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(Non)Stationarity & Variability

Need to consider nonstationarity in the forms 
of a trend (wetting/drying) and variability

Drought dynamics respond to all forms of non-
stationarity, not just the trend



Changing Variability – Heavy Precipitation

Observed increase in heavy precipitation frequency in most US regions

NCA5: Marvel et al. 2023



Surface & Subsurface Response to More Intense Rainfall

Guo et al. 2019



Surface & Subsurface Response to More Intense Rainfall

Guo et al. 2019

More intense rainfall can 
induce higher runoff ratio



Precipitation Variability in Practice

6th wettest summer in St. Louis
66% of total in just 2 days

2022 Summer Accumulated Precipitation – St. Louis, MO



Changing Variability – Heavy Precipitation

2 full weeks of soil 
moisture at or below 
“moderate drought” 

threshold

8” Soil Moisture in Belleville, IL
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6th wettest summer on 
record in St. Louis area



Present & Future Challenges

OPERATIONAL MONITORING AND 
ASSESSMENT DROUGHT SCIENCE

How do we consider precipitation in 
drought monitoring and assessment?

How do we understand and predict 
drought dynamics with increasingly intense 

precipitation? 



Considering Precipitation Effectiveness
The usefulness of precipitation within a system (Parker et al. 2023)



Considering Precipitation Effectiveness
Assessing precipitation effectiveness and 

agricultural drought in the Midwest

Champaign, Illinois 
2015 – 2023

Data Source: Illinois Climate Network 



Thank You!

twford@illinois.edu | stateclimatologist.web.Illinois.edu | @ILClimatologist

Brandenburg Farms - Cerro Gordo, IL

“Any advances toward a deeper understanding and 

quantification of precipitation effectiveness will lead 

to a robust drought monitoring paradigm that could 

more effectively anticipate and assess conditions, 

and ultimately help build a more drought-resilient 
future for communities all across the nation.”

mailto:twford@illinois.edu
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