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We are in a climate crisis: And the situation worsens every year...

>1’700 deaths
~$30 b|II.|on flood damage and Pakistan,
economic losses 2022

'Sﬁ'ons 3x Canada ¢ "11°000-20°000 deathis
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We are in a climate crisis: And the situation worsens every year...
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Cbpérnicds: 2023 is the hottest year on record, with global
temperatures close to the 1.5°C limit

Annual averages, since 1967 2023+

https://climate.copernicus.eu/copernicus-

1980 1990 2000 2010 2020 2023-hottest-year-record
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The world just marked a year above a critical
climate limit scientists have warned about

By Angela Dewan, CNN
@ 2 minute read - Updated 8:37 AM EST, Thu February 8, 2024

XS

February 8th, 2024

Firefighters in the hills of Valparaiso, Chile on February 3, 2024, as the country suffers its most lethal
fires on record. Javier Torres/AFP/Getty Images
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Climate crisis

Fiona Harvey Environment
editor

Fri 8 Sep 2023 17.01 BST
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‘A critical moment’: UN warns world will September 8th, 2023

miss climate targets unless fossil fuels
phased out

Governments failing to cut emissions fast enough to meet Paris
agreement goals and avoid disaster, major report says

Analysis: A chasm laid bare

December 2023

UNFCCC Climate
Conference:
“transition away from
fossil fuels”

O The need to phase out fossil fuels has not been explicitly adopted by the UN before.
Photograph: Rex Wholster/Alamy
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IPCC 6th Assessment Report The Scientific Basis

https://www.ipcc.ch/report/ar6/wql/
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INTERGOVERNMENTAL PANEL on ClimaTe change

Climate Change 2021
The Physical Science Basis

Summary for Policymakers

Working Group | contribution to the Ay s
Sixth Assessment Report of the @) iﬂ,}
Intergovernmental Panel on Climate Change wMo UNEP
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WORKING GROUP | CONTRIBUTION TO THE IPCC SIXTH ASSESSMENT REPORT
FIRST LEAD AUTHOR MEETING
GUANGZHOU, CHINA, 25-29 JUNE 2018

IPCC AR6 Working Group | Third Lead Author Meeting
Toulouse, France, 26-30 August 2019
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IRCC AR6 WGI report

234 lead authors from 65
countries

>14’000 references
>78’000 comments
>2’000 pages

Summary for
Policymakers: 10 pages
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Changes in global surface temperature relative to 1850-1900

Change in global surface temperature (decadal average)
as reconstructed (1-2000) and observed (1850-2020)

°C
2.0
Warming is unprecedented
in more than 2000 years o
1.5
Warmest multi-century
period in more than
L 10 10 100,000 years .
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0.5
0.2 °
0.0
reconstructed
-0.5
-1 1
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==@bsened global warming

We already had 1.1°C of global warming
in 2011-2020 compared to 1850-1900

This temperature level is unprecedented
in more than 100’000 years

The largest part of this warming is
irreversible for several hundreds of
human generations

(IPCC AR6 WG1, Fig. SPM.1)
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(a) Observed warming (b) Aggregated contributions to
2010-2019 relative to 2010-2019 warming relative to
1850-1900 1850-1900, assessed from
°C attribution studies °C
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(IPCC AR6 WG1, Fig. SPM.2)

ECCE Inaugural Event, 09.02.2024 Prof. Sonia Seneviratne, ETH Zurich



ey 7T > PN ERLES O, concentratens-and CO, emissions

The cause of human-induced global warming is clear

12 Annual global CO, emissions

PQC;H‘

10
o Others

Qil

Coal

1880 1900 1920 1940 1960 1980 2000 2019

Sources of CO, emissions:
» Burning of fossil fuels
» Land use (deforestation)

The climate crisis is an
energy crisis

(IPCC AR6 WG1, Chapter 5: Figs. 5.6 and 5.5)
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Every tonne of CO, emissions adds to global warming

Global surface temperature increase since 1850-1900 (°C) as a function of cumulative CO, emissions (GtCO,)
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The near linear relationship ~
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warming for five illustrative
scenarios until year 2050 S5P1-2.6 >
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Historical global
warming
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0502

HISTORICAL PROJECTIONS
Cumulative CO, emissions between 1850 and 2019 Cumulative CO, emissions between 2020 and 2050

(IPCC AR6 WG1, Fig. SPM.10)
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Issions. s global warming

Every additional emissions
of CO, lead to additional
global warming

Very small remaining CO,

budget for a stabilisation
at ca. 1.5°C (1.6°C)

Prof. Sonia Seneviratne, ETH Zurich



Observed-changes in extremes

T e

Evidence of observed changes in extremes has strengthened

« Human-induced climate change is already affecting many weather and
climate extremes in every region across the globe

« Some recent hot extreme events would have been extremely unlikely to
occur without human influence on the climate system

