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https://naturwissenschaften.ch/uuid/i/49b95bc5-b302-5a70-852d-fa491abdf817-
Trendwende Klima und Biodiversitat Parlament trifft Wissenschaft

https://sciencesnaturelles.ch/uuid/i/49b95bc5-b302-5a70-852d-fa491abdf817-
Inverser la tendance dans les domaines du climat et de la biodiversité le Parlement rencontre les milieux scientifigues
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When do we see signs that the climate crisis is really serious?

We see these signs now

Canada, 2021 Germany, 2021

India’s Ileatwaves Are Testing the Limits
of Human Survival

g | 0moers

India, 2022

Europe, 2022
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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
1.5
Warmest multi-century
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-0.5
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(IPCC ARS, Fig. SPM.1)
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==@bsened global warming

We already had 1.1°C (1.09°C) of
global warming in 2011-2020
compared to 1850-1900

This warming level is unprecedented
in the history of human civilisation, in
more than 100°000 years

It is unequivocal that human influence
has warmed the atmosphere, ocean
and land

We are responsible for all of the
warming, not only part of it

Sonia Seneviratne, ETH Zurich
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May 2022: 420.99ppm
Carbon Dioxide Levels Are Highest in

Human History

Humans pumped 36 billion tons of the planet-warming gas into T

Atmospheric CO, at Mauna Loa Observatory
¥ T y T ' T v T :
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https://gml.noaa.gov/ccgg/trends/

The Mauna Loa Atmospheric Baseline Observatory in Hawaii began measuring the
amount of carbon in the atmosphere in 1958. Susan Cobb/NOAA

New York Times, June 3, 2022
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The cause of human-induced global warming is clear

12 Annual global CO, emissions
PgC yr

10
o Others

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

Coal

1880 1900 1920 1940 1960 1980 2000 2019

(IPCC ARG, 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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(IPCC ARG, Fig. SPM.10)
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Our CO, emissions have consequences
for hundreds to thousands of years, as

well as some irreversible
conseguences.

Grid Forum 2022 Sonia Seneviratne, ETH Zurich



. "tern,s and irreversibility

After reaching net-zero CO, emissions, global warming will not decrease significantly!

Global surface temperature change relative to 1850-1900

-
> SSP5-8.5
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SSP1-1.9
1
0
-1
1950 2000 2015 2050 2100

(IPCC ARBG)
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No region is spared: All regions show
changes in some climate extremes, and
Switzerland is also particularly affected

Grid Forum 2022 Sonia Seneviratne, ETH Zurich



SObserved-changes in extremes

Climate change is already affecting every @

inhabited region across the globe, with O

human influence contributing to many
observed changes in weather and climate
extremes

West-Central Europe, including Switzerland, =7

Is a hot spot of changes in climate extremes

Low agreement in the type of change

Limited data and/or literature [ ] Increase (12)

. Decrease (1}
Confidence in human contribution
to the observed change

eee High
ee Medium
e Low due to limited agreement
© Low due to limited evidence
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Hot extremes
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Warming in Switzerland is twice larger than the global average: >+2°C since 1864;
meteoswiss.ch)
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(https:/iwww.meteosuisse.admin.ch/home/climat/changement-climatique-suisse.html)
Grid Forum 2022 Sonia Seneviratne, ETH Zurich



ETH

—ObSerred-changes: Switzerland

Swiss Federal Institute of Technology Zurich - i s > - - e I
= = e

Heavy precip”itation

Trends in heaviest single-day precipitation event of the year
Observed trend in precipitation amounts from 1901 to 2014.

@ significant increase
() slight increase
) slight decrease
« marginal change

(CH2018 Scenarios 2018) https://www.nccs.admin.ch/nccs/en/home/climate-change-
and-impacts/swiss-climate-change-scenarios/order-the- : :
ch2018-brochure.html Lucerne, July 2021
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Droughts: Current summer

Switzerland: Soil moisture measurements
RIVER DISCHARGE ANOMALY

June-August 2022 last update 2022-08-16 © ETH Zurich / Land-Climate Dynamics
Reference period: 1980-2021
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soll moisture anomaly SwissSMEX mean (mm)
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“worst drought in 500 years” (GLOFAS, Copernicus) Driest conditions since start of measurements (2010)
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Every additional increase in global
warming, even an increase of 0.1°C, implies
more frequent and more intense climate
extreme events

Grid Forum 2022 Sonia Seneviratne, ETH Zurich



remesWithsimereasing global warming

Changes in the frequency and intensity of climate extremes become
larger with increasing global warming:

O

O O O O O

Grid Forum 2022

Temperature Heavy precipitation

hot extremes

marine heatwaves

heavy precipitation

agricultural and ecological droughts in some regions

proportion of intense tropical cyclones

concurrent extremes at the same or different locations (compound
events)

