and net-zero 6&0
needs to be achieved by 2050.

Humanity is faced with a technological, political and \
. c\C
behavioral challenge never encountered before. “\3



GLOBAL @0N Global Fossil co, Emissions

project

Global fossil CO, emissions: 37.0 + 2 GtCO, in 2023, 66% over 1990
® Projection for 2024: 37.4 £ 2 GtCO,, 0.8% [-0.3% to +1.9%] higher than 2023

Global Fossil CO, Emissions

40 Gt -
CO2 2010-19 Projection 2024
+0.9%/yr 37.4 Gt CO,
A 0.8% (-0.3% to 1.9%)
35
: 2000-09 \
Covid was a +2.8%Iyr ‘ « COVID-19
tiny dent. 20 1 "~ Global pandemic
{660-66 financial v
+1.0%l/yr crisis
25 - e ¥ 1.5%
.MJ
20 N Diss_olutiqn of
Soviet Union
WV 3.1%

|

1990 1995 2000 2005 2010 2015 2020 2024

projected

Uncertainty is £5% for
one standard deviation
(IPCC “likely” range)

The 2024 projection is based on preliminary data and modelling. The global total includes a cement carbonation sink of 0.8 GICO,.

Source: Friedlingstein et al 2024; Global Carbon Project 2024


https://doi.org/10.5194/essd-15-5301-2023
http://www.globalcarbonproject.org/carbonbudget/

=PFL  Increase In greenhouse gases due to anthropogenic activity -

Glacial-interglacial Holocene Anthropocene Mauna Loa
400 I I '
. a
|\C/|02 _ 350 — Carbon dioxide
ost important i -6
Source: combustion 300 I 107 (ppm)

Lifetime: ~100 years

CH,

2"d most important
Source: agriculture,
energy, waste
Lifetime: ~12 years
84 times more potent
than CO, within 20
years

. mol/mol air

500 M ’

©
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£ 150,000 100,000 50,000 0 (330
=

N,O
Source: agriculture,
waste before 1950
Lifetime: >100 years

27
273 times more 0 ]
potent than CO, 240 o , |

e 10,000 5000 0 1800 1900 20001960 1985 2010
=  Schwartz, 2018, Time, years before 2005 Year Year

Time, years " Nitrous oxide

300 — .
10 (ppb)



https://doi.org/10.1119/1.5045577

=P7L The most important anthropogenic
greenhouse gas s

A. Methane

B. Nitrous oxide, because it is
273 times more powerful than
CO,

c. CO,

17
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Global Average Temperature 1850 -

-1.6"

2024

Exact numbers of warming vary slightly between data products. 1 62 + O 06 OC
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Above average of 1850-1900

Global
warming Is
i currently 1.3 ° ‘
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Land data prepared by Berkeley Earth and combined
with ocean data adapted from the UK Hadley Centre
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https://berkeleyearth.org/global-temperature-report-for-2024/

=P7L  Paris Agreement 2015 ’

“The Paris Agreement central aim is to /.., Wls
keep global temperature rise ;..; well below 2°C above pre-industrial levels
and to pursue efforts to limit the ;..;increase ;.;t0 1.5 °C.”

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
| Paris -France %
V) =4 "’/
| ; ™

In 2021, at the Conference of the Parties
(COP) in Glasgow, the international
community agreed to strive for a maximum
warming of 1.5 °C.

https://unfccc.int/process-and-meetings/the-paris-agreement/the-glasgow-
climate-pact-key-outcomes-from-cop26
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Why 1.5°C?
And what if we go beyond?
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1.5°C versus warmer

Limitation of glqbal warming to 1.5°C compared to m °C allows to avoid
substantial additional changes in living conditions, in and (irreversible) impacts.

