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OUTLINEOUTLINE

1. Background1. Background

2. Recent Highlights2. Recent Highlights

4. Build modeler interface4. Build modeler interface

3. Validation & Vetting 3. Validation & Vetting ----
 

Need Need ““truthtruth””



BackgroundBackground
““CLOWDCLOWD””

•• Clouds with Low Optical Water DepthClouds with Low Optical Water Depth
•• Defined LWP Defined LWP ≤≤

 
100 gm100 gm--22

 
((ττ

 
≈≈

 
12 to 25)12 to 25)

•• MWRMWR’’s uncertainty is 20s uncertainty is 20--30 g m30 g m--22

(i.e., errors of 20% to over 100%)(i.e., errors of 20% to over 100%)

Why?Why?
•• Optical depth most basic cloud optical propertyOptical depth most basic cloud optical property
•• CLOWDs common globallyCLOWDs common globally
•• Radiation Radiation veryvery sensitive to perturbationssensitive to perturbations

at low optical depthsat low optical depths



CloudCloud LWP FrequenciesLWP Frequencies

Figure adapted fromFigure adapted from
Turner et al. (Turner et al. (TGARSTGARS, 2007), 2007)



Modeling continental boundary layer cloudsModeling continental boundary layer clouds
•• Poor agreement w/ observations (Lenderink et al., 2004)Poor agreement w/ observations (Lenderink et al., 2004)
•• Subgrid scale to boot!Subgrid scale to boot!

Marine boundary layer (MBL) cloudsMarine boundary layer (MBL) clouds
•• MBL cloud albedos poorly simulated MBL cloud albedos poorly simulated 

(Zhang et al., 2005; Bender et al., 2006; Zhu et al., 2005)(Zhang et al., 2005; Bender et al., 2006; Zhu et al., 2005)
•• Main source of uncertainty in GCM tropical cloud Main source of uncertainty in GCM tropical cloud 

feedbacks (Bony and Dufresne, 2005)feedbacks (Bony and Dufresne, 2005)

Aerosol Indirect Effects (AIE)Aerosol Indirect Effects (AIE)
•• AIE has greatest uncertainty range (IPCC, 2001)AIE has greatest uncertainty range (IPCC, 2001)
•• AIE least saturated for thin and developing cloudAIE least saturated for thin and developing cloud

ReseResearch Areas EffectedAreas Effected



0

2

4

6

8

10

0.1 1 10 100

granule S. America

re
la

tiv
e 

su
sc

ep
tib

ili
ty

optical thickness

Srel ≈
1
3
τ
∂R
∂τ

ΔN
N

0.1              1                 10             1000.1              1                 10             100
Optical DepthOptical Depth

1010

88

66

44

22

00R
el

at
iv

e 
Su

sc
ep

tib
ili

ty
 (x

 1
00

0)
R

el
at

iv
e 

Su
sc

ep
tib

ili
ty

 (x
 1

00
0)

Cloud Relative SusceptibilityCloud Relative Susceptibility

Platnick and Oreopoulos (Platnick and Oreopoulos (JGRJGR, Submitted), Submitted)



CLOWD BAMS PaperCLOWD BAMS Paper

Turner and 21 CoTurner and 21 Co--Authors (BAMS, 2007)Authors (BAMS, 2007)



Instruments
�� Microwave RadiometersMicrowave Radiometers

•• 183 GHz (GVR) [NSA] 183 GHz (GVR) [NSA] 
•• 90/150 GHz microwave radiometer [SGP & AMF/COPS]90/150 GHz microwave radiometer [SGP & AMF/COPS]
•• 33--channel MWR to be deployedchannel MWR to be deployed

•• 23, 31, and 90 GHz, with an option to add 423, 31, and 90 GHz, with an option to add 4thth

 

at 183 GHzat 183 GHz

�� Longwave RadiometersLongwave Radiometers
•• AERIs made AERIs made ““fastfast--scanningscanning””

�� Shortwave RadiometersShortwave Radiometers
•• 22--Channel NFOV & Cimel in Channel NFOV & Cimel in ““cloudcloud””

 
modemode

•• Shortwave Spectroradiometer (SWS)Shortwave Spectroradiometer (SWS)
•• ThinThin--Cloud Rotating Shadowband Radiometer (TCCloud Rotating Shadowband Radiometer (TC--RSR)RSR)

