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Outline	
  

•  Madden-­‐Julian	
  OscillaOon	
  in	
  Climate	
  Models	
  
and	
  the	
  NCAR	
  CESM	
  

•  Blocking	
  in	
  Climate	
  Models	
  and	
  the	
  NCAR	
  
CESM	
  

•  VerOcal	
  resoluOon	
  and	
  variability	
  (the	
  
Stratosphere’s	
  impact)	
  



MJO	
  



Madden	
  Julian	
  OscillaOon	
  (MJO)	
  Hindcasts	
  

Persistence	
  

CAM5	
  

•  IniOal	
  forecast	
  mode	
  (CAPT)	
  
	
  
•  During	
  MJO-­‐DYNAMO	
  

Campaign	
  

•  Combined	
  bivariate	
  mode	
  of	
  
MJO	
  variability	
  (RMM)	
  

•  CAM5	
  only	
  model	
  to	
  retain	
  skill	
  
out	
  to	
  20	
  days.	
  

•  Top	
  performer	
  among	
  
parOcipaOng	
  CMIP5	
  models.	
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PrecipitaOon	
  PaWern	
  CorrelaOon	
  

Klingaman	
  et	
  al.	
  2014	
  



Harmonic	
  Dials	
  in	
  EOF	
  space	
  

Klingaman	
  et	
  al	
  2014	
  



Hovemoller	
  and	
  Wheeler-­‐Kiladis	
  
Diagram	
  



Model	
  Physics	
  
	
  
CAM3	
  poor	
  MJO	
  
	
  
CAM4	
  beWer	
  MJO	
  
(convecOon	
  changes)	
  
	
  
CAM5	
  degrades	
  MJO	
  
(non-­‐convecOve	
  cloud	
  
changes)	
  
	
  
+	
  CompeOng	
  prioriOes	
  



Resolu1on	
  
‘OpOmal’	
  resoluOon	
  	
  
of	
  2-­‐2.5	
  deg	
  
	
  
High-­‐res:	
  no	
  natural	
  
improvement	
  
	
  



TRADITIONAL	
  VIEW	
  IN	
  CAM	
  
Regime-­‐Dependent	
  Parameteriza1on	
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AN	
  ALTERNATIVE	
  VIEW	
  
Process-­‐Dependent	
  Parameteriza1on	
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Ver1cal	
  Transport	
  
by	
  Sub-­‐Grid	
  Local	
  	
  
Symmetric	
  Eddies	
  

Ver1cal	
  Transport	
  
by	
  Sub-­‐Grid	
  Non-­‐Local	
  	
  
Asymmetric	
  Eddies	
  

CAM5	
  
Moist	
  Turbulence	
  Scheme	
   UNICON	
  

PBL	
  Top	
  

(a)	
   (b)	
  

Sub-­‐Grid	
  
Mesoscale	
  Flow	
  



CAM5	
   OBS	
   UNICON	
  



NOAA	
   UNICON	
  

CLUBB-­‐COUPLED	
   CLUBB+Tau	
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CONVECTIVE	
  PARAMETERIZATION	
  DEVELOPMENT	
  
•  SOll	
  significant	
  opportuniOes	
  to	
  improve	
  on	
  exisOng	
  parameterizaOon	
  that	
  

could	
  be	
  applied	
  to	
  newer	
  developments.	
  	
  

WET	
  
ORG	
  

Dynamic	
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Gets	
  past	
  MariOme	
  ConOnent	
  Barrier	
  



For	
  S2S	
  choose	
  TELECONNECTIONS	
  

•  Reporter:	
  Why	
  do	
  you	
  rob	
  BANKS?	
  
•  SuWon:	
  That’s	
  where	
  the	
  MONEY	
  is!	
  	
  

•  Reporter:	
  Why	
  worry	
  about	
  
	
  	
  	
  	
  	
  	
  	
  TELECONNECTIONS?	
  