Living conditions
« Sea level rise requires evacuation of neighborhoods / entire islands
* Crops might not grow anymore where they used to, or new crops can be planted
« Some regions will get too hot to live

 Increase in hot extremes in most inhabited regions of the world
» Heavier precipitation accompanied by cyclones in several regions

 Increased droughts in some regions

Irreversible impacts
« Sealevel rise,
» Loss of glaciers and sea ice
 Biodiversity loss: e.g., extinction of animals, plants, corals



=PrL - Whatis at stake? "

ARCTICWINTERSEAr E I s
= COLLAPSE e ) . .BOREAL PERMAFROST ¥

- G ICE SHEET F
'BOREAL TOREST A o ¥ o BSAETITES' COLLAPSE
NORTHERN EXPANSION - & . e GRS G 1 T e
! BOREAL - LABRADOR SEA/ ° Zei BOREAL FOREST
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Tipping elements: | N
Tipping elements/are regic . ~ ATLANTIC MERIDIONAL
vulnerable to cli : OVERTURNING CIRCULATION <> ]
capable of sudden‘drast nges Y v B8 TRl fp! SAHEL/ ;
with regional and global ¥~ - WEST AFRICAN MONSOON -
consequences. |EEE—_ % B . GREENING 1 % LOW-LATITUDE CORAL REEFS
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| e e - DIEBACK
Tipping p = o
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the climate system are destablllzed
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GLOBAL WARMING THRESHOLDS
<2°C ®2-4C A=4C Armstrong McKay et al., 2022, Science




=P*L What can the Paris Agreement prevent?

Range: Min Max @ Central estimate
0.0C 2.0 4.0 6.0 8.0 10.0
Sea level rise (up to 6 m)  Greenland ice sheet collapse ®
West Antarctic ice sheet collapse ®
Tropical coral reef die-off ® « 8outof 16 tlpplng
Release of greenhouse gases  Northern permafrost abrupt thaw ® elements are in the
Barents Sea ice loss ® Arctic. ) ) i
Labrador Sea current collapse @ * Overall ! u e, pOIntS

might be surpassed
within the Paris
agreement range.

Mountain glaciers loss

West African monsoon shift

East Antarctic glacier collapse

Amazon rainforest dieback
Northern permafrost collapse
Atlantic current collapse

Morthern forests dieback - south

Northern forests expansion - north

Arctic winter sea ice collapse

s s s i i i = [ = = = = == = == =

East Antarctic ice sheet collapse o

1.2 °C in 2023 > 11CCurrent level of warming | T 1.5-2.0C Paris agreement targets

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



=PFL - 1.5°C versus warmer

What are the consequences?

24



=P7L  Remaining carbon budget

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

m Consumed
Gt CO; | Remaining

7 years left 15 years left

2°C
(50% likelihood)

28 years left

25



=PFL - COP30 @ Belém, Brazl
10-21 November 2025 COP30

BRASIL

AMAZONIA

BELEM 2025

= Key expectations include

 the presentation of new national climate action plans (NDCs),
« progress on the finance roadmap from COP29, and
« discussions on scaling up innovative climate finance mechanisms.

* The conference will also feature the COP30 Action Agenda, a programme to

engage businesses, civil society, and various levels of government in practical
climate solutions.

https://www.unep.org/unep-climate-

a COp30#.~:text=Key%Z20expectations%20include%20the%20presentation%200f%20new,levels%200f%20government%20in%20practical%20c
limate%20solutions.

26
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Hir.-turir:al
total GHG
emissions

[]
Blue area shows pathways
limiting global temperature Ay
increase to below 2°C with
about a 66% chance

1

Green area shows pathways limiting
global temperature increase to below
1.5°C with a 50% chance by 2100 and
minimum 33% chance over the course
of the century

Emissions gap 2035
(GICD4e)
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Madian estimate of
leved consistent with

2E 36 GIC0ge
{renge: 31-39)

2075

1 I
2020 2025

2030

2035

Emissions Gap report 2025, Fig. 5 from Executive Summary

Unconditional NDC case

Conditional NDC case

tadian estimate of
level conslstent with
1.5%C: 25 GiG0,e
{ranga: 20-27)

- Conditional NDC scenario

Notontrack: -
Emissions gap

Current policies scenario

Unconditional NDC scenario

For the 1.5°C target
Nearly half of the
current emissions
would have to be cut.