�� Raman LidarRaman Lidar
•• LiquidLiquid--water profile retrievals water profile retrievals 



MWRRet MWRRet ---- A new VAPA new VAP
Improving Standard ARM Microwave RadiometerImproving Standard ARM Microwave Radiometer

Retrievals of PWV and LWPRetrievals of PWV and LWP

Turner et al. (Turner et al. (TGARSTGARS, 2007), 2007)



Neural Network Retrievals of Neural Network Retrievals of 
PWV & LWP from 183 GHz ObservationsPWV & LWP from 183 GHz Observations

Cadeddu et al.Cadeddu et al.
 

((TGARSTGARS, 2007), 2007)
Cadeddu et al.Cadeddu et al.

 
((TGARSTGARS, , Submitted)Submitted)
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Joint MWRJoint MWR--AERI RetrievalsAERI Retrievals

TurnerTurner
 

((JGRJGR, 2007), 2007)



Remote Sensing of Cloud Properties Using Surface 
Measurements of Zenith Radiance

Retrievals of Cloud Optical Depth & 
Effective Cloud Fraction
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Broken Cloud RetrievalsBroken Cloud Retrievals

Chiu et al. Chiu et al. ((JGRJGR, 2006), 2006)



Lidar THICK Cloud RetrievalsLidar THICK Cloud Retrievals 
Using the Solar Background SignalUsing the Solar Background Signal

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



SGP Raman Lidar Liquid Water ProfilesSGP Raman Lidar Liquid Water Profiles

�� Modified Raman Lidar in Sep 2005Modified Raman Lidar in Sep 2005
•• Profile liquid water and (by extension) ReffProfile liquid water and (by extension) Reff

�� Due to weak signalDue to weak signal
•• Only nighttime LWC profilingOnly nighttime LWC profiling
•• Thin (Thin (ττ

 
< 3) clouds< 3) clouds

 
(15 to 25 gm(15 to 25 gm--22))

�� LWC profile calibrated w/ a 1LWC profile calibrated w/ a 1stst--principles approachprinciples approach
�� Evaluated via a comparison with AERIEvaluated via a comparison with AERI--retrievalsretrievals

Russo, Whiteman, Turner, Demoz, and Hoff (JTech, Submitted)Russo, Whiteman, Turner, Demoz, and Hoff (JTech, Submitted)



CLOWD CLOWD VAPsVAPs & Plans& Plans



�� Cloud MW Dielectric PropertiesCloud MW Dielectric Properties
•• COPS CLOWD 90/150 Experiment COPS CLOWD 90/150 Experiment ’’0808

�� Vet Retrievals for Operational UseVet Retrievals for Operational Use
•• Flux Closure via BBHRPFlux Closure via BBHRP--CLOWDCLOWD

�� Microphysics Microphysics ““RefereeReferee””
•• RACORO RACORO ‘‘0909

Validation needs Validation needs ““TruthTruth””



Maria Cadeddu, Dave Turner, Andy Vogelmann,Maria Cadeddu, Dave Turner, Andy Vogelmann,
Susanne Crewell & Ulrich LSusanne Crewell & Ulrich Lööhnert (Univ. of Cologne)hnert (Univ. of Cologne)

Christine Chiu, Jen Comstock, Sasha MarshakChristine Chiu, Jen Comstock, Sasha Marshak

Use instrumentation at COPS to disentangle Use instrumentation at COPS to disentangle 
uncertainties in MWR cloud modelsuncertainties in MWR cloud models

MWRSMWRS
¾¾ 2x90 GHz, 22x90 GHz, 2--, 12, 12--, 14, 14--channel MWRschannel MWRs

Profiles Profiles 
¾¾ AMF sonde frequency (4x daily)AMF sonde frequency (4x daily)
¾¾ Water vapor DIALWater vapor DIAL
¾¾ Raman lidar temperature profilesRaman lidar temperature profiles

