
Lawrence Livermore National Laboratory 1 

Chuanfeng Zhao, Shaocheng Xie, and Xiao Chen (LLNL) 

Maureen Dunn, Michael Jensen (BNL) 



Lawrence Livermore National Laboratory 2 

 Accurate cloud properties are needed for cloud 
process study and for better constraining cloud 
representations in climate models 

 One major goal of QUICR is to develop methodologies 
to characterize and quantify cloud retrieval 
uncertainties, separately for different cloud regimes 

 Different methods have been proposed for this 
purpose. Here we show the uncertainty quantification 
results for MICROBASE retrievals with a perturbation 
method. 
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Inputs: 
T Profile 

Radar Profile 
MWR LWP 
Cloud Base 
Cloud Top 

 
 

MICRBASE Retrieval 
(Assumptions: like Number concentration, 

particle size distribution, etc.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Outputs: 
LWC 
IWC 

Liquid re 
Ice re 

 
 
 

CLOUD 
Phase: 

 
T<-16 ice; 

 
T>0 

Liquid; 
 

Others 
Mixed; 

 
fliq=1+T/16 

Ice Retrieval: 
 
 

Liquid Retrieval 
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Zhao et al. (2012) have shown cloud retrieval uncertainties are directly related to the 
retrieval inputs, assumptions, and parameters in the empirical regression equations. 
This study quantifies cloud retrieval uncertainties by perturbing these factors within 
reasonable ranges. 
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The dominant factor of cloud retrieval uncertainties varies with cloud 
property variables 

Other influential factors (e.g. ice crystal habit) have not been explored 
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The cloud retrieval uncertainties determined from the perturbation method 
are weakly dependent on the sampling distribution used in the perturbations 



Lawrence Livermore National Laboratory 6 



Lawrence Livermore National Laboratory 7 

Cloud Classification (9 types): ARM Value Added Product 
Cloud classification method is based on Wang and Sassen (2001) 

‘High cloud’ and ‘Not determined’ clouds are not considered in following analysis 
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- Ensemble mean and standard deviation (STD) of LWC vary with cloud types, with deep 
convective clouds maximum.  

- Uncertainties varies with cloud types, with deep convective clouds maximum. 
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Ensemble Mean 

Various types of clouds show 
different seasonal variations 
and magnitudes in LWC, with 
largest values for cumulus, 
nimbostratus and deep 
convective clouds.  

Altostratus 

Altocumulus 

Stratus 

Stratocumulus 

Cumulus 

Nimbostratus 

Deep Convective 
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 Cloud retrieval uncertainties can be quantified with a perturbation method 
– perturbing the influential factors within the reasonable ranges 

 The major uncertainty contributing factor varies with cloud variables that 
are retrieved; the uncertainties determined with perturbation method are 
dependent on the sample distributions, while this dependency is weak in 
this study 

 The perturbation ensemble means and standard deviations of LWC vary a 
lot with cloud types, with maximum values for deep convective clouds 

 The cloud retrieval uncertainties vary with cloud types, with maximum 
values for deep convective clouds. The uncertainties of LWC for most 
types of clouds lie between 20% and 30% 

 Various types of clouds also show different seasonal variations and 
magnitudes in LWC 
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