
Fi
le

 N
am

e 
 //

  F
ile

 D
at

e 
 //

  P
N

N
L-

S
A

-#
##

##
 

A	
  Sensi(vity	
  Analysis	
  of	
  Cloud	
  Proper(es	
  to	
  CLUBB	
  Parameters	
  in	
  SCAM5	
  and	
  CAM5	
  	
  
Z.	
  Guo1,2,	
  M.	
  Wang1	
  (Minghuai.Wang@pnnl.gov),	
  Y.	
  Qian1,	
  V.	
  Larson3,	
  S.	
  Ghan1,	
  M.	
  Ovchinnikov1,	
  P.	
  Bogenschutz4,	
  C.	
  Zhao1,	
  	
  G.	
  Lin1,	
  and	
  T.	
  Zhou2	
  	
  

1Pacific	
  Northwest	
  NaNonal	
  Laboratory,	
  Richland,	
  WA;	
  2InsNtute	
  of	
  Atmospheric	
  Physics,	
  Beijing,	
  China;	
  	
  
3University	
  of	
  Wisconsin-­‐Milwaukee,	
  Milwaukee,	
  WI;	
  4NaNonal	
  Center	
  for	
  Atmospheric	
  Research,	
  Boulder,	
  CO	
  

1.  MoNvaNons	
  and	
  approaches	
   

"  The Cloud Layers Unified By Binormals (CLUBB), an 
assumed, dynamical PDF method for coupling subgrid 
turbulence and cloud process, provides a unified 
treatment of stratocumulus and shallow cumulus 

"  CLUBB, like many other parameterizations, includes 
multiple tunable parameters. How sensitive CLUBB 
simulations to its tunable parameters has not been 
systematically examined  

"  Sensitivity Analysis (SA) offers a way to systematically 
and efficiently examine this  

"  Cases examined for Single-column CAM5 (CAM5): two 
for shallow cumulus (BOMEX and RICO); and one for 
stratocumous (DYCOMS-II RF01) 

3. Schematic of the Assumed PDF method (CLUBB)  
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2. Sensitivity Analysis (SA) approach  
"   16 CLUBB tunable parameter are chosen, based on a 

set of experiments with 35 tunable parameters  
"   The Quasi-Monte Carlo (QMC) sampling approach 

provides an efficient and reliable way for sampling high-
dimensional parameter space, and is selected in this 
study 

"   A generalized line model (GLM) is adopted to analyze 
the responses of simulated cloud properties to CLUBB 
tunable parameters  

"   A cost function based on the spatial standard deviation 
and spatial correlation is used as a metric to evaluate 
model results against observations or benchmark 
simulations  

4. Single-CAM5 at two vertical resolutions: 30 layers (L30) and 240 layers (L240)     

" 	
  Most	
  of	
  variance	
  in	
  cloud	
  fracNon	
  can	
  be	
  explained	
  by	
  
a	
  small	
  number	
  of	
  tunable	
  parameters	
  	
  

" 	
  For	
  shallow	
  cumulus,	
  they	
  are	
  related	
  to	
  skewness	
  of	
  
verNcal	
  velocity,	
  while	
  for	
  stratocumulus,	
  they	
  are	
  
related	
  to	
  water	
  and	
  heat	
  flux	
  equaNons	
  

6. Future work  

" Some	
  of	
  influenNal	
  parameters	
  idenNfied	
  in	
  SCAM5	
  contribute	
  liale	
  to	
  	
  
variance	
  in	
  low	
  cloud	
  fracNon	
  in	
  CAM5	
  simulaNons,	
  including	
  C6rt,	
  
C6rtb,	
  C11,	
  and	
  C11b	
  

" 	
  Understand	
  the	
  discrepancy	
  in	
  influenNal	
  parameters	
  between	
  
SCAM5	
  and	
  CAM5	
  	
  

" 	
  Examine	
  regional	
  sensiNve	
  of	
  simulated	
  cloud	
  fields	
  to	
  CLUBB	
  
tunable	
  parameters	
  	
  

D. Contributions from interaction terms    
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" 	
  ResoluNon	
  dependence	
  of	
  influenNal	
  parameters	
  in	
  
stratocumulus	
  is	
  partly	
  caused	
  by	
  the	
  strong	
  resoluNon	
  
dependence	
  of	
  eddy	
  mixing	
  length	
  

5. Global results (based on 512 2-year simulations) 

" 	
  ContribuNons	
  from	
  interacNon	
  terms	
  are	
  generally	
  small	
  
Zhun	
  et	
  al.,	
  2014,	
  A	
  sensiNvity	
  analysis	
  fo	
  cloud	
  properNes	
  to	
  CLUBB	
  
parameters	
  in	
  SCAM5,	
  under	
  revision,	
  J.	
  Adv.	
  Model.	
  Earth	
  Syst.	
  

A. CLUBB parameters in SCAM5 experiments  

B. The relative contribution to cloud fraction variance  

C. Resolution dependence in statocumulus   