Compound
extremes events

Sonia Seneviratne, ETH Zurich

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

Hot temperature extremes over land

10-year event

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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] Once now likely
8 occurs
o 2.8 times
4 (1.8-3.2)
[V

(IPCC ARG, Fig. SPM.6)
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Projected changes in extremes are larger in frequency and intensity with
every additional increment of global warming

Hot temperature extremes over land
10-year event

Frequency and increase in intensity of extreme temperature Every ad d |t| on al | ncrease of
event that occurred once in 10 years on average K
in a climate without human influence g lobal warmin g causes C | ear|y
Furire global warmbig levels discernible increases in the
1850-1900 Present1°C  1.5°C 2°C intensity and frequency of hot
extremes, including heatwaves
s o % oo (very likely)
5
& Once now likely will likely will likely
2 occurs occur occur
8 2.8 times 4.1 times 5.6 times
E (1.8-3.2) (28-4.7) (3.8 - 6.0)
IPCC ARG, Fig. SPM.6
( e ) Sonia Seneviratne, ETH Zurich
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Projected changes in extremes are larger in frequency and intensity with
every additional increment of global warming

Hot temperature extremes over land
10-year event

Frequency and increase in intensity of extreme temperature Every ad d |t| on al | ncrease of
event that occurred once in 10 years on average K
in a climate without human influence g I (o) b al warmin g causes c | early
Furire global warmbig levels discernible increases in the
1850-1900 Present1°C  1.5°C 2°C 4cc intensity and frequency of hot
extremes, including heatwaves
5l » woow W (very likely)
5
& Once now likely will likely will likely will likely
2 occurs occur occur occur
8 2.8 times 4.1 times 5.6 times 9.4 times
E (1.8-3.2) (28-4.7) (3.8 - 6.0) (8.3-9.6)
IPCC ARG, Fig. SPM.6
( E ) Sonia Seneviratne, ETH Zurich
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Compound events:

« With further global warming, every region is projected to increasingly experience
multiple changes in climatic impact-drivers, including extremes

Grid Forum 2022 Sonia Seneviratne, ETH Zurich



xtremes assfemetion.of global warming

Compound events:

With further global warming, every region is projected to increasingly experience
multiple changes in climatic impact-drivers, including extremes

Many regions are projected to experience an increase in the probability of compound
events with higher global warming (high confidence):

« Concurrent heatwaves and droughts; fires

«  Compound flooding

Grid Forum 2022
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Compound events:

With further global warming, every region is projected to increasingly experience
multiple changes in climatic impact-drivers, including extremes

Many regions are projected to experience an increase in the probability of compound
events with higher global warming (high confidence):

« Concurrent heatwaves and droughts; fires

«  Compound flooding

« Concurrent extremes at multiple locations become more frequent, including in crop-
producing areas, at 2°C and above compared to 1.5°C global warming (high confidence)

Grid Forum 2022
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S —— g EVTOEREE-OR-risks at 2°C vs 1.5°C

Purple indicates very high
risks of severe impacts/risks
and the presence of
Oover 100M :Ii_lgnifica.ni irreverfsibility or
e persistence o
gﬁg%ina“y climate-related hazards,
exposed combined with limited
Very high ability to adapt due to the
nature of the hazard or
High impacts/risks.
Red indicates severe and
widespread impacts/risks.
Moderate Yellow indicates that
impacts/risks are detectable

Increasein fire | § M and attributable to climate
o h | (O-+—— Undetectable ) .

1 weather season L I change with at least medium

J | H confidence.

| | White indicates that no
impacts are detectable and

Wildfire damage attributable to climate
change.

50

Over 50%
4° increase in

area burnedin

Mediterranean
3° | region

20

relative to levels in pre-industrial time (°C)

GMST change

(IPCC Land report: https://www.ipcc.ch/srccl)
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€ 5 5° -
= over 100M Sustained food
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5 area burnedin exposed globally
E Mediterranean Infrequent
£ 30 | region 3° price spikes Periodic food
& affect shocks across
= individual regions
- 2° 2° countries
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2 o 1° | weather season [ i 1
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Wildfire damage Food supply instabilities

High risks for wildfire damages and food

(IPCC Land report: https://www.ipcc.ch/srccl) _ o
supply instabilities already above 1.5°C
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Reasons for Concern (RFC)
Impact and risk assessments assuming low to no adaptation

5 Risk/impact

- Very high
B vion

4 Moderate
Undetectable

Above 1.1°C we are starting to get

3 ° ‘Transiiion range |nt0 h|gh r|SkS
: Confi(?jence level
. fransition “Near-term actions that limit global
2 . ™ P range ™ .
. . ’ : ERE warming to close to 1.5°C would
1o : . i o substantially reduce projected losses
1 : - : ! e storce] average and damages related to climate
° . : : ‘emperature Increase .
3 13 in 2011-2020 was change in human systems and
H ¢ 1.09°C (dashed line) .
0 range 0.95-1.20°C ecosystems, compared to higher
RFC1 ~ RFC2  RFC3  RFC4  RFCS warming levels, but cannot eliminate
ehtened wenther o immac aggresate agouiar® i i »
tsr;f?[ems events ’ ?r%pagcts ev%nts them a” (Very hlgh Confldence)'

(IPCC AR6 WG2, 2022)
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We have only a few years to act: We need to
halve CO, emissions until 2030 and reach
net-zero CO, within less than 20-30 years to
stabilise global warming at 1.5°C.

