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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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A Warmer Arctic is Related to Increased 
Severe Winter Weather in Central US

Cohen et al. 2018
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Arctic Oscillation (AO)/Polar Vortex
• Dominant mode of Northern Hemisphere 

climate variability.  Also known as the North 
Atlantic Oscillation.

• Can be thought of as a metric of how 
much mixing of air masses is occurring in 
the atmosphere.

• Positive AO/strong polar vortex – little mixing with strong low 
pressure/cold air sitting over the pole and higher pressure/warmer 
air to the south.

• Negative AO/weak polar vortex – strong mixing causes warm air 
from the south to rush the Pole and Arctic air spills equatorward



ARCTIC AMPLIFICATION



Arctic Amplification

Cohen et al. 2014 Review paper



A Warmer Arctic is Related to Increased 
Severe Winter Weather in Boston

Cohen et al. 2018
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A Warmer Arctic is Related to Increased 
Severe Winter Weather in Dallas

Cohen et al. 2018



Snow and Sea Ice Trends during Era of 
Arctic Amplification



Location, location, location!
Differential heating creates a wave



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 i.e., stretched polar vortex shows strongest increasing trend

Cohen et al (2021)



Precursors

Ridging across the Arctic
Troughing across East Asia

High pressure across the
Arctic

Warm across the Arctic
Cold across Asia then 
North America





Stretched polar vortices 2021 and 2022



Weather Warnings 2021 and 2022



Temperatures 2021 and 2022
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Record snow cover extent in 2021



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 suggests 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.
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Arctic Oscillation/Polar Vortex Blog
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“Eurasia sneezes, North America catches a cold”





Conclusions
• Subseasonal timeframe (2-6 weeks) has exhibited the poorest 

forecast skill from days to months.
• Land surface influence may just be the sweet spot to provide a signal 

in the subseasonal timeframe and if the response is long-lived then 
also in the seasonal timeframe.

• Demonstrated snow cover extent pathway through troposphere-
stratosphere coupling make it ideal for subseasonal prediction.  

• But challenges remain on the observations snow-AO relationship has 
decreased over the past decade.

• Still our recent study both observational and modeling (snow forced) 
confirm snow-polar vortex relationship but not in the traditional SSW-
AO pathway but rather a stretched polar vortex-North Pacific 
Oscillation pathway.

• Models have a difficult time simulating a snow-AO/polar vortex 
relationship especially free running simulations. 



Outline
• A statistically significant correlation exists between fall Eurasian 

snow cover extent (SCE) and the dominant mode of Northern 
Hemisphere (NH) winter climate variability (AO/NAM).

• How SCE influences winter climate can be explained by a six-
step process.  

• There are challenges though, including most model ensembles 
and a failing observed AO-SCE relationship.

• However recent studies confirm a snow-troposphere-stratosphere 
connection but may be independent of the AO.

• That SCE anomalies is a precursor to polar vortex behavior and 
eventual severe winter weather makes it useful for seasonal to 
subseasonal prediction.



Precursors
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Observational and modeling support



Winter Temperature Forecast



How Accelerated Arctic Warming Impact the 
Polar Vortex

Polar vortex (stratosphere)



“It is hard to make predictions, especially 
about the future.” (Yogi Berra, Niels Bohr)

IRI


	Slide Number 1
	Extreme Weather
	Slide Number 3
	A Warmer Arctic is Related to Increased Severe Winter Weather in Central US
	Arctic Oscillation (AO)/Polar Vortex
	Arctic amplification
	Arctic Amplification
	A Warmer Arctic is Related to Increased Severe Winter Weather in Boston
	A Warmer Arctic is Related to Increased Severe Winter Weather in Dallas
	Snow and Sea Ice Trends during Era of Arctic Amplification
	Slide Number 11
	Stretched polar vortex
	Cluster Analysis of Polar Vortex and Trends 
	Trends of five clusters over reanalysis
	Precursors
	Slide Number 16
	Stretched polar vortices 2021 and 2022
	Weather Warnings 2021 and 2022
	Temperatures 2021 and 2022
	Record snow cover extent in 2021
	Summary
	Science Paper
	Arctic Oscillation/Polar Vortex Blog
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Conclusions
	Outline
	Precursors
	Observational and modeling support
	Winter Temperature Forecast
	How Accelerated Arctic Warming Impact the Polar Vortex
	“It is hard to make predictions, especially about the future.” (Yogi Berra, Niels Bohr)