Below 2°C pathways

Below 1.5°C pathways

NDC: nationally
determined contribution
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=PFL Spectrum of electromagnetic radiation

Solar Terrestrial

Energy (electron volts, eV)

High energy, 108 106 104 10?2 1 102 104 10° 108 108
short wavelength gamma ultraviolet jnfrared » short- "
rays X-rays rays rays radar |FM| TV "

.* ")...;
10% 1012 10 .. 10% 106 " 104, 102 1 102 10°

.+***" Wavelength (meters, m) ..

aos*®’ Visible light

390 400 500 600 700 760
Wavelength (nanometers, nm) 2

= https://ozonedepletiontheory.info/what-is-radiation.html

29

Low energy
long wavelength

Some definitions
Visible:

0.39 - 0.76 um, colors
Solar radiation:

< 4 pm, shortwave
Terrestrial radiation:

> 4 um, longwave

Near infrared:

0.76 — 4.0 um (solar radiation)
Thermal Infrared:

> 4 um, terrestrial radiation




=L Earth’s Energy Balance ____

Reflected Sol . ‘ i
eflecte ar Mcoming Sosc) Outgoing LW Earth radiates

Radiation . - : oy .
00 Radiation TOA Imbalance 0.71 3 = because it has a
(-98, -100) 340 (0.61, 0.81) - temperature (black

(-238, -242

(339.9, 340.1) | A body radiation)

Some of the
longwave radiation

1/ \'
ARNOSEN MG escapes to space

Absorbed by | LW cooling

-186
Some of the solar g - Atmosphere (-178, -194) Much of the

radiation is _ 77 oudly Region: o
reflected back to , | (72,82 - longwave radiation
P interacts with

-

space before it greenhouse gases

reaches the - _ and clouds that re-

ground _ RET: ~ emit the longwave
. radiation in all

Sun heats | . directions

Earth’s surface

(" Reflected at Absorbed at T r—

) : Surface : Surface  Surface Imbalance 0.71) Emission | Surface
. 2 ; |
Units: W/m -23 . 164 | (0.61, 0.81) 308 | 245

(-20, -26) (159, 169) (-395, -401) | (338, 352)

https://ceres.larc.nasa.qgov/science/



https://ceres.larc.nasa.gov/science/

=PrL

Natural greenhouse effect

« At the surface, temperatures would be 33°C cooler
without the natural greenhouse effect driven by
water vapor, CO,, O, and clouds. These absorb
surface infrared radiation and re-emit most of it back
to the surface.

- That means global average surface temperature Is
roughly 15 °C.

- Water vapor Is the most abundant natural greenhouse
gas.



=P*L What s the most important
greenhouse gas?

co,
CH,
03

H,O

0w >

CO2 CH4 O3 H20
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=PFL  Greenhouse gases

1. Interact with infrared radiation because of their molecular structure.
They must have at least 3 atoms and a dipole (the centers of the
postive and negative partial charges do not overlap).

2. The absorbed infrared radiation creates vibrational and rotational
energy in the molecules. They collide with other molecules and

thereby create heat.

= https://www.acs.org/content/acs/en/climatescience/greenhousegases/properties.html



=P7L Atmospheric «windows»

In the shortwave
radiation range,
Earth’s atmosphere is
nearly transparent.
The atmospheric
window is very large.

- Source: Wikipedia

Percent

Radiation Transmitted by the Atmosphere

0.2 1 10 70
2| Downgoing Solar Radiation Upgoin Therm{l Radiation

g': 70-75% Transmitted 15-§0% Trarfsmitted

()]

=

=

g

o

V)

Nisible | _

Carbon Dioxide

Oxygen and Ozone

Methane

Nitrous Oxide

Major Components

Rayleigh Scattering

0.2

—

- | 10
Wavelength (um

70

34

The longwave radiation window is
between 8-9 and 10 - 12 um, roughly.
The atmospheric window is small.

The result of the presence of
greenhouse gases is that only a small
part of the longwave surface emission
makes it to space.

Different greenhouse gases

‘ work together to close

“atmospheric windows” in the

<«—— longwave part of the spectrum.

They are located at the

“—— window edges.

Ozone absorbs at 9.6 um.



=P7L Why s Argon not a greenhouse gas? "

A. There is not enough of it in the
atmosphere, so we don't
consider it a greenhouse gas.

B. The molecule has only one
atom.

C. Itis actually a greenhouse
gas, but not important.
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Percent

Spectral Intensity

Major Components

Greenhouse effect

Radiation Transmitted by the Atmosphere
1 10

)

70

Upgoing Thermal Radiation
15-30% Transmitted

Downgoing Solar Radiation
70-75% Transmitted

Visble] _

Infrared

Carbon Dioxide

: N R A Oxygen and Ozone

III Methane

L l \ Nitrous Oxide

l Rayleigh Scattering
0.2 :I | | ll””1|0 | | l”70

Wavelength (um)

N

B W

(" Reflected at

(-20, -26)
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Solar radiation is transmitted through Earth’s nearly
transparent atmosphere (transparent to shortwave
radiation).

