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Sudden stratospheric warmings (SSWs)
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e Sudden deceleration of the polar vortex and warming of the polar cap,
predictable 1-2 weeks in advance

e SSW occurred on January 5th, 2021

Figures from NOAA CPC and Wright et al. 2021.
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Surface variability after SSW’s
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Cold air outbreaks during disturbed vortexes

Study: Warmer Arctic led to killer cold in Texas, much of US

By SETH BORENSTEIN  September 2, 2021
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CESM2 Earth System Prediction Framework
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Direct attribution through initial condition “scrambling”

Initialize on Jan. 4th, one day before the SSW

Standard forecast
troposphere, stratosphere,
ocean/ice/land initialized

Predictability, characterization of

variability; weak/no hypothesis testing

Scrambled troposphere
stratosphere, ocean/ice/land
initialized, troposphere drifts
Role of stratosphere Taper initialization over 15-20 km
and troposphere

Direct impact of sudden

stratospheric warming

Scrambled stratosphere Impact of tropospheric

troposphere, ocean/ice/land circulation in isolation from

initialized, stratosphere drifts sudden stratospheric warming
Taper initialization over 9-12 km

Attribution zone

Role of surface
conditions Scrambled atmosphere
ocean/ice/land initialized,
atmosphere from random date
Init. cond. from January 2, 2017

Impact of ocean/ice/land
surface forcing
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Week 1-2 forecasts
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Week 3-4 forecasts
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Polar cap geopotential height

MERRA2

hPa

e C(lassic “downward-coupling” (a, b)

e Positive surface NAM after one week
could be due to surface forcing, not
SSW (compare c, €)

hPa

e Without tropospheric forcing, positive

- geopotential height anomalies do not
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(compare c, b)
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Cold air outbreak surface temperature forecasts

Average land surface
temperature anomalies over North
America from Feb. 12-18, 2021
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Wave reflection

100 hPa geopotential height
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Meridional mean dynamics
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Conclusions
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Extra: initial condition similarity for Feb. 1 forecasts
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