Grid Forum 2022
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Global total net COz emissions

Billion tonnes of CO,/yr

In pathways limiting global warming to 1.5°C
with no or limited overshoot as well as in
pathways with a high overshoot, CO2 emissions
are reduced to net zero globally around 2050.

Four illustrative model pathways

P1
P2

P3

(IPCC SR15)

Grid Forum 2022

& SCenaresserstabilization at ~1.5°C

Stabilization to ~1.5°C requires
changes which are unprecedented in
terms of scale:

« Immediate reduction of CO,
emissions on global scale (until 2030:
~50% of 2010)

* Net-zero CO, emissions at the latest
in 2040 (66% probability) — 2050 (50%
probability)

+ “Negative emissions” after reaching

net-zero CO,: At most 10% of present-
day emissions

Sonia Seneviratne, ETH Zurich
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A large gap remains between 2030 commitments and Paris Agreement goals

== 2010 Policy w= Current Policy Unconditional NDCs === Conditional NDCs = 2C scenario
== 1.8C scenario == 1.5C scenario
80 Today Paris Commitment Period
NDCs get the world
closer to a 2C trajectory
60
_ Based on 2030
] targets: we are on a
g trajectory towards
g 40 2.4°C
5 We are not on track
20 .
Current targets would imply
approximately a stabilisation of
| emissions, but we need to halve them
. until 2030 for a 1.5°C trajectory

2016 2018 2020 2022 2024 2026 2028 2030 2032 2034

Adapted from: https://www.carbonbrief.org/analysis-do-cop26-promises-keep-global-warming-below-2c
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SEEewste-reach net-zero CO,?

 No more use of fossil fuels (coal, oil, gas)

* Renewable energy | ~90% reduction of current
* Clean electricity

 Electrification of energy use

CO, emissions

Ground Source Heat Pump
Heating Mode

Solar panels Wind energy Electric mobility Geothermal heating

Grid Forum 2022 Sonia Seneviratne, ETH Zurich



 No more use of fossil fuels (coal, oil, gas)
* Renewable energy
* Clean electricity
 Electrification of energy use

» Carbon dioxide removal (waste combustion,
cement), synthetic fuels (planes)

J |

S—

—

SEEewste-reach net-zero CO,?

~90% reduction of current
CO, emissions

~10% compensation of CO,
emissions; very small scale
at present (<<1%)

Several caveats
(timing, scale,
effectiveness,
resilience)

Afforestation Carbon capture and Synthetic fuels
storage

Grid Forum 2022
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« No more use of fossil fuels (coal, oil, gas)
* Renewable energy
* Clean electricity
 Electrification of energy use

» Carbon dioxide removal (waste combustion,
cement), synthetic fuels (planes)

J |
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EEEewete-keach net-zero CO,?

~90% reduction of current
CO, emissions

~10% compensation of CO,
emissions; very small scale
at present (<<1%)

Several caveats
(timing, scale,
effectiveness,
resilience)

Afforestation Carbon capture and Synthetic fuels
storage
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Good news: Cheap renewables, synergies of
climate mitigation with higher well-being
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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 CHa4 emission from coal mining
Reduce CH4 emission from oil and gas

Energy

Grid Forum 2022

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

0 2

GtCO,-eq yr'

4 6

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

(IPCC WGS3, 2022)
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A world without CO, emissions would be nice!

Numerous co-benefits:

1. Less climate impacts and costs
for ecosystems and health
2. Several further co-benefits for

health:
» Less local air pollution (particles)
» Less noise (no more petrol cars)
» Healthy diets, more active
mobility
3. More geopolitical security: Less
dependency on autocratic fossil

fuel-exporting regimes

o
7~

o & ,’"
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(Paris without cars)
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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!

» Electricity networks play an essential role for decarbonization:
* Needed electrification of energy use to move away from fossil fuels
* Needed CO,-free electricity generation

* We need to urgently foster the energy transition, international cooperation is
essential for stable electricity production
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EVERY ACTION MATTERS

EVERY BIT OF WARMING MATTERS
EVERY YEAR MATTERS

EVERY CHOICE MATTERS
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