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OUTLINE

1. Update on CLOWD Efforts
… How get them in to VAPs?

Turner et al. (BAMS, 2007)

3. Build modeler interface

2. Validation needs “truth”



1. Update on CLOWD Efforts
• TC-RSR Development

• PI efforts Highlights

• VAPs & Individual Efforts



Thin-Cloud Rotating Shadowband Radiometer
(TC-RSR) Development Underway

Mike Reynolds, Andrew Vogelmann,  Q. Min, 
MJ Bartholomew, Ray Edwards & Scott

Outdoor 
Demonstration

25 July 2007

Completed
Designing
Fabrication
Circuit testing
Control software

To Do
Hardening
October at SGP

Stay Tuned! 
CPWG
STM

Developers &
The Fearsome

Inspection Team

1. Update on CLOWD Efforts



1. Update on CLOWD Efforts
The Highlight Parade!

Improved Accuracy in Liquid Water Path Retrievals

Dave Turner (JGR, 2007)
C. Chiu et al. (JGR, 2006)

Remote Sensing of Cloud Properties Using Surface 
Measurements of Zenith Radiance

Retrievals of Cloud Optical Depth & 
Effective Cloud Fraction
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24 October 2004

Chiu et al. (Geosci. Remote Sens. Lett., 2007)

Lidar Solar Background for 
Cloud Optical Depth Retrievals

Studying the Transition from Cloudy to Clear Skies 
Using the ARM Shortwave Spectrometer

A. Marshak et al. (Ongoing research)
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Turner and 21 Co-Authors (BAMS, 2007

A Surprising Problem with Thin Liquid Water Clouds



CLOWD VAPs & Plans

All methods might not have been tested on 
true CLOWD types (the really thin stuff)



… How get them in to VAPs?
2. Validation needs “truth”

Cloud MW Dielectric Properties - AMF/COPS MWR IOP
Flux Closure - Beginning BBHRP  Study
Microphysics - Proposed RACORO IOP

RACORO Proposed
Routine 
Aerial Vehicle Program (AVP) 
Clouds with Low Optical Water Depths (CLOWD)
Optical 
Radiative 
Observations
Steering Committee
Andrew Vogelmann, Greg McFarquhar, John Ogren, Dave Turner,
Jennifer Comstock, Graham Feingold, Chuck Long
Additional Contributors
Greg Roberts, Scripps Institution of Oceanography, UCSD



Use instrumentation at COPS to disentangle 
uncertainties in MWR cloud models

MWRS  : 2x90 GHz, 2-, 12-, 14-chan
Profiles: 

AMF sonde frequency (4x daily)
Water vapor DIAL
Raman lidar temperature profiles

Cloud Microwave Validation Experiment in 
Support of CLOWD -- 90/150 MWR at COPS
Andy Vogelmann, Dave Turner, Maria Cadeddu, Christine
Chiu, Jen Comstock, Jim Liljegren, Alexander Marshak

12-Channel Profiling MWR

2-Channel MWR

AMF/COPS Facility site -- Heselbach, Germany

☺



Cloud Microwave Validation Experiment in 
Support of CLOWD

First step – Clear-sky verification.  Next Step – Clouds…

Dave Turner, Susanne Crewell & 
Ulrich Löhnert (Univ. of Cologne), 
Maria Cadeddu & Andrew Vogelmann

PLEASE, 
JOIN THE PARTY!!



CLOWD-BBHRP
(Broadband Heating Rate Profiles)

Initial Discussions
Eli Mlawer, Jen Comstock, Tim Shippert, 

Dave Turner, and Andy Vogelmann

Objectives 
1. Use BBHRP to evaluate CLOWD retrievals
• Use residuals for statistics per CLOWD type
2. BBHRP calculations for CPWG CLOWD simulations
• Need periods where variational analyses exist
• Potential routine WRF simulations at the SG
• Possible CLOWD types of particular potential interest

e.g., MBL (VOCALS), NSA (IPY)



CLOWD Cases
• Overcast, single-layered warm cloud
• Broken, single-layered warm cloud
• Broken mixed-phase cloud & Multi-level clouds

Potential CLOWD-BBHRP Study Periods
1. Point Reyes (AMF)

• Excellent CLOWD dataset 
• Would need work to get VAPs (merged sounding, aerosol BE) 

2. SGP – Inputs for about 3 years are ready
• Microbase & merged sounding almost done for 2000 to 2002 
• Aerosol best estimate (BE) about ready, too 

3. NSA
• CLOWDs frequent 
• Would need work to get VAPs (merged sounding, aerosol BE) 

4. COPS (AMF)
• CLOWDs were found to be frequent 
• Plentiful additional remote sensing obs



Current Validation Efforts 
• COPS MWR
• BBHRP 
• Retrieval Intercomparison

Project Coordination – CLOWD Wiki
wiki.arm.gov



Questions?
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