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Summary 

1. Review previous work with storm reports, reanalysis, etc.
• More U.S. tornado activity during La Niña
• Details are uncertain because:

• ENSO signal is modest, tornadoes are sporadic
• Sample size is small

2. We looked at a CFSv2-simulated tornado environment index (TEI)
• TEI and its spread are larger during La Niña than El Niño 

• Implications for predictability depend on the predictability measure
• ENSO and AO signals can be constructive or destructive
• Sample size is large and details are robust

3. Monthly AO phase might have played a role in 2021’s relatively calm, 
despite La Nina, tornado season  

BONUS
3 “mistakes”



Background
• More tornado activity during La Niña than El Niño
• Except Florida
• Reports, reanalysis, and models
• Some indication of more uncertainty during La Niña

• Molina et al., 2018, Moore, 2019.

• Less is known about the positive tornado / AO relation
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Issues/gaps/motivation

• A detailed estimate of the ENSO signal is difficult
• Tornadoes are sporadic in time and space

• Pool months together
• Multi-state regions

• Reliable tornado record is relatively short (since Doppler rollout)
• Relatively few ENSO events

• Each one contains signal & noise
• Reanalysis is spatially smoother, but still just one sample per ENSO event 

• Also hard to accurately to estimate what ENSO doesn’t explain (noise)
• Signal/Noise 

• AO is probably more difficult because less persistent
• Some years (2021) don’t turn out as expected. 



2021
La Nina conditions

• Above average tornado expected 

Jan tornado: below average
• AO -2.484

Feb tornado: below average
• AO -1.191

Mar tornado: above average
• AO 2.109

Apr tornado below average
• AO -0.204

May tornado average
• AO -0.161

https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php

https://www.spc.noaa.gov/climo/online/monthly/newm.html
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What we did

• Waited for decades more of data? No.
• “What would CFSv2 do?” method   à
• CFSv2 does ENSO but not tornadoes
• Use the tornado environment index (TEI)

• Function of monthly storm-relative helicity & 
convective precipitation 

• Previously documented relation with tornado 
reports 

• Compute TEI, Niño 3.4, and AO in CFSv2 
hindcast/forecast data
• ~8500 years of data for each month
• Robust statistics



What we found (in that box)
• Strongest ENSO/TEI 

signal in Feb & Mar
• TEI signal is linear in Niño 

3.4 – Same size signal for 
El Niño and La Niña
• Noise (spread) is greater 

for La Niña than El Niño
• Similar to observations

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021GL094907

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021GL094907


What are the implications for 
predictability/perfect model skill?

RPSS & LSS depend on probability 
shifts of below and above categoriesMSESS depends on Signal/Noise 



Probability shifts are indeed similar



Competing ENSO/AO signals
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