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MEGADROUGHTS 
persistent, multiyear drought events that are exceptional in terms of severity, duration, or spatial 
extent when compared with other regional droughts during the instrumental period or the CE 
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regional precipitation responses in climate models, in 
most regions increased drought risk occurs as a direct 
response to warming- induced declines in snow and 
increases in evapotranspiration29,222. A notable excep-
tion is in the Mediterranean- climate regions of South 
America, the Mediterranean Sea, southern Africa, and 
south- western Australia, where increased drought risk is 
caused by robust reductions in cool- season precipitation 

related to anomalous high pressure occurring within an 
adjustment of planetary- scale stationary waves193,227.

In line with increases in overall drought risk, CMIP6 
simulations forced with a moderate warming sce-
nario (SSP2–4.5) indicate that many of the CE mega-
drought regions will experience substantial increases in 
multi- decadal megadrought risk in the latter half of the 
twenty- first century (FIG. 4). This finding is supported 

a  Development of driest 22-year periods b  Development of longest droughts

c  Summer soil moisture (2008–2020 CE) d  Moving window soil moisture (1400–2020 CE)
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Fig. 3 | Anthropogenic contributions to twenty-first-century megadroughts. a | Cumulative summer season soil mois-
ture anomalies over south- western North America associated with the driest 22- year mean anomalies in the soil moisture 
reconstruction61 (800–2021 Common Era (CE)). Shading represents the 95% confidence bounds in reconstructed values.  
In the blue line, the effects of anthropogenic climate change (ACC) on the 2000–2021 soil moisture anomalies have been 
removed. b | As in part a, but cumulative soil moisture anomalies associated with the development of all droughts at least 
15 years in length. The magnitude of the observed 2000–2021 CE drought is 66% higher and the onset date 7 years earlier 
compared with the version where ACC effects are removed, highlighting the strong contribution of climate change  
to this event. c | Observed summer (December–February) soil moisture anomalies257 for southern South America for  
2008–2020 CE. d | Reconstructed and observed 13- year moving window soil moisture anomalies for 1400–present CE45. 
Dashed red line indicates soil moisture anomalies for the 2008–2020 period. In central/southern Chile and Argentina,  
the 2008–2020 CE regional average soil moisture for 2008–2020 CE ranks as the single driest 13- year period during the  
last 600 years. Panels a and b adapted, with permission, from REF.61, Springer Nature Limited.
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regional precipitation responses in climate models, in 
most regions increased drought risk occurs as a direct 
response to warming- induced declines in snow and 
increases in evapotranspiration29,222. A notable excep-
tion is in the Mediterranean- climate regions of South 
America, the Mediterranean Sea, southern Africa, and 
south- western Australia, where increased drought risk is 
caused by robust reductions in cool- season precipitation 

related to anomalous high pressure occurring within an 
adjustment of planetary- scale stationary waves193,227.

In line with increases in overall drought risk, CMIP6 
simulations forced with a moderate warming sce-
nario (SSP2–4.5) indicate that many of the CE mega-
drought regions will experience substantial increases in 
multi- decadal megadrought risk in the latter half of the 
twenty- first century (FIG. 4). This finding is supported 

a  Development of driest 22-year periods b  Development of longest droughts

c  Summer soil moisture (2008–2020 CE) d  Moving window soil moisture (1400–2020 CE)
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reconstruction61 (800–2021 Common Era (CE)). Shading represents the 95% confidence bounds in reconstructed values.  
In the blue line, the effects of anthropogenic climate change (ACC) on the 2000–2021 soil moisture anomalies have been 
removed. b | As in part a, but cumulative soil moisture anomalies associated with the development of all droughts at least 
15 years in length. The magnitude of the observed 2000–2021 CE drought is 66% higher and the onset date 7 years earlier 
compared with the version where ACC effects are removed, highlighting the strong contribution of climate change  
to this event. c | Observed summer (December–February) soil moisture anomalies257 for southern South America for  
2008–2020 CE. d | Reconstructed and observed 13- year moving window soil moisture anomalies for 1400–present CE45. 
Dashed red line indicates soil moisture anomalies for the 2008–2020 period. In central/southern Chile and Argentina,  
the 2008–2020 CE regional average soil moisture for 2008–2020 CE ranks as the single driest 13- year period during the  
last 600 years. Panels a and b adapted, with permission, from REF.61, Springer Nature Limited.
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Ridging and Soil Moisture Drought 
Over the Central Plains
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BUT significantly drier soils 
 during ridge events w/ warming

Soil Moisture (σ)
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Non-stationarity in the paleoclimate record 
occurs across a variety of timescales

There is non-stationarity in hydroclimate 
variability, but also in underlying processes

Earth system models can provide important 
complementary information on processes


