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Context — Attribution of Single Extreme Events

Describing the relationship between an extreme event and climate change

¢ Usually no deterministic (necessary) causality.
(e.g., the event was possible without climate change)

* Climate change potentially affects the probability of the event,
(considering a given threshold)

 Climate change potentially affects the intensity if the event,
(considering a given occurrence probability)

Recent progresses (IPCC WG1 AR6 Ch.11, 2021)

“there have been important new developments and knowledge advances on changes in weather
and climate extremes, in particular regarding human influence on individual extreme events, on
changes in droughts, ...”



Temperature

IPCC ARG6: Heatwaves increase in frequency and
intensity.
12-25 July Heatwave:

e Event: +3°C; 14 days.

* Change in frequency: x8 [x4 to x20],

e Change in intensity: +2 [+1.4 to +2.6] °C,

* Probability (curr. climate): 25%.

May to August Heat:
* Event: +3.8°C; 4 months.
* Change in frequency: x500 [x50 to x10.000],
e Change in intensity: +1.5 [+1.1 to +2] °C,

* Probability (curr. climate): 5.1073 [103 to 2%)].

Multi Synthesis

Attribution of May—August heat.
Top: change in probability (red: factual world, blue: counter
factual, i.e., no human influence). Bottom: human-induced

increase in intensity.



Precipitation

IPCC ARG6: Expected increase in maximum
consecutive dry days.

No formal attribution study...

June — August rainfall:
* not so rare (p ~ 15%),
* normal in late 21C.

Relatvie precip change

Summer (JJA)
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Precipitation

IPCC ARG6: Expected increase in maximum
consecutive dry days.

No formal attribution study...

June — August rainfall:
* not so rare (p ~ 15%),
* normal in late 21C.

Full 2022 rainfall:
* rare event (p ~ 3%),
* long-term trend unclear,

* some models simulate substantial drying.
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Precipitation

IPCC ARG6: Expected increase in maximum
consecutive dry days.

No formal attribution study...

June — August rainfall:
* not so rare (p ~ 15%),
* normal in late 21C.

Full 2022 rainfall:
* rare event (p ~ 3%),
* long-term trend unclear,

* some models simulate substantial drying.

Annual

Anomalie du cumul annuel de précipitation
Zone France RCP 8.5 (DRIAS-2020)

France avg rainfall vs DRIAS models
RCP8.5 scenario



Precipitation

IPCC ARG6: Expected increase in maximum
consecutive dry days.

No formal attribution study...

June — August rainfall:
* not so rare (p ~ 15%),
* normal in late 21C.

Full 2022 rainfall:
* rare event (p ~ 3%),
* long-term trend unclear,

* some models simulate substantial drying.

Early 2023 rainfall deficit?
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France avg rainfall vs DRIAS models
RCP8.5 scenario



Soil moisture

IPCC ARG6: Increase of drought frequency and
severity (regions: WCE, MED).

IPCC WG1 AR6 SPM, Fig SPM.3



Soil moisture

IPCC ARG6: Increase of drought frequency and
severity (regions: WCE, MED).

IPCC WG1 AR6 SPM, Fig SPM.6



Soil moisture

IPCC ARG6: Increase of drought frequency and
severity (regions: WCE, MED).

Expected soil drying

Soil moisture response in RCP8.5 scenario vs year 2022.



Soil moisture

IPCC ARG6: Increase of drought frequency and
severity (regions: WCE, MED). (a) Based on ERAS-Land

JunAug averoged sm ERASLand WCE 1 1950:2022 (55% CI)
Jun Aug averaged sm ERASLand WCE 1 19502022 (95% C)

Expected soil drying s - , N
por b T N
WWA study (Schumacher et al., not yet published) I :
* Root zone soil moisture drought ~3—4 (b) Based on ERAS © © e

times more likely now,

. From Schumacher et al. (WWA), Fig 4.
* Larger trends in obs than models,

* see also Douville & Plazotta (2017, GRL).



Circulation

Is the 2022 recurrence of high pressure over France related to
the human influence?

IPCC ARG6: No strong conclusion.

Faranda et al. (2023): Analog evidence suggests maybe

a) SLP [hPa] 2022 b) SLP [hPa] [1836-1915] c) SLP [hPa] [1942-2021]

Z500 anomaly, Jan-Aug 2022.

d) A SLP [hPa]
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Analogs of the 2022 SLP over 1836—1915 and 1942-2021.



Conclusion

Consistent with IPCC conclusions, the human influence is found to be:
* extremely clear on temperature ; some features of 2022 are not extreme in today’s climate,
* pretty clear on low soil moisture and summer (lack of) rainfall,

¢ uncertain on annual (lack of) rainfall.

There is high confidence that concurrent heatwaves and droughts have increased in frequency over the last century at
the global scale due to human influence (IPCC ARG, 2021).

Research on event attribution to continue (MF, IPSL, Drias, PEPR TRACCS).
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