Earth’s surface absorbs the solar radiation and warms.
The Earth emits thermal IR radiation (blackbody radiation).
The atmosphere is much less transparent to thermal
infrared radiation and absorbs it.

The absorbed radiation leads to warming of the
atmosphere, which in turn emits thermal IR radiation in all
directions, and importantly partly downwards.

So the net thermal IR flux from the Earth (as blackbody) to
space is greatly recuded. This diminishes the radiative
cooling of the Earth’s surface and leads to surface
warming.

" Absorbed at | - , e

e Surface | Surface Imbalance 0.71
-23 -~ 164 |
\

" Surface | [ Absorbed at
Emission Surface
_(0o61,081) -308 345
(-395, -401) (338, 352)

Surface

(159, 169)



PFL  Greenhouse gases exert a radiative forcing (RF)

=W A\ ‘Buioio) eAielpey

400 2 | T
350 - Carbon dioxide
= Radiative forcing is a forcing 0o | O (PPM)
that changes the radiation
balance of Earth. _ 20
. L ©
= Radiative forcing in climate 5 2 |
science is commonly compared £ 2000 |
against the preindustrial t!me, ?EJ 1500 Methane
when humans did not emit - - 10 (ppb)
many greenhouse (GHG) 2 1000
gases. £ 500 M
(@)] !
5 150,000 100,000 50
= : Nitrous oxide
S Time, years 54, -
before 1950 10 (ppb) i
270 £ 5 a1 1 4 -0
240 - | | ] ] | ! | | | _l I I
10,000 5000 0 1800 1900 20001960 1985 2010

Time, years before 2005 Year Year

®™ Schwartz, 2018, https://doi.org/10.1119/1.5045577



https://doi.org/10.1119/1.5045577

=P*L  Radiative forcing by '
chemical component

Effects of most important GHG
are well understood.

The largest uncertainties are with
aerosols and clouds.

(a) Effective radiative forcing, 1750 to 2019

Emitted Components - , - .
COs | — (c) Aerosol Effective Radiative Forcing
Nz0 -' Climate effect through: Aerasol-cloud interactions
CFC + HCFC + HFC Carbon dioxide (C0Os) ARG
]_- MN:O assassmeant
NOx CFC + HCFC J
NMYOC + CO HFC
Methane (CHa)
S0; —- | Ozane (O3)
H;O (strat)

&

Organic carbon
Aerosol-radiation

Asrosol-cloud

I

Black carbon

Ammonia * sum
=15 =10 =05 0.0 0.5 1.0 1.5 2.0
W m—?
Negative leads to temperature decrease Positive forcing leads to temperature increase

<& b
< L

= |PCC ARG, Fig. TS.15

L 1 ' ¥
-1.0
Wm=*

-0.5 0.0 0.5

38



=PFL  Sources of aerosols

Forest fires Sea spray

Traffic / Transport Domestic activities

Industry

Agriculture

39
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=PFL  Sources of aerosols

Natural

Traffic / Transport Domestic activities Industry Agriculture

Anthropogenic



=PFL  Types of aerosols

Primary Secondary

Images are from a
Transmission
Electron

Primary particles are emitted from their source as Secondary particles are NOT emitted as patrticles, _

particles. Examples: soot for combustion, mineral but they are formed from gases in the atmosphere Microscope (TEM).

dust from soil. through condensation or chemical reactions (in Links to papers:
clouds). Examples: Ammoniumsulfate, right, left

ammoniumnitrate, secondary organic aerosol


https://www.semanticscholar.org/paper/Morphology%2C-composition-and-mixing-state-of-aerosol-Fu-Zhang/8a061f21a9b8de5c2c45b92d33cd93253acb0294/figure/9
https://www.researchgate.net/figure/TEM-image-of-sea-salt-and-partially-reacted-sea-salt-particles-over-the-UAE_fig5_239807894

