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IPCC	  	  AR4:	  Changes	  in	  precipita.on	  	  es'mated	  	  from	  climate	  models	  for	  	  
World’s	  most	  populated	  regions	  	  have	  	  low	  confidence	  (<	  66%	  of	  models	  

agree	  on	  the	  sign	  of	  the	  change,	  white),	  especially	  in	  summer	  	  

	  Correlated	  with	  organized	  convec've	  ac'vity	  over	  con'nents	  	  	  



Orogenic MCS downstream of mountains 



Slantwise	  layer	  overturning:	  A	  highly	  efficient	  regime	  of	  
convec've	  	  organiza'on	  	  

UpdraB	  /	  downdraB	  	  buoyancy	  

Steering	  level	  	  	  latent	  hea'ng	  	  

evapora've	  
cooling	  	  

Dimensionless	  quan''es:	  	  

	  	  	  	  	  Governing	  equa'on:	  

environmental	  shear	  



3	  forms	  of	  energy	  -‐-‐	  	  convec've	  available	  poten'al	  energy	  
(CAPE);	  	  kine'c	  energy	  	  of	  shear	  flow,	  work	  done	  by	  the	  
pressure	  gradient	  -‐-‐	  	  define	  	  2	  key	  dimensionless	  	  quan''es:	  

E	   R	  
MCS-‐	  type	  	  
organiza'on	  



convec?ve	  towers	  

PROPAGATING	  MCS:	  	  3-‐D	  cloud	  structures	  	  (shallow	  vs.	  deep,	  convec've	  vs.	  
stra'form,	  warm	  vs.	  cold	  downdraBs,	  	  and	  	  associated	  	  mesoscale	  circula'on	  

paXerns	  (Houze	  1984)	  

EARLY	  	  VIEW	  OF	  
OCEANIC	  	  TROPICAL	  
CLOUD	  	  EXSEMBLE	  

Arakawa	  &	  
Schubert	  (1974)	  



Anatomy of MCS-type organization 

Parameterizations do not 
represent slantwise layer 
overturning  C	  

C 

CAPE = Convective Available Potential Energy 



Propaga'ng	  convec'on	  downstream	  of	  moutains	  



Microphysics  

Satellite & field  

observations  

 Spanning	  the	  scale-‐gap	  



Meridionally	  averaged	  rain-‐rate	  

3-km	  explicit	  	  	  
NEXRAD analysis 
Carbone et al.  (2002) 10-km Betts-Miller 10-km explicit	  	  



‘Grid-‐scale’	  circula'ons	  capture	  propaga'ng	  	  precipita'on	  	  

Parameterized Explicit Total 



Resolu'on	  dependence	  



Over	  to	  Mike	  Pritchard…	  


