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Remote Sensing 101
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Va’/ o 2 ext [72 V(D)N(D)dD Critical passive measurements include:

1.Integrated liquid from passive microwave
2.0ptical depth and emissivity from vis and

IR radiances from MFRSR and AERI



Multi Frequency (Ka and W) Doppler Radar Measurements

Radar Reflectivity in 35 GHz and 94 GHz

94 GHz
35 GHz

Radar Reflectivity (mm6,/m3)

From Liu Ice Crystal Database
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100 1000 10000
Particle Sizes (microns)

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.



Multi Frequency (Ka and W) Doppler Radar Measurements

Ratio of Radar Reflectivities in 35 GHz and 94 GHz
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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.



Measurement/Primary PSD Moment Additional

Retrieved Quantity Information
HSRL Lidar Extinction MUST have independent Extinction
Lidar Doppler 2" Moment Weighting To optical depth 2 or so.

6th d<0.6 mm

Combo of multi freq. Doppler will
constrain the large particle modes very
precisely

35 GHz yA 6th d< 2 mm
Radar

Low Freq Microwave (MWR)  J®6[8]asTaNETeTV] L6 3rd Column constraint

Visible Fluxes (MFRSR) Vis Tau/re P Column constraint
(Day)

Thermal IR Radiances (AERI) IR Emissivity 2" 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
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Thin Cirrus Particle Size Distributions From Aged Anvil
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Examine Particle Size Distributions, Physical Properties, and Remote
Sensing Properties
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Doppler Spectra (35 GHz — Black, 84 GHz — Red) 20070722 53039—53128

[t} 20 49 a0 ac 100

Fall velacity {mf2)

DC8 TC4 Data 20070722 59039-59129 16.40-16.42
Water Content: 0.249158 g/nmn3

Extinction: 7.08765 1 /km

Concentration: 0.193520 1/cc

Effective Radius: £2.7307 microns

35 GHz Ze and Vd (cm/s): 2.21737 60.116742
94 GHz Ze and Vd (cm/s): 1.09719 56.127650
Lidar Vd (cm/s): 33.029364
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Summary of IWC and Measureable Quantities From Cirrus on July 22, 2007

Water Content vs dbi{delta?) Water Content vs  Ka—W vd Diff
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Summary of IWC and Measureable Quantities From Cirrus on July 22, 2007

db(deltaZ) vs dBZ—-35 Ko-=W vd Diff vs dBZ-35
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MMCR and WACR on 2006/10/30

W-band Radar
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_WACR and MMCR Reflectivity Differences
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WACR and MMCR Reflectivity Differences
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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.



Multi Frequency Doppler Radar Measurements

(fmmm )
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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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