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“Blue marble”, Apollo 17, 1972
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“Sunset over Earth”, NASA, 11/2009



13.01.2022, IFIC, U. Valencia Sonia Seneviratne, ETH ZurichLimiting global warming to 1.5ºC: Our physical insights on the climate emergency

Working Group I – The Physical Science Basis

- Without greenhouse effect => Mean global temperature would be 33ºC lower
- Greenhouse effect due to human activity => Additional warming since pre-
industrial time = +1.1ºC during last decade (IPCC AR6)

4

Does +1.1ºC matter?

Yes! >1ºC of fever already indicates an illness in 
the human body (compared to normal temperature 
of ~37ºC)

The greenhouse effect
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Greenhouse gas effect due to CO2 concentrations is 
already estimated since more than 100 years 
(Arrhenius, 1896; based on Fourier, Tyndall) 

Svante Arrhenius
(Nobel prize in 
Chemistry, 1903) 

The greenhouse effect & climate science
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Greenhouse gas effect due to CO2 concentrations is 
already estimated since more than 100 years 
(Arrhenius, 1896; based on Fourier, Tyndall) 

Svante Arrhenius
(Nobel prize in 
Chemistry, 1903) 

The greenhouse effect & climate science

Science underlying climate models and attribution of 
climate signals to human influence is established 
since more than 40 years 

Syukoro Manabe & Klaus Hasselmann 
(¼ & ¼ of 2021 Physics Nobel prize)
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IPCC AR6 Working Group I report 
https://www.ipcc.ch/assessment-report/ar6/
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IPCC AR6 Working Group I report 
https://www.ipcc.ch/assessment-report/ar6/

Chapter 11 team:
Sonia I. Seneviratne, Xuebin Zhang
Muhammad Adnan, Wafae Badi, Claudine Dereczynski, Alejandro Di Luca, Subimal Ghosh, 
Iskhaq Iskandar, James Kossin, Sophie Lewis, Friederike Otto, Izidine Pinto, Masaki Satoh, 
Sergio M. Vicente-Serrano, Michael Wehner, Botao Zhou

IPCC AR6 Working Group I report
https://www.ipcc.ch/assessment-report/ar6/
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• We already had 1.1°C (1.09°C) of 
global warming in 2011-2020 
compared to 1850-1900

• The warming rate is unprecedented in 
more than 2000 years, the 
temperature level is unprecedented in 
more than 100’000 years

• The largest part of this warming is 
irreversible for several generations

Observed global warming

(IPCC AR6, Fig. SPM.1)
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(IPCC AR6, Fig. SPM.1)

• IPCC AR6: “It is unequivocal that 
human influence has warmed the 
atmosphere, ocean and land”

• Best estimate: About all of the global 
warming is due to human-induced
emissions

Observed global warming & attribution
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IPCC SR15

Atmospheric CO2 concentrations

First IPCC report: 1990
Kyoto protocol: 2005
IPCC Nobel Peace Prize: 2007
Paris agreement: 2015
IPCC special report on 1.5C: 2018
Greta Thunberg: 2018-2021
COVID Crisis: 2020-2021

May 2021: New record, 
419.13 ppm

CO2 concentrations are increasing 
unabatedly no matter how much 
scientific information is produced, 
tought, shared, discussed…

CO2 concentrations
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IPCC SR15

(IPCC AR6, Chapter 5: Figs. 5.6 and 5.5)

Sources of CO2 emissions:
• Burning of fossil fuels
• Land use (deforestation)

Atmospheric CO2 concentrations and CO2 emissions

The cause of human-induced global warming is clear
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IPCC SR15

(IPCC AR6, Fig. SPM.10)

Direct relationship 
between cumulative CO2
emissions and global 
warming

Every additional emissions 
of CO2 lead to additional 
global warming

Very small remaining CO2
budget for a stabilisation 
at ca. 1.5°C (1.6°C)

Cumulative CO2 emissions vs global warming
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Observed warming patterns

(IPCC AR6, Chapter 2, Fig. 2.11)

Warming patterns

Temperature 
observations reveal 
warming acceleration 
after the 1970s

Land regions are 
warming substantially 
more than the global 
mean: 1.6ºC (1.59ºC)
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Observed changes in water cycle

(IPCC AR6, Ch8)

Combined tendency to wetting and drying: More moisture in the air, but further
from saturation point

«When it rains, it pours», but also more potential for drying soils
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Temperature 
extremes

Heavy precipitation Floods Droughts Storms Compound 
events

• Evidence of observed changes in extremes has strengthened in 
particular for extremes related to water cycle: precipitation, droughts, 
tropical cyclones and compound extremes (including dry/hot events and 
fire weather)