(IPCC AR6 WG1,; based on Chapter 11, Seneviratne, Zhang, et al. 2021)

Temperature  Heavy precipitation  Floods Droughts

Compound
extremes events

Prof. Sonia Seneviratne, ETH Zurich
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Climate change is already affecting every
iInhabited region across the globe: No region
Is spared from changes in climate extremes

West-Central Europe, where Switzerland
Is located, is a hotspot of changes in
climate extremes

Low agreement in the type of change

Limited data and/or literature

Confidence in human contribution
to the observed change

eee High
ee Medium
® Low due to limited agreement
© Low due to limited evidence

ECCE Inaugural Event, 09.02.2024
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Smobserved-changes in extremes

Hot extremes
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Observed warming in Switzerland is twice larger than the observed global warming:
+2.5°C since 1864

Annual temperature - Switzerland - 1864-2022
departure from the mean 1871-1900
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https://www.meteoswiss.admin.ch/climate/climate-change.html
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«Qur possible futures

The extent to which current and future generations will experience a
hotter and different world depends on choices now and in the near-term

A

2011-2020 was
around 1.1°C warmer
than 1850-1900

1900 1940 1980

scenarios: 2060

very high
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Future emissions Mhow we address climate change

2100
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continues
beyond
intermediate 2100
very low
8°C Global temperature change above 1850-1900 levels 2 | [}
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(IPCC ARG SYR, Figure SPM.1)
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S OUrMpossiblefutures: +1.5°C vs +2°C

A limitation of global warming to +1.5°C compared to +2°C allows to avoid

substantial additional changes in extremes and impacts
* Increase in hot extremes in most inhabited regions
of the world
» Heavier precipitation in several regions

* Increased drying in some regions (e.g. Mediterranean,
Southern Africa)

» lrreversible impacts (increase of sea level rise, extinction
of some animal and plant species, in particular coral reefs)

(IPCC SR15, 2018; IPCC ARG, 2021)

ECCE Inaugural Event, 09.02.2024

Prof. Sonia Seneviratne, ETH Zurich



Eextremes assfemeiion.of global warming

Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average
in a climate without human influence

Projected changes
In extremes are

1850-1900 Present 1 °C larger in frequency
and intensity with

% every additional
> X o0 increment of

= global warming
8

>

>

Y Once now likely

8, occurs

o 2.8 times

E (1.8 - 3.2)

(IPCC AR6 WG1, Fig. SPM.6; based on Chapter 11, Seneviratne, Zhang, et al. 2021)
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Eextremes assfemeiion.of global warming

Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average
in a climate without human influence

1850-1900 Present1°C
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Future global warming levels

1.5°C

will likely
occur

4.1 times
(2.8 -4.7)

Projected changes
In extremes are
larger in frequency
and intensity with
every additional
increment of
global warming

(IPCC AR6 WG1, Fig. SPM.6; based on Chapter 11, Seneviratne, Zhang, et al. 2021)
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Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average
in a climate without human influence

1850-1900 Present1°C
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Future global warming levels

1.5°C

will likely
occur

4.1 times
(2.8 -4.7)

2°C

will likely
occur

5.6 times
(3.8 - 6.0)

Eextremes assfemeiion.of global warming

Projected changes
In extremes are
larger in frequency
and intensity with
every additional
increment of
global warming

(IPCC AR6 WG1, Fig. SPM.6; based on Chapter 11, Seneviratne, Zhang, et al. 2021)
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Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average
in a climate without human influence
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Future global warming levels

1.5°C

will likely
occur

4.1 times
(2.8 -4.7)

2°C

will likely
occur

5.6 times
(3.8 - 6.0)

4°C

will likely
occur

9.4 times
(8.3 - 9.6)

Eextremes assfemeiion.of global warming

Projected changes
In extremes are
larger in frequency
and intensity with
every additional
increment of
global warming

(IPCC AR6 WG1, Fig. SPM.6; based on Chapter 11, Seneviratne, Zhang, et al. 2021)

Prof. Sonia Seneviratne, ETH Zurich



S EPTO UG Changes asemetion. of global warming

Swiss Federal Institute of Technology Zurich

Projected changes in extremes are larger in frequency and intensity with
every additional increment of global warming

Agricultural & ecological droughts in drying regions

10-year event

Frequency and increase in intensity of an agricultural and ecological
drought event that occurred once in 10 years on average across

drying regions in a climate without human influence Reg ions Wlth assessed dryl ng at
° .
Future global warming levels 2 C Of glObal Wa.rm|ng
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(IPCC AR6 WG], Fig. SPM.6; based on Chapter 11, Seneviratne, Zhang et al. 2021)
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Multiple changes in extremes, compound events

« Concurrent heatwaves and droughts & fire weather conditions
« Compound flooding (e.g. in coastal areas)

