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Arctic Amplification

Cohen et al. 2014
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How Accelerated Arctic Warming Impact the 
Polar Vortex

Polar vortex (stratosphere)
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Climate change contributed to Texas February 
2021 Freeze through a classical SSW



Climate change contributed to Texas February 
2021 Freeze through a classical SSW
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Polar vortex disruptions Jan-Feb 2021



Temperatures 2021 and 2022



ARCTIC AMPLIFICATION AND 
ITS IMPACTS ON TRENDS



Snow and Sea Ice Trends during Era of 
Arctic Amplification



Seasonal Trends
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STRETCHED POLAR VORTEX



Cluster Analysis of Polar Vortex and Trends 
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Kretschmer et al (2018)

Weak Polar Vortex StatesStrong Polar Vortex States

only a 99% of 
handful publications
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Trends of five clusters over reanalysis

Cluster 4 shows strongest increasing trend
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Increasing trends have shifted
Previously SSWs showed the 
fastest increasing trend but 
now it is SPV stretching 
events.



Precursors

Dipole in vertical wave energy

Ridging in B-K Seas & Alaska with
Troughing in East Asia & East N America

Warming B-K Seas & Alaska with
Coolingin East Asia & East N America



Snow resembles
SPV stretching 
And NPO-

Sea Ice resembles
SSW and NAO-

Trends in 
circulation 
anomalies are 
consitent with 
precursors to a 
disrupted PV
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Observational and modeling support





Summary
• The globe is warming and our climate system is much 

warmer than even a few decades ago.
• Global warming is not equal everywhere.  Over the past 

three decades the Arctic has been warming the fastest while 
the mid-latitudes have cooled/no trend (in winter).

• Studies strongly suggest that the warming in the Arctic is 
related to the cooling in the mid-latitudes and the dynamical 
link is through the “polar vortex.” 

• A rather esoteric behavior of the polar vortex is related to 
extreme winter weather east of the Rockies including Texas 
where the polar vortex becomes elongated or stretched.

• Winter days where the polar vortex “stretches” have been 
increasing during the period of accelerated Arctic warming, 
which can contribute to more severe winter weather.



Thank you!

Cohen, J., L. Agel, M. Barlow, C. I. Garfinkel, I. White. 2021: Linking 
Arctic variability and change with extreme winter weather in the US, 
Science, 373 (6559), 1116–1121, DOI: 10.1126/science.abi9167. 



22

Davis et al. 2022
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Surface temperature anomalies winter 2022



Location, location, location!
Differential heating creates a wave



Location, location, location - Atmospheric 
stationary waves (orographically & thermally forced)

from Encyclopedia of Atmospheric Sciences – Nigam and DeWeaver 2003 

Ridge

Standing or planetary waves zonal anomalies

Trough Ice forced warmingSnow forced cooling
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Extreme Weather

-- Extreme weather is the considered by economists to be the biggest global risk
-- The extreme weather climate scientists are most confident will change due to 

climate change is a decrease in extreme cold
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Record snow cover extent in 2021