=PFL  Size of aerosols

Clouds & Fog Precipitation
Aerosol - A ~ (Rain, Snow, Graupel, Hail)
- O N
Gas = R & N
Molecules Proteins Viruses Bacteria Spores Pollen
Sulfate, SOA, Soot Mineral Dust, Sea Spray Diameter (m)

1E10 1E09 1E-08 1E-07 1E-06 1E05 1E-04 1E-03 1E-02 1.E-01

100pm 1nm 10nm 100nm 1pwm 10um 100pwm Imm 1cm 10cm
\ - ultrafine - - fine - - coarse - ]

(D) (E)

(A) protein,

(B) virus

(C) Urban particle
(D) Mineral dust

(E) pollen grain

Ca-sulfate

Ca-carbonate

on

] Frohlich-Nowoisky et al. (2016), https://doi.org/10.1016/j.atmosres.2016.07.018

42


https://doi.org/10.1016/j.atmosres.2016.07.018

=F7L Aerosol-radiation interaction

Aerosols reflect solar radiation,
thereby shielding (masking) the
Earth’s surface from radiation

Scattering aerosols

@) (b) Ammonium,
sulfate, nitrate,
1 some organics
e L ”
o O o O
» Oo0 RS IR0 T
Vs \

~

Aerosols scatter solar radiation. Less solar radiation
reaches the surface, which leads to a localised cooling.

Absorbing aerosols

(©)

The atmospheﬁc circulation and mixing processes spread
the cooling regionally and in the vertical.

(d)

Warming

S

Aerosols absorb solar radiation. This heats the aerosol
layer but the surface, which receives less solar radiation,
can cool locally.

AR R RRRNRRASNSSSSSSSSSSSS RN N o~

At the larger scale there is a net warming of the surface and
atmosphere because the atmospheric circulation and
mixing processes redistribute the thermal energy.

= http://www.climatechange2013.org/report/reports-graphic/ch7-graphics/

Aerosols absorb solar radiation,
thereby warming the air

Soot and some

types of
mineral dust



=F7L Aerosol-radiation interaction

0.85 rrrrrrrrr [rYrTTTYYY [rrrrrTTYY IBARREER RS [rrTTTTYYY | R
'
] LD Aerosols prevent solar
0.80 |12 1 Tikoja : radiation from reaching
= [\ /Q\}/“\\ . the Earth’s surface, they
@ » VAN have a «dimming» effect
g 0.75 .- b Vs ) > surface cooling.
© [
_g. 0.70 - n— ) Observed tendencies in surface solar radiation
8 . o & 1950s-1980s | 1980s-2000 |after 2000
= [ 2 T NI/~ USA 5 g | 5V [ 8 W
= ! 14 Japanese sites = 75~~~ 1| ] Europe 3 ey | 2 el | 3 —
0°65? El Chichén ) China/Mongolia | -7 \ e A —
[ volcanoe _ | Japan 5 g | 8 W | O e
0.60 Leiiireesteioriecetioninrecct S india e Y S
1950 1960 1970 1980 1990 2000 o
Year Units in W m

- Fuzzi et al., 2015, doi:10.5194/acp-15-8217-2015

Wild, 2021, https://doi.org/10.1175/BAMS-D-11-00074.1
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https://doi.org/10.1175/BAMS-D-11-00074.1

=FrL  Aerosol-cloud interactions

height

| >100% RH =
. supersaturation

Longwave \
radiation

100 % RH

v

* Ice crystal that has formed on an

Shortwave ice nucleating particle (INP).
radiation

Cloud droplet that has formed on a
' cloud condensation nuclei (CCN).

45

« Aerosols are necessary to form
clouds!

« Aerosols influence the number of
droplets and ice crystals in the
clouds.

« The number of droplets and crystals
determine the radiative properties of
clouds.