« Concurrent extremes at multiple locations: More frequent,

including in crop-producing areas at 2°C and above compared to
1.5°C global warming

(IPCC AR6 WG1,; based on
Chapter 11, Seneviratne, Zhang, et
al. 2021)
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aliStiCSTEXtremes=and.compound events

Changes in multiple extreme events means that we experience
less and less “normal conditions”

Percentage of months without individual extremes - median
preindustrial (b) At 1.0°C global warming

-

10 IEBISENNEOINS0N 600 70 80 90 100

normal months [%] (Batibeniz et al. 2023, ESD)

Need to consider the risks from a global crisis: Disruptions of supply
chains, global economic impacts, risks of conflicts

ECCE Inaugural Event, 09.02.2024 Prof. Sonia Seneviratne, ETH Zurich
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Sustained food
supply
disruptions
globally

Periodic food
shocks across

regions

Food supply instabilities

(IPCC Land report: https://www.ipcc.ch/srccl)
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High risks for global
food supply instabilities
already above 1.5°C

Prof. Sonia Seneviratne, ETH Zurich



modified from https://pxhere.com/fr/photo/858113
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Nothremse

Handgriff nur bei
Gefahr ziehen
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Global total net CO2 emissions Stabilization tO "“1.50C I‘equireS
i changes which are unprecedented in
terms of scale:

In pathways limiting global warming to 1.5°C
with no or limited overshoot as well as in

i e b L - Immediate reduction of CO,
emissions on global scale (until 2030:
~50% of 2010)

Four illustrative model pathways

. * Net-zero CO, emissions at the latest

e in 2040 (66% probability) — 2050 (50%

. probability)

+ “Negative emissions” after reaching
net-zero CO,: At most 10% of present-

(IPCC SR15) day emissions

ECCE Inaugural Event, 09.02.2024 Prof. Sonia Seneviratne, ETH Zurich
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Net global greenhouse

i |
2019 emissions were
. 12% higher than 2010
= VA B -
= -5 . . Implemented policies result in projected
°;i - lmplemented P°||C|es emissions that lead to warming of 3.2°C, with
8 60 o — a range of 2.2°C to 3.5°C (medium confidence)
) 'I_ i Nationally Determined
@ = | Contributions (NDCs)
S < range in 2030 Key
g 40 Implemented policies
= (median, with percentiles 25-75% and 5-95%)
[
g s Limit warming to 2°C (>67%)
o
¢ 2 ) Limit warming to 1.5°C (>50%)
S with no or limited overshoot
S
‘é‘ == Past emissions (2000-2015)
E . .
_g 0 ——{net zero ) 13°C T Model range for 2015 emissions
&® . Past GHG emissions and uncertainty for
~ 2015 and 2019 (dot indicates the median)
-20
2000 2020 2040 2060 2080 2100

"Global GHG emissions are projected to peak between 2020 and at the latest before 2025 in global
modelled pathways that limit warming to 1.5°C (>50%) with no or limited overshoot” IPCC AR6 WG3) _
(IPCC ARG6 SYR, Figure SPM.5a)
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Some good news...

Swiss Federal Institute of Technology Zurich

Many solutions exist and can help us make the first steps to decarbonisation!

Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer

term compared to 2030.
Mitigation options

Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CHs emission from coal mining
Reduce CH. emission from oil and gas

Energy

ECCE Inaugural Event, 09.02.2024

Potential contribution to net emission reduction (2030) GtCO;-eq yr'

0 2 4
-
e
-
—t
=
0 2 4
GtCOz-eq yr'

(IPCC AR6 WG3, 2022, Fig. SPM.7)

Net lifetime cost of options:

I Costs are lower than the reference
0-20 (USD tCO-eq")

I 20-50 (USD tCO-eq")

I 50-100 (USD tCO.-eq")

I 100-200 (USD tCO-eq”)
Cost not allocated due to high
variability or lack of data

~— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty

Prof. Sonia Seneviratne, ETH Zurich
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Conclusions

* Itis worth limiting global warming to 1.5°C: This aim is stated in the 2015 Paris
agreement and confirmed in the 2021 Glasgow climate pact.
First essential step: Halve CO, emissions until 2030!

« The window to act is closing rapidly. For a stabilization of global warming at
about 1.5°C, we need immediate action, including 9-10% reductions of CO, every

year from now on until 2030.

« We need more research and exchange at the interface between climate

extremes and society:
« Climate litigation
« Economic impacts of climate extremes
« Psychology, Sociology, Climate communication

Contact: sonia.seneviratne@ethz.ch

ECCE Inaugural Event, 09.02.2024 Prof. Sonia Seneviratne, ETH Zurich



EVERY ACTION MATTERS

EVERY BIT OF WARMING MATTERS
EVERY YEAR MATTERS

EVERY CHOICE MATTERS

Prof. Sonia Seneviratne, ETH Zurich
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