
Some Thoughts on What the New ARM Instruments 
Will Contribute to Cloud Retrievals

In general – an atmospheric column contains multiple cloud layers that 
are often composed of two phases of water in size distributions that are 
often multi modal (require multiple simple functions to describe).

So in the general case, the microphysics of a cloudy volume contain 4-6 
independent degrees of freedom.  
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Therefore, to characterize clouds, measurements must address unique 
moments of the PSD.



( )dDDNNT ∫=

Nt=0.8 /cm3

( )dDDNDArea ∫= 2

4
π

βext=3 / km

( )∫= dDDNDMass 3

3
ρ

IWC=20 mg/m3



Remote Sensing 101
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1.Integrated liquid from passive microwave
2.Optical depth and emissivity from vis and 
IR radiances from MFRSR and AERI



Multi Frequency (Ka and W) Doppler Radar Measurements

Beyond sizes of 600 microns, the backscatter cross sections of W and Ka differ providing 
significant information regarding mass and cross sectional area from reflectivity and Doppler 
velocity differences.

From Liu Ice Crystal Database



Multi Frequency (Ka and W) Doppler Radar Measurements

Beyond sizes of 600 microns, the backscatter cross sections of W and Ka differ providing 
significant information regarding mass and cross sectional area from reflectivity and Doppler 
velocity differences.



Instrument Measurement/Primary 
Retrieved Quantity

PSD Moment Additional
Information

HSRL Lidar Extinction 2nd MUST have independent Extinction

Lidar Doppler Vd 2nd Moment Weighting To optical depth 2 or so.

94 GHz 
Radar

Z 6th d<0.6 mm
Combo of multi freq. Doppler will 
constrain the large particle modes very 
precisely

Vd 2nd/3rd weighted by 94 GHz Z

35 GHz
Radar

Z 6th d< 2 mm

Vd 2nd/3rd weighted by 35 GHz Z

Low Freq Microwave (MWR) Column Liquid 3rd Column constraint
Visible Fluxes (MFRSR) Vis Tau/re 2nd Column constraint

(Day)

Thermal IR Radiances (AERI) IR Emissivity 2nd to Emiss=1 Column constraint (day and night)

Solar and IR Flux Radiative Closure Column constraint



Examine Particle Size Distributions, Physical Properties, and Remote 
Sensing Properties 

Thin Cirrus



Thin Cirrus Particle Size Distributions From Aged Anvil 

Unimodal  - 2 Params Bimodal  - >3 Params



Examine Particle Size Distributions, Physical Properties, and Remote 
Sensing Properties 

Fresh Anvil Cirrus





Summary of IWC and Measureable Quantities From Cirrus on July 22, 2007



Summary of IWC and Measureable Quantities From Cirrus on July 22, 2007



MMCR and WACR on 2006/10/30



(Ka-W) dBZ
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(Ka-W) dBZ
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Summary:

• For non precipitating clouds, dual frequency (W and Ka) are significant for 
heavy ice clouds such as alto stratus and anvil cirrus.

• Lidar Doppler velocity provides provides significant independent information for 
thin clouds

• Dual Frequency (Ka-W) Doppler spectra provides the most specific information.

• Given the very small dynamic range that the Ka and W band provide in non-
precipitating clouds, calibrations to within 0.5 db and 0.005 m/s and precise 
volume/beam matching are critical and must be an integral aspect of the new 
radars. 



Kolias et al.

Multi Frequency Doppler Radar Measurements

Beyond sizes of 600 microns, the backscatter cross sections of W and Ka differ 
providing significant information regarding mass and cross sectional area from 
reflectivity and Doppler velocity differences.
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