
Flash Drought in the

Great Plains and its Predictability

Dr. Andrew Hoell

Senior Research Meteorologist

NOAA Physical Sciences Laboratory

Credit: Olesia Bilkei, Adobe Stock



Pilot Project: Spring and Summer Precipitation Forecasts
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Great Plains Flash Drought
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Characteristics

Intensify rapidly, result in drought, and produce impacts.

Causes

Sequences of extreme weather events that last at least several weeks.

Low Predictability

Lack a holistic understanding and forecasts of past events have been poor. 
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Flash Droughts Intensify Rapidly, 
Result in Drought, and Lead to Severe Impacts
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Many Flash Droughts Related to Billions in
Losses in the Great Plains
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Year Loss in 2024 USD U.S. Great Plains Area

1988 55.2B Central

2012 42.3B Northern, Central, Southern

1980 41.1B Northern, Central, Southern

2002 16.2B Northern, Central

2006 9.7B Northern, Central, Southern

2003 8.8B Central

1989 7.9B Northern, Central

1998 7.0B Central, Southern

2007 5.6B Northern, Central

2018 3.9B Central, Southern

2017 3.3B Northern

Source: NOAA Billion Dollar Disasters



Rapid Onset Droughts Noted as Early as 1982 
Despite Not Being Called ‘Flash Drought’
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Increased Focus on Flash Drought Since the 2012 Event 
Alongside the Emergence of Subseasonal-to-Seasonal Forecasting 
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2017 Northern Great Plains Flash Drought Developed in May

9Source: ECMWF ERA5



2012 Flash Drought Engulfed the Entire Great Plains and 
Developed at Different Times in Different Places

10Source: ECMWF ERA5
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Flash Droughts Require a Multi-Dimensional Perspective
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Adopt a Perspective that Includes Space and Time
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Average along latitude 

from 105ºW to 95ºW.

Days in April-September 2017

Source: ECMWF ERA5



Rapid Soil Moisture Decline in Northern Plains During May-June 2017
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Rapid Soil Moisture Decline Related to Below-Average Precipitation
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Rapid Soil Moisture Decline Related to Extreme Temperatures
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Persistent Blocking High Pressure to the West of the
Northern Great Plains in May-July 2017

17Source: ECMWF ERA5



Rapid Soil Moisture Decline in North-Central Plains During May-June 2012

18Source: ECMWF ERA5



Rapid Soil Moisture Decline Related to Below-Average Precipitation
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Rapid Soil Moisture Decline Related to Above-Average Temperatures

20Source: ECMWF ERA5



Persistent Blocking High Pressure to the West of the 
Great Plains in May-June 2012

21Source: ECMWF ERA5
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We Lack a Holistic Predictive Understanding of Flash Drought
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Rare

Too few events to generalize their characteristics and predictability.

Standardization

All past predictability studies were conducted differently. 

Tools

Poor predictions of past events. 



May-July 2017 Precipitation Deficits Related to Northern Great Plains 
Flash Drought Unpredictable Ahead of the Season
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May-July 2017 Precipitation Deficits Related to Northern Great Plains 
Flash Drought Unpredictable More Than 7 Days in Advance
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June-August 2012 Precipitation Deficits Related to Central Great 
Plains Flash Drought Unpredictable Ahead of the Season
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June-August 2012 Precipitation Deficits Potentially Predictable up to 
Three Weeks in Advance According to Just One Forecast Model
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Great Plains Flash Drought Considerations

28

Compound Events

Flash drought predictability depends on accurate forecasts of several quantities. 

Reassessment

Routine review of physical science and impacts to test the latest advances. 

Investment

Tools that improve real-time monitoring and forecasts.
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