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Recent extreme weather events – part of the natural 
variability...

Canadian heatwave - June 2021 German flood - July 2021

Australian bushfires – 2019-2020 French drought - May vs July 2018 



… in a changing climate

European summer anomalies (°C)



First effect of a change: small changes in mean can lead to 
« large » effects in extremes



A small shift in the extremes can lead to 
large impacts

WHO, 2005

Mortality vs temperature in Madrid



IPCC AR6 WGI



Global temperature change attribution

IPCC AR6 WGI



What is extreme event
attribution?

What is extreme event
attribution?



Beginnings of EEA

• “Will it ever be possible to sue anyone for
damaging the climate?” Allen (2003) Nature
• First EEA of summer 2003 European
heawave -> Change in risk of mean
European summer temperatures exceeding
the 1.6 K threshold. Stott et al (2004)



A booming field



Framing Extreme Event Attribution



General approach

Stott et al (2016)



Event definition matters

Harrington 2019-> more about event definition tomorrow



Framing matters
“it is very unlikely that warming attributable to increasing greenhouse gas concentrations
contributed substantially to the magnitude of this heat wave”

Dole et al (2011)



Framing matters
“ For July temperature in Moscow, we estimate that the local warming trend has increased the number
of records expected in the past decade fivefold, which implies an approximate 80% probability that the
2010 July heat record would not have occurred without climate warming.”

Rahmstorf and Coumou (2011)



Framing matters – Otto et al (2012)



Definition of the counterfactual world matters

Hauser et al 2015



Different approaches
Approach matters



Risk-based approach

Stott et al (2016)



Risk-based approach

-> see tomorrow’s practical on how to calculate them

Probability of exceedance in the factual world
Probability of exceedance in the counterfactual world

Intensity of the event in the factual world 
Intensity of the event in the counterfactual world 

Probability ration
Fraction of attributable risk
Difference of intensity



Risk-based approach

Pall et al (2011)



Datasets for EEA

Reanalyses
GCMs -> CMIP5/CMIP6 models
RCMs
-> weather@home
-> CORDEX
…
They all have their limitations



Storyline approach
Disentangling dynamics and thermodynamics



Theoretical basis

How did climate change affect the physical processes leading to the event?
→ Division between dynamics and thermodynamics 
Trenberth et al (2015) Nature Clim. Change
Shepherd (2016) Current Climate Change Reports
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Flow analogues



Residual thermodynamical trends

HW 2003

HW 2010

Conditional (Thermodynamical) trend Residual trend

Jézéquel et al 2020



Conditionnal attribution in a model

Meredith et al 2015



Conditional trends



Conditional trends



Conditional trends



Some further challenges



Rapid event attribution
• Do it in near real-time
• To have more reach
• Peer-review related questions 

(many collective discussions) 

• Trigger conditions
• Bring together experts
• Define the event
• Collect observations and 

available models
• Detection: observation 

analysis
• Model evaluation
• Attribution: model analysis
• Hazard Synthesis
• Vulnerability and exposure
• Communication 

summaries

and Friederieke Otto
& other colleagues



The « world weather attribution » network

https://www.worldweatherattribution.org



3-day rainfalls that led to Seine river floods

Risk ratio of 3-day rainfall exceeding the observed
extreme : approximately 2

29-30-31 May 2016
~18 mm/day average
over the Seine catchment



Compound events attribution

Zscheischler et al 2020



Compound events attribution

Zscheischler and Lehner 2022

Univariate Bivariate



Compound events attribution

Zscheischler and Lehner 2022



Extreme impacts attribution

IPCC



Extreme impacts attribution

Mitchell et al (2016)



Extreme impacts attribution

Schaller et al (2014)



Some instructions for tomorrow’s practical

Download R and Rstudio
Practical to be sent by mail today
Follow instructions to install the required package (see mail)


