
La sécheresse 2022 est-elle une conséquence du
changement climatique ?

Aurélien Ribes, Lola Corre, Agathe Drouin, Brigitte Dubuisson, Jean-Michel
Soubeyroux

SHF, Paris, 8–9 mars 2023



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 AR6: Heatwaves increase in frequency and
intensity.

12–25 July Heatwave:
• Event: +3°C; 14 days.
• Change in frequency: x8 [x4 to x20],
• 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],
• Change in intensity: +1.5 [+1.1 to +2] °C,
• Probability (curr. climate): 5.10−3 [10−3 to 2%].
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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 AR6: 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?

Summer (JJA)
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Soil moisture
o

IPCC AR6: Increase of drought frequency and
severity (regions: WCE, MED).

Expected soil drying

WWA study (Schumacher et al., not yet published)

• Root zone soil moisture drought ∼3–4
times more likely now,

• Larger trends in obs than models,

• see also Douville & Plazotta (2017, GRL).
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Soil moisture
o

IPCC AR6: Increase of drought frequency and
severity (regions: WCE, MED).

Expected soil drying

WWA study (Schumacher et al., not yet published)

• Root zone soil moisture drought ∼3–4
times more likely now,

• Larger trends in obs than models,

• see also Douville & Plazotta (2017, GRL).
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Soil moisture
o

IPCC AR6: Increase of drought frequency and
severity (regions: WCE, MED).

Expected soil drying

WWA study (Schumacher et al., not yet published)

• Root zone soil moisture drought ∼3–4
times more likely now,

• Larger trends in obs than models,

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

Indice d’humidité des sols agrégé

1er janvier 2022 au 31 décembre 2022

France

N.B. : La vente, redistribution ou rediffusion des informations reçues, en l’état ou sous forme
          de produits dérivés, est strictement interdite sans l’accord de METEO−FRANCE

Edité le : 30/01/2023
Produit élaboré avec les données disponibles

du : 30/01/2023 09:18 UTC

Météo−France − DCSC
42 avenue Gustave Coriolis  31057 Toulouse Cedex

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



Soil moisture
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IPCC AR6: Increase of drought frequency and
severity (regions: WCE, MED).
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• Root zone soil moisture drought ∼3–4
times more likely now,

• Larger trends in obs than models,

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

 
Fig. 4: Surface soil moisture. Gaussian  fit with constant dispersion parameter, and the location parameter scaling 
proportional to GMST of the index series, for the WCE region based on three gridded datasets- (a) ERA5-Land 
(b) ERA5 and (c) GLDAS-CLSM. The 2022 event is included in the fit. Left: Observed JJA average surface soil 
moisture as a function of the smoothed GMST. The thick red line denotes the time-varying location parameter. 
The vertical red lines show the 95% confidence interval for the location parameter, for the current, 2022 climate 
and a 1.2ºC cooler climate. The 2022 observation is highlighted with the magenta box. Right: Return time plots 
for the climate of 2022 (red) and a climate with GMST 1.2 ºC cooler (blue). The past observations are shown 
twice: once shifted up to the current climate and once shifted down to the climate of the late nineteenth century. 
The markers show the data and the lines show the fits and uncertainty from the bootstrap. The magenta line shows 
the magnitude of the 2022 event analysed here.  
 

From Schumacher et al. (WWA), Fig 4.



Circulation

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

IPCC AR6: No strong conclusion.

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

Supplemental Material 8

Figure S1. Circulation anomalies during persisting 3-year La Niña. 500

hPa January-to-August mean geopotential height anomaly in years (i.e., 1956, 1975,

2000, 2022) characterized by a three-year persisting La Niña.

Supplemental Material 8

Figure S1. Circulation anomalies during persisting 3-year La Niña. 500

hPa January-to-August mean geopotential height anomaly in years (i.e., 1956, 1975,

2000, 2022) characterized by a three-year persisting La Niña.

Z500 anomaly, Jan-Aug 2022.
Supplemental Material 14

Figure S7. Attribution results for the 2022 Drought via analogs. As in Figure

2 in the main text, but for analogs of the bias corrected sea-level pressure and the DOE

dataset.

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 AR6, 2021).

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