Observed changes in extremes

(IPCC AR6)
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Temperature 
extremes

Heavy precipitation Floods Droughts Storms Compound 
events

• Evidence of observed changes in extremes has strengthened in 
particular for extremes related to water cycle: precipitation, droughts, 
tropical cyclones and compound extremes (including dry/hot events and 
fire weather)

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

Observed changes in extremes

(IPCC AR6)
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2019-2021: Events made more likely because of human-induced climate change

Climate at 1.1°C: Human influence on recent extreme events

France, 2019 Australia, 2019-2020 Siberia, 2020

Canada, 2021 Western Europe, 2021 Mediterranean, 2021

Switzerland: Heat waves (2018, 2019); Extreme rainfall (2018, 2021); Crop impacts due to late frost (2021)
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Climate change is already affecting every 
inhabited region across the globe, with 
human influence contributing to many 
observed changes in weather and climate 
extremes

jHotHot extremes

Observed changes in extremes

Extreme rainfall

Drought



13.01.2022, IFIC, U. Valencia Sonia Seneviratne, ETH ZurichLimiting global warming to 1.5ºC: Our physical insights on the climate emergency

Working Group I – The Physical Science Basis

“It is virtually certain that hot extremes have become more frequent and more intense 
across most land regions”

“There is high confidence that human-induced climate change is the main driver of
these changes”

(IPCC AR6, Fig. SPM.3)

Observed changes in extremes: Heat extremes
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(IPCC AR6, Fig. SPM.3)

Observed changes in extremes: Heavy precipitation events

Heavy precipitation events are increasing in almost all regions
with observations
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(IPCC AR6, Ch11)

Observed changes in extremes: Heavy precipitation events
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(IPCC AR6, Ch11)

Observed changes in extremes: Heavy precipitation events

The frequency and intensity 
of heavy precipitation 
events have likely increased 
at the global scale over a 
majority of land regions 
with good observational 
coverage.

Heavy precipitation has likely 
increased on the continental 
scale over three continents: 
North America, Europe, and 
Asia.
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Observed changes in extremes: Droughts

(IPCC AR6, Fig. SPM.3)

Droughts are increasing in some regions due to increased
evapotranspiration
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• Event attribution studies and physical understanding indicate that human-

induced climate change increases heavy precipitation associated 
with tropical cyclones (high confidence)

• It is likely that the global proportion of major (Category 3–5) tropical 
cyclone occurrence has increased over the last four decades. 

Observed changes:Tropical cyclones & compound events

(IPCC AR6)
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• Event attribution studies and physical understanding indicate that human-

induced climate change increases heavy precipitation associated 
with tropical cyclones (high confidence)

• It is likely that the global proportion of major (Category 3–5) tropical 
cyclone occurrence has increased over the last four decades. 

Human influence has likely increased the chance of compound extreme 
events since the 1950s:
• concurrent heatwaves and droughts on global scale (high confidence)
• fire weather in some regions of all inhabited continents (medium 

confidence)
• compound flooding in some locations (medium confidence)

Observed changes:Tropical cyclones & compound events

(IPCC AR6)
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What will happen after 2030?

Scenario

It depends on our decisions and emissions!

(IPCC AR6)
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Projections

Only 1 scenario compatible with aim of Paris agreement (”well below 2°C” and “pursuing 
efforts” to stabilize at 1.5°C)
We are at a crossroads 

What will happen after 2030?
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What will happen after 2030?

Temperature changes

The level of global 
warming will determine
the regional changes in 
climate



13.01.2022, IFIC, U. Valencia Sonia Seneviratne, ETH ZurichLimiting global warming to 1.5ºC: Our physical insights on the climate emergency

Working Group I – The Physical Science Basis

What will happen after 2030?

The level of global 
warming will determine
the regional changes in 
climate

Precipitation changes

Soil moisture changes
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Projected changes in extremes as function of global warming
Many changes in the frequency and intensity of climate extremes 
become larger with increasing global warming:

o hot extremes
o marine heatwaves
o heavy precipitation
o agricultural and ecological droughts in some regions 
o proportion of intense tropical cyclones

What will happen after 2030?
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Many changes in the frequency and intensity of climate extremes 
become larger with increasing global warming:

o hot extremes
o marine heatwaves
o heavy precipitation
o agricultural and ecological droughts in some regions 
o proportion of intense tropical cyclones

Already much higher risks at 2°C compared to 1.5°C, as well as at 
1.5°C compared to now, including some irreversible impacts

