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NUMBER OF COSTLY SEVERE WEATHER EVENTS IN THE U.S. 
CONTINUES TO RISE

NCEI (2024)
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NUMBER OF COSTLY SEVERE WEATHER EVENTS IN THE U.S. 
CONTINUES TO RISE

USGCRP (2023)
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PRIOR RESEARCH HAS PRIMARILY FOCUSED ON CHANGES IN 
FUTURE CONVECTION RESULTING FROM THE FORCED RESPONSE

Diffenbaugh et al. (2013)

Rasmussen et al. (2017)
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LESS ATTENTION HAS BEEN GIVEN TO THE ROLE OF INTERNAL 
CLIMATE VARIABILITY ON CONVECTIVE ENVIRONMENTS
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Allen et al. (2015)



OBJECTIVE

LEVERAGE THE CESM2 LARGE ENSEMBLE TO ANALYZE THE HISTORICAL AND PROJECTED FUTURE EVOLUTION OF 
BOTH FORCED AND INTERNAL CLIMATE VARIABILITY ON CONVECTIVE ENVIRONMENTS OVER THE U.S. 
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THE DETAILS
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*Masked out ocean regions



HOW WELL DOES CESM2 SIMULATE CONVECTIVE 
ENVIRONMENTS?

MAMJ CAPES06 CLIMATOLOGY
1980-2019



EVOLUTION OF MAMJ CONVECTIVE ENVIRONMENTS OVER 
THE EASTERN U.S.

•  ANOMALIES FROM THE 
1971-2000 REFERENCE 
CLIMATOLOLGY

•  MINIMAL DEVIATIONS FROM 
THE REFERENCE 
CLIMATOLOGY OVER THE 
HISTORICAL RECORD

•  FORCED RESPONSE DUE TO 
CLIMATE CHANGE EMERGES 
JUST PRIOR TO THE YEAR 2000



EVOLUTION OF MAMJ CONVECTIVE INDICES RELATIVE TO 
1971-2000



ENSEMBLE 25
(m = -182 J kg-1 decade-1 )

RANGE OF LINEAR DECADAL TRENDS
(2021-2050)

ENSEMBLE 23
(m = 791 J kg-1 decade-1 )



MODULATIONS OF DECADAL TRENDS OF CAPES06 
(2021-2050)

ENSEMBLE 25

ENSEMBLE 23



SUMMARY AND CONCLUSION
KEY FINDINGS:

1. THE SIGNAL OF CLIMATE CHANGE IN LARGE-SCALE CONVECTIVE ENVIRONMENTS OVER THE U.S. 
EMERGES FROM THE INTERNAL VARIABILITY IN THE LATE 1990’S.

2. FUTURE CONVECTIVE ENVIRONMENTS OVER THE EASTERN U.S. MAY BE SUPPORTIVE OF LESS FREQUENT 
AND SHORTER LIVED, BUT MORE INTENSE STORMS.

3. LARGE-SCALE INTERNAL CLIMATE VARIABILITY COULD SIGNIFICANTLY ENHANCE OR SUPPRESS FUTURE 
ANTHROPOGENICALLY-DRIVEN CHANGES IN CLIMATE. 



THANK YOU!
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