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ArcFc  stratospheric  temperature  rapidly  increases  by  extratropical  wave  

driving,  oKen  resulFng  in  zonal-­‐wind  reversal  from  westerly  to  easterly.  
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Stratospheric  vortex  is  split  into  two  daughter  vorFces  and  the  
associated  NAM-­‐index  anomalies  propagate  downward  in  Fme.




Impact  of  SSW  on  east  Asian  surface  climate


Inter-­‐annual  variability  of  SSW


SSW  predicFon  skill  in  an  operaFonal  seasonal

predicFon  model  (KMA  -­‐  GloSea5)
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•  DefiniFons:  90th  percenFle  of  polar-­‐cap  GPH  (PCI),  60°N  [u]  
reversal  during  mid-­‐winter,  etc.  Typically  evaluated  at  10  hPa.  


•  37  SSW  events  over  1958-­‐2012  from  JRA-­‐55  data  (90th  percenFle  
definiFon)
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Polar-­‐cap  GPH  anomalies  ≈  −NAM  index 
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22  SSW  events  (60%)  show  more  posiFve  surface  PCI  (more  negaFve  
surface  NAM  index)  aKer  the  SSW;  changes  are  larger  than  0.5  
standard  deviaFon!
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Very  strong  
SSW  (8)


30-­‐day  average  

aKer  SSW Strong              

SSW  (23)


Cold  East  Asia  aKer  SSW  events;  surface  response  is  stronger  
for  stronger  SSW  events.
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Easterly	
  QBO	
  winters	
  

Westerly	
  QBO	
  winters	
  

La	
  Nina	
  

El	
  Nino	
  

•  More  SSW  events  during  
ENSO  years





•  At  least  one  SSW  event  
during  EQBO  and  La  Nina  
winters  (5  yrs)


•  WQBO  and  El  Nino  years  
(2015  winter)  tends  to  
have  more  chances  of  SSW  
occurrence
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Displacement	
  SSW	
  (2004) Split	
  SSW	
  (2003) 



Charlton	
  and	
  Polvani	
  (2007) 

10hPa	
  GPH’ 

Displacement  SSW  events  may  have  different  surface  
influence  to  Split  SSW  events  (Mitchell  et  al.,  2013).
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Displacement	
  SSW	
  (2004) GPH100-­‐10days 
JRA-­‐55 Lag	
  -­‐27	
  (2003.12.9)	
  #3 Lag	
  -­‐19	
  (2003.12.17)	
  #3 

Lag	
  -­‐11	
  (2003.12.25)	
  #3 Lag	
  -­‐4	
  (2004.1.1)	
  #3 

JRA-­‐55 Lag	
  -­‐24	
  (2002.12.25)	
  #1 Lag	
  -­‐17	
  (2003.1.1)	
  #1 

Lag	
  -­‐9	
  (2003.1.9)	
  #2 Lag	
  -­‐1	
  (2003.1.17)	
  #3 

Split	
  SSW	
  (2003) 
05JAN2004 18JAN2003 

GloSea5  qualitaFvely  predicts  2003  and  2004  SSW  events  
with  a  maximum  lead  Fme  of  11~17  days.
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SSW-­‐related  downward  propagaFon  is  also  reasonably  well  
predicted.
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Displacement	
  SSW	
  (2004) Split	
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Time	
  (lag) 

Zonal-­‐mean	
  error 

Phase	
  error 
Amplitude	
  error 

-­‐27 -­‐11 -­‐4 -­‐19 -­‐24 -­‐9 -­‐1 -­‐17 

MSSS	
  =	
  [MSSS]	
  +	
  MSSSamp	
  +	
  MSSSphs	
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Case Displacement	
  SSW Split	
  SSW 
Urev 

1998-­‐12-­‐15 

15 

1999-­‐02-­‐26 

17 

MSSS	
  +	
  ACC 15 17 

RaAo	
  of	
  eddy	
  (amp) 0.17	
  (0.02) 0.18 (0.02) 

2001-­‐12-­‐31 

14 

2001-­‐02-­‐11 

17 

14 17 

	
   0.48 (0.02) 0.32 (0.22) 

2004-­‐01-­‐05 

11 

2003-­‐01-­‐18 

1* 

11 17 

	
   0.27 (0.16) 0.8 (0.16) 

2007-­‐02-­‐24 

0* 

2006-­‐01-­‐21 

20 

7 4 

	
   0.32 (0.09) 0.73 (0.11) 

2008-­‐02-­‐22 

13 

2009-­‐01-­‐24 

7 

5 7 

	
   0.29 (0.04) 0.16 (0.09) 

Mean 	
   

13.25	
  days 
	
   
  

15.25	
  days 
10.4	
  days 12.4	
  days 
0.31	
  (0.07) 0.43	
  (0.12) 

Predictability 11.25 days 11.25 days 

SSW  can  be  predicted  about  11-­‐12  days  in  advance  for  both  
displacement  and  split  SSW  events.




About  60%  of  SSW  
events  cause  a  significant  
cooling  and  more  
frequent  cold  days  in  
East  Asia.




About  60%  of  SSW  
events  cause  a  significant  
cooling  and  more  
frequent  cold  days  in  
East  Asia.


StaFsFcally  speaking,  there  is  
60-­‐70%  chances  of  SSW  in  2015  
winter  (WQBO  and  El  Nino)




JRA-­‐55 Lag	
  -­‐27	
  (2003.12.9)	
  #3 Lag	
  -­‐19	
  (2003.12.17)	
  #3 

Lag	
  -­‐11	
  (2003.12.25)	
  #3 Lag	
  -­‐4	
  (2004.1.1)	
  #3 

GloSea5  (operaFonal  seasonal  
predicFon  model  of  KMA)  
successfully  predict  SSW  and  
the  associated  downward  
coupling  with  a  maximum  lead  
Fme  of  11-­‐12  days.  




50-­‐70	
  PVU	
  (ERAI	
  15	
  Feb.	
  –	
  7	
  Mar.	
  1979) 

Thanks!	
  



Tripathi	
  et	
  al.	
  2014QJ 
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All  SNAP  models  predict  SSW  about  10  days  in  advance.


	
  	
  	
  	
  	
  -­‐15	
  days 	
   	
   	
  -­‐10	
  days	
   	
  	
  
G

R
IM

s 
   

 E
C

M
W

F 
   

   
U

M
   

   
N

O
G

A
PS

   
   

M
R

I  
   

C
AW

C
R

 
SSW	
   SSW	
  