Projected changes in extremes as function of global warming

What will happen after 2030?
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Every additional 0.5°C of global 
warming causes clearly 
discernible increases in the 
intensity and frequency of hot 
extremes, including heatwaves 
(very likely) 

(IPCC AR6, Fig. SPM.6)

Changes in extremes as function of global warming
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Every additional 0.5°C of global 
warming causes clearly 
discernible increases in the 
intensity and frequency of hot 
extremes, including heatwaves 
(very likely) 

(IPCC AR6, Fig. SPM.6)

Changes in extremes as function of global warming
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Every additional 0.5°C of global 
warming causes clearly 
discernible increases in the 
intensity and frequency of hot 
extremes, including heatwaves 
(very likely) 

(IPCC AR6, Fig. SPM.6)

Changes in extremes as function of global warming
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Projected percentage changes 
in frequency are higher for 
rarer events (high confidence)

(IPCC AR6, Fig. SPM.6)

Changes in extremes as function of global warming
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Projected percentage changes 
in frequency are higher for 
rarer events (high confidence)

Hot extremes on land warm 
more than global mean 
temperature 

(IPCC AR6, Fig. SPM.6)

Changes in extremes as function of global warming
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Every additional 0.5°C of global 
warming causes clearly 
discernible increases in:
• heavy precipitation (high 

confidence)

(IPCC AR6, Fig. SPM.6)

Changes in extremes as function of global warming
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Regions with assessed drying at 2°C 
of global warming

+CAR

Every additional 0.5°C of global 
warming causes clearly 
discernible increases in:
• heavy precipitation (high 

confidence)
• agricultural and ecological 

droughts in some regions 
(high confidence) 

(IPCC AR6, Fig. SPM.6)

Changes in extremes as function of global warming
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Mean vs extreme changes in precipitation

Both too much and too little water on continents

Changes in mean precipitation vs extreme preciptiation (for ca. 4°C of global warming) 

Mean precipitation Extreme precipitation (Rx1day) 

(IPCC AR6, Ch11)

Soil moisture
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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

Changes in extremes as function of global warming
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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 are likely to become more frequent
• Further increases of fires and compound flooding (high confidence)

Changes in extremes as function of global warming
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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 are likely to become more frequent
• Further increases of fires and compound flooding (high confidence)
• 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)

Changes in extremes as function of global warming
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Evidence on risks at 2°C vs 1.5°C

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

Evidence on risks at 2°C vs 1.5°C
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• More risks of hitting 
global tipping points 
between 1.5°C and 2°C

2°C

1.5°C

(IPCC SR15, 2018)

0°C

Evidence on risks at 2°C vs 1.5°C
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• Risks to coral reefs

2°C

1.5°C

• Irreversible impacts to biodiversity 
associated with higher global warming:
• coral reefs: losses of 70-90% at 1.5°C, losses 

of >99% at 2°C
• tripling of insects and doubling of plants and 

vertebrates which lose more than half of their 
geographic range at 2°C vs 1.5°C of global 
warming

(IPCC SR15, 2018)

0°C

Evidence on risks at 2°C vs 1.5°C
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(IPCC SR15)

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

• Immediate reduction of CO2
emissions on global scale (until 2030: 
50% of 2010)

• Net-zero CO2 emissions at the latest 
in 2040 (66% probability) – 2050 (50% 
probability)

• “Negative emissions” after reaching 
net-zero CO2: At most 10% of present-
day emissions

Scenarios for stabilization at ~1.5°C
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Remaining CO2 budgets for 1.5°C

(IPCC AR6)

Yearly emissions:
~ 40 GtCO2

• 7-12 years of remaining CO2 emissions for 1.5°C limit at current emissions level
• Scenarios with stabilization at 1.5°C: -40-60% decrease in CO2 emissions until 2030
• Need between 5-7.5% decrease of CO2 emissions per year

We are in a climate
crisis
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COP26

Based on 2030 
targets: we are on a 
trajectory towards
2.4°C

We are not on track

https://www.carbonbrief.org/analysis-do-cop26-promises-keep-global-warming-below-2c
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We are in a climate crisis:
• We already have more than 1.1°C of global warming, if we don’t decrease CO2

emissions immediately, 1.5°C will be out of reach
• Many extreme events are become more intense and frequent, and we are

starting to see events which are without precedent
• The Mediterranean region is among the most affected regions of the world. It is

in particular a hot spot for observed and projected drying.

What’s next?
• First step: Require ~50% decrease in CO2 emissions until 2030, ca. 5-7.5% per 

year from now on; we are not on track
• World countries need to submit more ambitious CO2 mitigation targets at 

COP27
• We need action, not only words

Conclusions
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Thank you!

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis


