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Outline 

• What do we have– CLOWD achievements 

 

• What do we need– model evaluation and 
process study  

 

• What can we do in the near future 



CLOWD focus group 

 



The CLOWD Accomplishments 
 1) the initial BAMS paper that illustrated the size of the problem 

(i.e., that the retrievals of liquid water cloud properties still have 
many uncertainties that need to be addressed)  2) that the 90 
GHz frequency was critical to improving LWP retrievals when the 
LWP is small, and that it works in a wide range of conditions.  (this 
work had started before CLOWD was formed, but we intensified 
the message)  3) the acquisition of the new 3-channel MWRs 
that include the 90 GHz frequency  4) the CLOWD-BBHRP efforts 
at Pt Reyes.  We just need to finish that analysis through to a 
publication now  5) the RACORO long-term in-situ field 
experiment 

 6) The changing the AERIs to be fast-sampling  

From Dave and Andy 



Many 
algorithms were 

involved! 



Issues 

 



What do we need? 

• For cloud climatology:  -- need  small mean 
biases, day-night, and long-term, can have  
relative large random errors 

 

• For model evaluation:  

 

• For processes study:  need more parameters 
with high accuracies 



 

Klein2009 



What do we need? 

• Be able to deal with all kind of water clouds: 
Day-night, multi-layer, precipitating 

 

• Be able to cover long-time ACRF data streams 

 

• Take advantages of new instrumentation. 



These algorithms were are important! 

Single-sensor approaches! 

Not enough! 



Future 
Operational multi-sensor algorithms  

• Stratiform water clouds: MWR+MMCR+MPL 
– It can be applied to the most of ARCF data 

• Convective  water clouds: multi-frequency 
radar (Hogan 2005; Huang et al. 2009) 
– After new radar 

• Can add radiation measurements to further 
constrain stratiform  water cloud retrieval.  



Multi-sensor water cloud study—we 
started this long-time ago! 
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MMCR+MWR 



 

Challenges: drizzle and precipitation.  



MMCR+MWR+ MPL (lidar) (3M) for 
stratiform water clouds 
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Water droplet concentration evaluation 

In-situ  

Remote Sensing 



Key measurements  
1. LWP 

• Take advantage the new 90 GHz data (Dave and Maria 
working on this). 
 

• Deal with "difficult" situations such as mixed-phase and 
broken cloud (e.g., cumulus) conditions.   
 

• Maintain instrumentation stability. 
 

• Using clear sky measurements as reference points to 
improve the retrievals (Wang 2007). 

  
 



Key measurements  
 

2. Radar 

• Calibration 

• Pointing for Doppler measurements  
3. Lidar 

• Avoiding signal saturations 



Measurement Issues 

• Calibrations: instrumentation side and data 
processing 

• Be able to cover  required signal range 
– MPL signal saturations in water clouds 

• Smart sampling and averaging–  
– cloud–type dependent signal intensity. 

– Changing clouds -- signals are non-linearly 
dependent on cloud properties.   
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