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Global Warming & Extreme Weather: A general view

• Broadening of PDF

• Increase in variability

• Shift of mean

• Toward warmer climate

• Increase in humidity

• Increase in (heavy) rain



Partly explain…



• “Biggest cold surge in historical record”-MBC 

• “Extremely negative Arctic Oscillation played as 
  a culprit”-KBS

•   “Warm Arctic air pushed cold air southward” 
   -Joongang News

December, 2009



February, 2012



January, 2014











WHY INCREASING COLD WAVES
IN A WARMING WORLD?



  
• A growing number of studies have found pronounced changes in  

atmospheric circulation due to Arctic sea-ice loss, including changes in  
the tropospheric jet stream that may lead to cold extremes over  
Eurasia and North America. 
 
  -See Vihma (Survey of Geophysics, 2014) for comprehensive reviews…  
 
 

• “It’s an interesting idea, but alternative observational analyses and 
simulations with climate models have not confirmed the hypothesis,  
and we do not view the theoretical arguments underlying it as 
compelling” 
 
-Global Warming & Winter Weather by Wallace, Held, Thompson, Trenberth, and Walsh (Science, 2014)



WHY INCREASING COLD WAVES
IN A WARMING WORLD?

But, note that:
Global warming-extreme link just relies on the thermodynamic 

arguments
Extremes heavily rely on the regional circulation patterns and, 
therefore, atmospheric dynamics that generate the circulation!



WHY INCREASING COLD WAVES
IN A WARMING WORLD?

But, note that:
Global warming-extreme link just relies on the thermodynamic 

arguments
Extremes heavily rely on the regional circulation patterns and, 
therefore, atmospheric dynamics that generate the circulation!

Then what is the source of the regional circulation pattern?



Topic 1: Basic understanding of East Asian cold waves 
in a dynamic perspective



Observed Northern hemisphere winter (December-February) months surface  
temperature deviation (K) from zonal mean (-8K conotour shown in grey, pointing  
to the similarity between the width of the cold regions in America and Asia)  

From Figure 1 of Kaspi and Schneider (2011). 



Type I: Wave-driven Cold Surge (East-Asia, North-America)







Type II:Convectively-driven Cold Surge (South East-Asia)





Key players are: 
1) ENSO 
2) MJO 



97/98 El Nino 98/99 La Nina



MJO-JET RELATION





MJO-JET RELATION



MJO-JET RELATION





Topic II: Arctic factors for Eurasian cold waves 
in a dynamic perspective



Polar&Vortex



Polar&Vortex

Cold (surface) Arctic & Dense air  
-> upper-level strong cyclone  

Existence of polar front & jet 
<- a consequence from  
thermal wind balance

Rossby waves are generated  
due to the baroclinic instability 
<- Natural variability

 



God-Fathers&of&Dynamic&meteorology



POLAR VORTEX



Arctic&Oscillation



Arctic&Oscillation&(Pattern)
POLAR VORTEX



Typical Negative AO Pattern
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Arctic&Oscillation&(Pattern)



GLOBAL MEAN VS. ARCTIC TEMP.

SWIPA Ann. Report (2009)



ARCTIC TEMPERATURE RECONSTRUCTED  
FROM 2000 YRS AGO…

Kauffmann et al. 2009, Science



FUTURE WARMING EXPECTED FROM MODELS

Surface temperature difference between future (2080-2100)-  
present (1980-2000) simulated by NCAR CCSM3 

Meehl (2006) 





LESS SIC IN EARLY WINTER

Screen & Simmonds (GRL, 2010)

Linear Trend (89-09) of a) src T., b) SIC, c) Turbulent hflx for ONDJ

 “The sea ice anomalies in the Barents–Kara Seas play a key role in  
  establishing new atmosphere–sea ice coupled relationships in the warming Arctic”
  -Yang & Yuan (JC, 2014)



Kim et al. (Nature Communications, 2014)

SIC VARIABILITY OVER B/K SEAS
IN EARLY WINTER



• Warm Arctic Cold Continents (Overland and Wang 2010)

• Warm Arctic Cold Eurasia (Mori et al. 2014) 

TROPOSPHERIC RESPONSE  
(EARLY WINTER COMPOSITE)

Kim et al. (Nature Communications, 2014)



NAM (AO) dominates







Cold Extreme by Warming Arctic

Kim et al. 2014, Nature Comms.





Time4scale&of&Arctic&Oscillation



From&CPC&(http://www.cpc.ncep.noaa.gov)

(Sub4)weekly&&&sub4seasonal&time4scale



Inter4annual&time4scale



Can&we&predict&Arctic&Oscillation&in&advance?

From&CPC&(http://www.cpc.ncep.noaa.gov)

?



From&CPC&(http://www.cpc.ncep.noaa.gov)

Can&we&predict&Arctic&Oscillation&in&advance?



From&CPC&(http://www.cpc.ncep.noaa.gov)

Not&yet…



From&CPC&(http://www.cpc.ncep.noaa.gov)

A&hint&from&vertical&structure&of&Arctic&Oscillation&







From&CPC&(http://www.cpc.ncep.noaa.gov)

Polar&Cap&Index&=&(41)*AO&index







Kim et al. 2014, Nature Comms.

Cold Extremes in a Warming World, Why?

Weakening of Stratospheric Polar Vortex by Arctic Sea-Ice Loss

Reanlysis Model



Cold Extremes in a Warming World, Why?

Kim et al. (2009)



Cold Extremes in a Warming World, Why?



Atmospheric Dynamics partly answers.
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