1212--Channel Profiling MWRChannel Profiling MWR

22--Channel MWRChannel MWR

AMF/COPS Site AMF/COPS Site ----
 

Heselbach, GermanyHeselbach, Germany

Cloud Microwave Validation Experiment in Cloud Microwave Validation Experiment in 
Support of CLOWD Support of CLOWD ----

 
90/150 MWR at COPS90/150 MWR at COPS

☺☺



CLOWDCLOWD--BBHRPBBHRP
(Broadband Heating Rate Profiles)(Broadband Heating Rate Profiles)

Jen Comstock, Eli Mlawer, Tim Shippert, Jen Comstock, Eli Mlawer, Tim Shippert, 
Dave Turner, and Andy VogelmannDave Turner, and Andy Vogelmann

Objectives Objectives 
1. Use BBHRP to evaluate CLOWD retrievals1. Use BBHRP to evaluate CLOWD retrievals

••
 

Use residuals for statistics per CLOWD typeUse residuals for statistics per CLOWD type

2. BBHRP calculations for CMWG CLOWD simulations2. BBHRP calculations for CMWG CLOWD simulations
••

 
Need periods where variational analyses existNeed periods where variational analyses exist

CLOWD CasesCLOWD Cases
••

 
Overcast, singleOvercast, single--layered warm cloud  layered warm cloud  AMF/Pt ReyesAMF/Pt Reyes

••
 

Broken, singleBroken, single--layered warm cloudlayered warm cloud
 

AMF/AMF/COPS, SGPCOPS, SGP
••

 
MixedMixed--phase cloud, singlephase cloud, single--layered           layered           NSANSA

••
 

Broken MBroken M--P cloud & MultiP cloud & Multi--level clouds    level clouds    SGPSGP



RACORORACORO
RRoutineoutine
AAerial Vehicle Program (AVP)erial Vehicle Program (AVP)
CClouds with Low Optical Water Depths (CLOWD)louds with Low Optical Water Depths (CLOWD)
OOptical ptical 
RRadiative adiative 
OObservationsbservations

Steering CommitteeSteering Committee
Andy Vogelmann, Greg McFarquhar, Dave Turner, Andy Vogelmann, Greg McFarquhar, Dave Turner, 

Jennifer Comstock, Graham Feingold, Chuck Jennifer Comstock, Graham Feingold, Chuck 
Long and John OgrenLong and John Ogren



RACORO OverviewRACORO Overview
�� Conduct longConduct long--term, routine flights in the boundary term, routine flights in the boundary 

layer, liquidlayer, liquid--water clouds at SGP water clouds at SGP 
•• Microphysical propertiesMicrophysical properties
•• Optical properties and radiative fluxes, andOptical properties and radiative fluxes, and
•• Associated aerosol properties & atmos. stateAssociated aerosol properties & atmos. state

�� LongLong--term statistics needed because these clouds are term statistics needed because these clouds are 
thin and/or broken, which make retrievals highly thin and/or broken, which make retrievals highly 
uncertain uncertain 
•• Help develop & evaluate cloud retrievalsHelp develop & evaluate cloud retrievals
•• Improve our understanding of how boundary layer  Improve our understanding of how boundary layer  

clouds interact with aerosols & radiative fluxesclouds interact with aerosols & radiative fluxes



SummarySummary
�� BAMS paper defined the problemBAMS paper defined the problem

�� Focused research efforts to improveFocused research efforts to improve
•• Instrumental aspectsInstrumental aspects
•• Retrieval approaches/theoryRetrieval approaches/theory

�� CLOWD Science Team MenuCLOWD Science Team Menu
PI Posters!!PI Posters!!
BBHRPBBHRP--CLOWDCLOWD Comstock, McFarlane  Tues,  1:00Comstock, McFarlane  Tues,  1:00--3:003:00
AMF/COPS 90/150AMF/COPS 90/150 Cadeddu, CrewellCadeddu, Crewell

 
Wed.,  7:30Wed.,  7:30--9:009:00

RACORORACORO RACORO TeamRACORO Team
 

Thurs, 1:00Thurs, 1:00--3:003:00

¾¾ Vetting & Integration           Vetting & Integration           Best EstimateBest Estimate
•• MWR cloud prop., Flux closure,  MicrophysicsMWR cloud prop., Flux closure,  Microphysics
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