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Extreme Weather 
a)	
  Trend	
  in	
  total	
  wet-­‐day	
  precipita>on	
  [mm/year]	
   b)	
  Very	
  wet	
  day	
  precipita>on	
  

c)	
  Trend	
  in	
  very	
  wet	
  day	
  precipita>on	
  [mm/year]	
  

e)	
  Trend	
  in	
  warm	
  days	
  [%	
  of	
  days/year]	
   f)	
  Number	
  of	
  icing	
  days	
  

g)	
  Warm	
  summer	
  months	
  (%	
  of	
  land)	
   h)	
  Cold	
  winter	
  months	
  (%	
  of	
  land)	
  

d)	
  Coldest	
  daily	
  minimum	
  temperature	
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Extreme Snowfall 



Arctic Oscillation (AO)/Polar Vortex 
•  Also known as the North Atlantic Oscillation. 

•  Can be thought of as a metric of how 
much mixing of atmospheric 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 
to rush the Pole and Arctic south spills equatorward 

 
  



Melting sea and ice and increasing snow cover are contributing to a 
weakening of the polar vortex (and more extreme weather). 

ü Warming Arctic 

ü Less sea ice 

ü More atmospheric moisture 

ü Increasing snow cover 

ü Decreasing Arctic Oscillation 
trend/weakening of the polar vortex 

Cohen	
  et	
  al.	
  2012b	
  



Winter Temperature Trends 
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Correlations with surface temperature 



Snow and Sea Ice as Predictors of the AO 
Temperature Pattern 
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Warm Arctic-Cold Continents 
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Trend in Polar Cap Height 1988/89-2013/14 

Increase	
  in	
  stratosphere-­‐troposphere	
  coupling	
  mid-­‐late	
  winter	
  that	
  favors	
  a	
  warmer	
  
polar	
  stratosphere	
  and	
  higher	
  heights	
  in	
  the	
  Arc>c	
  troposphere	
  (nega>ve	
  AO).	
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Synthesis of Sea Ice and Snow Cover  

Cohen	
  et	
  al.	
  2014	
  



Stratospheric polar vortex strong (cold)/
weak (warm) 



Northern Hemisphere Land Temperatures 1987-2014 

Cohen	
  et	
  al.	
  2012a	
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Arctic Amplification - Jet Stream 

Francis	
  2013	
  

Slower	
  jet	
  stream	
  results	
  in	
  more	
  
amplified	
  and	
  slower	
  moving	
  
waves.	
  	
  Probably	
  not	
  true	
  for	
  
most	
  cases	
  but	
  may	
  be	
  true	
  for	
  
summer	
  during	
  heat	
  waves.	
  



Zonal Wind Trend Dec-Feb 1988/89-2013/14
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Jet Stream is determined by largest temperature 
gradient – thermal wind relationship 

Solid	
  contours	
  are	
  wind	
  and	
  dashed	
  contours	
  are	
  temperature	
  



Jet Stream is determined by largest temperature 
gradient – thermal wind relationship 

Zonal Wind Trend Dec-Feb 1988/89-2013/14
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Surface temperature anomalies are inversely 
proportional to the speed of the wind. 

This	
  rela>onship	
  is	
  especially	
  strong	
  for	
  Europe	
  where	
  the	
  penetra>on	
  of	
  mari>me	
  
air	
  is	
  needed	
  to	
  keep	
  temperatures	
  moderate.	
  	
  Weakening	
  of	
  the	
  westerly	
  winds	
  
will	
  result	
  in	
  warmer	
  temperatures.	
  

Coumou	
  et	
  al.	
  2015	
  



Slower moving more persistent waves has 
resulted in greater frequency of heat waves in the 
era of Arctic Amplification (2000 to present) 

Coumou	
  et	
  al.	
  2015	
  



Opera>onal	
  
ECMWF 
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Seasonal forecasting has been challenging, 
especially for Europe 
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AER’s model is the best performing 

Cohen	
  and	
  Fletcher	
  (2007)	
  



Arctic Oscillation Blog 

28 hYp://www.aer.com/science-­‐research/climate-­‐weather/arc>c-­‐oscilla>on	
  



Summary 



Summary 
•  Over the loner record (pre-satellite) winter shows expected 

warming at all latitudes. 
•  However since Arctic amplification has emerged (c. 1990), not 

only has heat and precipitation extremes increased but 
winters have also become more severe across the mid-
latitudes. 

•  Increasing snow cover and melting sea ice have both 
contributed to Arctic warming and a weakening of the polar 
vortex, which preconditions the atmosphere for extreme 
events  

•  In summer, Arctic amplification has resulted in a weakened 
pole to equator temperature gradient and Jet Stream, which 
under certain circumstances predisposes the atmosphere to 
heat, flooding and drought events.   



Thank you! 
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