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CMIP5;	  3	  ensembles	  Z500	  [year	  1850-‐2005].	  906	  months,	  DJFM	  



NCEP	  reanalysis	  [year	  1954/5-‐1997/8],	  176	  months,	  DJFM	  

Rota8on:	   	  REOF1	  =	  EOF1+EOF3	  	  <REOF1,	  EOF1_NCEP>	  =	  max	  
	   	  REOF2	  =	  EOF2+EOF4	  	  <REOF2,	  EOF2_NCEP>	  =	  max	  



Rotated	  phase	  space	  CMIP5	  ensembles	  [1852-‐2003]	  
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Cluster	  analysis:	  Kernel	  Density	  Es5ma5on	  Method	  

Year	  1852-‐2003,	  1812	  months	  



Cluster	  2	  

Cluster	  1	  

Cluster	  analysis:	  Differences	  between	  first	  and	  last	  30	  years?	  

1852-‐1882:	   1973-‐2003:	  
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CTRL,	  BC	  dep.	  and	  no	  BC	  runs	  [year	  118-‐205].	  783	  months,	  DJFM	  

EOF1:	   EOF2:	   EOF3:	   EOF4:	  

Rotated	  phase	  space:	  



Cluster	  analysis:	  difference	  between	  the	  3	  simula5ons?	  

1

3

1	  

5	  

2	  

4	  

3	  

CTRL	  

noBCdep	  

noBC	  



Does it matter where the forcing comes from?  
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10xBC	  Arc8c:	  
’donut	  hole	  forcing’	  

10xBC	  Mid	  lat:	  
’donut	  forcing’	  

Local	  mean:	  	  	  	  6.16	  W	  m-‐2	  
Global	  mean:	  	  0.41	  W	  m-‐2	  

Local	  mean:	  	  	  	  6.30	  W	  m-‐2	  
Global	  mean:	  	  1.26	  W	  m-‐2	  

Applying	  forcing	  from	  Black	  Carbon	  in	  two	  different	  
la5tude	  bands	  

Experimental	  	  setup:	  

Black	  carbon	  concentra5ons	  
are	  mul8plied	  by	  10	  in	  2	  
different	  la5tude	  bands;	  	  
  the	  Arc8c	  (60N-‐90N)	  	  

•  the	  mid-‐la8tudes	  
(28N-‐60N)	  .	  

Fully	  coupled	  model	  
(NorESM)	  is	  run	  for	  60	  years	  
to	  calculate	  the	  climate	  
response.	  hP

a	  



Temperature	  response	  in	  the	  Arc5c	  
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hP
a	  

hP
a	  

hP
a	  

hP
a	  

Zonal	  
annual	  
average:	  

Arc5c	  
seasonal	  
average:	  

-‐1.5	   3.5	  3.5	   -‐1.5	  