•  SuWon:	
  That’s	
  where	
  the	
  PEOPLE	
  	
  are!	
  	
  

California	
  Drought	
  



CorrelaOons	
  with	
  west	
  Pacific	
  
precipitaOon	
  

Subseasonal	
  Teleconnec1on	
   Seasonal	
  Teleconnec1on	
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BLOCKING	
  



	
  Antsey	
  et	
  al	
  2013	
  



500-­‐mb	
  geopotenOal	
  height	
  (daily	
  means)	
  

GHGS(λ0,φ0 ) =
Z500(λ0,φ0 )− Z500(λ0,φS )

φ0 −φS

GHGN(λ0,φ0 ) =
Z500(λ0,φN )− Z500(λ0,φ0 )

φN −φ0
GHGN(λ0 ) =

Z500(φN )− Z500(φ0 )
φN −φ0

GHGS(λ0 ) =
Z500(φ0 )− Z500(φS )

φ0 −φS

2-­‐dimensional	
  
(Davini	
  et	
  al.,	
  2012)	
  

1-­‐dimensional	
  
(D’Andrea	
  et	
  al.,	
  1998)	
  	
  

GHGS(λ0,φ0 )> 0
GHGN(λ0,φ0 )< −10m(

o lat)−1
Lat/lon	
  Blocked	
  if	
  

φ0 = 50N...φS = 41N...φN = 78N

φ0,φS,φN ...var y

GHGS(λ0 )−GHGN(λ0 )
Lon	
  Blocked	
  strength	
  



No	
  single	
  model	
  
has	
  sufficient	
  
frequency	
  





MAM	
  



Blocking	
  frequency	
  
•  1979-­‐2005	
  -­‐	
  Daily	
  instantaneous	
  

blocking	
  frequency	
  
•  Models	
  +/-­‐	
  	
  2	
  std:	
  All	
  ens.	
  Members.	
  
•  2	
  maxima:	
  Western	
  Europe	
  and	
  North	
  

Pacific	
  
•  Max	
  blocking	
  ~20%	
  
•  Minimum	
  over	
  Central	
  US/Canada	
  and	
  

Central	
  Russia	
  
•  Model	
  captures	
  Pacific	
  blocking	
  
•  Poor	
  representa1on	
  of	
  Western	
  

Europe;	
  Atlan1c	
  blocking	
  
•  Some	
  improvements	
  in	
  CESM1	
  (CAM5)	
  







MERRA	
  

CAM4	
  Resolu1on	
  
Differences	
  

	
  

AMIP:	
  1979-­‐1999	
  

DJF	
  

0.25°fv	
   1°fv	
   2°fv	
  

2.5°fv	
   4°spectral	
  



Effect	
  of	
  VerOcal	
  ResoluOon	
  

30L	
  

60L+GW	
  

60L	
  



INFLUENCE	
  OF	
  THE	
  STRATOSPHERE	
  



Resolved	
  verOcal	
  wavelength:	
  
QBO	
  



Higher	
  verOcal	
  resoluOon-­‐>	
  
BeWer	
  horizontal	
  anomaly	
  structure	
  



Conclusions	
  
Climate	
  maWers	
  	
  in	
  S2S	
  	
  	
  	
  	
  	
  
1.  Climate	
  mean	
  maWers	
  because	
  teleconnecOons	
  

depend	
  on	
  mean	
  state	
  
2.  S2S	
  Variability	
  determines	
  teleconnecOon	
  

forcing	
  
ResoluOon	
  	
  
1.  Not	
  the	
  (only)	
  soluOon	
  but	
  can	
  be	
  a	
  large	
  part	
  of	
  

the	
  problem	
  in	
  climate	
  
2.  SensiOvity	
  to	
  physics	
  and	
  resoluOon	
  
S2S	
  is	
  a	
  tesOng	
  ground	
  for	
  SEAMLESS	
  predicOon	
  