=FrL  Aerosol-cloud interactions

Pristine
cloud

Incoming solar radiation

Direct Effect Unperturbed
Scattering/ cloud
absorption

globally cooling

CDNC - cloud droplet number concentration

46

Polluted atmosphere and clouds

Increased
scattering

oog Oo
@ o
Semi-direct 1st Indirect 2nd Indirect Effects
Effect Effect Drizzle suppression

Cloud burn-off = Increased CDNC  Increased cloud height

Increased cloud lifetime

Air becomes warmer
and clouds do not
form or evaporate,
globally warming

Higher albedo,
globally cooling

No big drops, less rain,
globally cooling
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Observed warming

a) Observed warming

2010-2019 relative to

1850-1900

Figure SPM2
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Attribution of today’s global warming

Contributions to warming based on two complementary approaches

b) Aggregated contributions to
2010-2019 warming relative to
1850-1900, assessed from
attribution studies
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Greenhouse gases warm
Aerosols and clouds cool
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EPFL  Globally, clouds and aerosols have ... effect "
on the surface

A. AWarming
B. A Cooling
C. No

0% 0%

A Warming A Cooling







=PFL  Regional wamming differences

Change in temperature at global warming level of 1 °C
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0

°C
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Not all regions warm at the
same speed.

Land warms roughly two

times faster than the ocean.

* Average warming on land was > 2°C
in 2023.

* Average warming of the ocean was
> 1.0°Cin 2023.

The Arctic warms up to 4
times faster than the global
average!




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

m  Pijthan and Mauritsen, Nat. Geoscience, 2014

Winter — no sun

" ¢ A

P 2 iy

= Need to distinguish winter and
summer mechanisms.

= Note the role that CO, plays.
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=PFL 1. Albedo effect: Arctic sea ice retreat

Average Monthly Arctic Sea Ice Extent
Annual Arctu;SeaJce Mlnlmum Area September 1979 - 2021
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> 40 % loss in 40 years!

Extent (millions of square kilometers)

£ ‘ J ‘ “ L
1975 1980 1985 1990 1995 2000 2005 ZUlO 2015 2020 2025

National Snow and Ice Data Center

s ¥ it 3
4 { L 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

Year

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

- http://nsidc.org/arcticseaicenews/
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2. Ocean effect: winter

Ocean releases heat to the
seaice (called leads).

the atmosphere which acts as
greenhouse gas.

This also increases the water vapor in

atmosphere through openings in the

Ocean water

2 ST oy
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Ocean effect: summer




P71 The Arctic warms more In summer than in winter

A. True.
B. False.

0%

True. False.
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=PFL  Arctic temperature change: 1893/94vs 2019/20 )
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=PrL 3. Lapse rate effgct

‘ height

The lower Arctic atmosphere is
unable to transport heat
upwards because of positive
lapse rates (also called
temperature inversions).

* Temperature
increases with height
-> positive slope
* The lapse rate is
defined as the

slope

Cold air does not rise
- Atmosphere is highly stratified
- Heat is stuck at the surface

/ / » - Surface experiences amplified warming

. -40°C -10°C

v




=PFL 4, Aerosol effect

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

 There are less aerosols in the Arctic.
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®Schmale et al. (2022)
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4. 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
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=P7L  Inthe Arctic, improved air quality and
cloud formation have ... effects

A. cooling
B. warming
C. No
D. Opposite
0% 0% 0%
- > > >
cooling warming Opposite




=PFL 4. More aerosol and cloud effects

ccRL

This is what my

group typically
works on.

® Schmale et al. (2021)
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EPFL l}J g reasons for / '
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=PrL

Impacts of Arctic warming

= Sea level rise because of the melting Greenland ice sheet (up to 6 m if
all melts)

= Changing weather patterns in the nothern hemisphere.

= Potentially large amounts of greenhouse gases will be emitted because
of thawing permafrost, leads to more warming globally.

= VVegetation changes, e.g., more boreal forest (larger cabon sink).
= Fish populations in the Arctic Ocean will change.
= And many more...
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Climate Emergency in a nutshell

We are extremely close to our global temperature target of 1.5/2.0°C for
2100.
Changing conditions (sea level rise, what grows where, biodiversity)
Impact of extreme events
Surpassing tipping points - irreversible effects

Drastic emission reductions are needed now and net-zero needs to be
achieved by 2050.

The current decade (2020-2030) is called the decisive decade. If we walit longer,
we have lost the opportunity to keep global warming in a reasonable range.

Humanity is faced with a technological, political, regulatory and behavioral
challenge never encountered before.

Large-scale transformation is needed. This is a process that takes time.

We cannot wait for solutions, we must drive solutions.



Food for thought throughout your studies

What do you want to learn so
you can contribute to driving solutions?

What will you do to have positive impact?

Positive impact: the world is better off with your presence and action than without
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Thank you for your
attention!




