
Blending observations with CESM to 
assess the historical context of lower 

Midwest extreme precipitation

Alexander Thompson, Bronwen Konecky, & Jack Hutchings

CESM Workshop

June 14, 2023

Twitter: CSU CIRA



July 26

July 28

July 2022

St. Louis, MO
Hazard, KY

Twitter: @GabrielaVtv

WYMT



2022

1915

1-in-1,000-year event?

Twitter: @ScotPilie_Wx

Forbes

FOX Weather

CNN



Data from NOAA Applied Climate Information System

2022Rx1 day = Annual maximum daily rainfall
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8.64 in 
~22 cm
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90% CI range: 7.36 inches (~18.7 cm)
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Fill in missing data with CESM LME



Research Questions

1. What is the “updated” 1,000-year rainfall 
amount for STL and EKY?

2. What was the return period for the 
rainfall from the July 2022 storm?



Research Questions

3. How does the return period change 
under different temporal scenarios?
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Blended dataset: obs + model

Obs: NOAA Applied Climate 
Information System (ACIS)
Model: CESM LME



Blended Dataset of Rx1 day



Q1. 1000-year rainfall amount

STL EKY

5.06 inches 
(90% CI: 5.01-5.21 inches)

4.43 inches 
(90% CI: 4.33-4.61 inches)



Q1. 1000-year rainfall amount

Much less uncertainty with our approach

STL EKY

~0.5 cm ~0.7 cm

~18.7 cm ~3.8 cm



Q2. July 2022 storm return period

STL EKY

1-in-989-year event
(90% CI: 610–1,219 years)

1-in-246-year event
(90% CI: 153–327 years)



Q3. Impact of warmer world?
July 2022 storm return period

EKY

STL

Pre-1850: 235 years

Post-1850: 92 years

Pre-1850: 1,495 years

Post-1850: 280 years
~5 times more likely ~2.5 times more likely



Conclusions
• Novel approach to modern extreme rainfall 

using paleoclimate modeling!

• July 2022 extreme rainfall
• STL: ~1000-year event, EKY: ~250-year event

• July 2022 storm is ~2.5 to 5 times more likely in 
post-industrial era



Thank you for listening

ajthompson@wustl.edu



Q3. Impact of warmer world?
1000-year rainfall amount

EKYSTL

Pre-1850: 4.45 inches

Post-1850: 4.83 inches

Pre-1850: 4.96 inches

Post-1850: 5.49 inches

~11% increase ~9% increase



Observations: ACIS station data



Historical context

GEV distribution Average recurrence





Weighted median:

0.5*max
+ 

0.125 * 
(002+003+008+009)




















