
Melting layer: Z ~15-20 dBZ, LDR ~ -15 to -10 dB, ZDR~ 0-3 dB

Mixed phase: Z ~ 5-10 dBZ, LDR ~ -30 to -20 dB, ZDR ~ 0-1 dB

Rain: LDR ~ < -30 dB, ZDR ~ 0 dB

T ~ -3 to 0°C
WCR: dual-pol.

Nov 19, 2003 – Melting 
Layer to Mixed Phase



T ~ -5°C
WCR: dual-antenna

Nov 19, 2003 – Cloud 
Top – Mixed Phase

High Z change near cloud top (-30 to 10 dBZ), ML at 3 km
Weak Z: calculated Z match the WCR Z at 75 m range
High Z cores: mixed phase / ice 



Radar vs. In-situ

Good correlations between in-situ and radar data at 
close range (60-105 m)

Fine-scale cloud organization in icing and mixed 
phase segments

Measurable LDR and high ZDR in Pristine crystals 
Icing layers (all liquid) weak Z (<-10 dBZ) and zero 

ZDR and no measurable LDR

Next step:
Automatic classifications of in-situ particle data  
Obtain radar signatures of different particle types 
Classify radar data into different particle types  



Radar data show fine-scale fluctuations than 30S so 
also used other schemes 

Combining in-situ and 
radar data

30s 2D image classification – S. Cober (EC)
Flight 059: 2DCAnalysis.

Start time = 192430 End time = 192500
Circ Ratio =  0.85 CrysRatio =  0.15 CirCon L-1 = 6
Totl Count = 2395 Processed  = 726 Sam Length = 1875
ZeroArea R = 372 Min Diam R =1031 MaxDiam R =0
Circles >4 = 508 Irregul >4 = 89 Needles >4 =4 GoodImages

= 601
Bln Line R = 121 Time Bar R = 16 NotFocus R =72 Complete P =

401
CenNotIn R = 182 Dendrite = 0 LWC >= 5 =  0.3607

Develop radar and in-situ cloud physics data 
statistical analysis tool that has flexibility to use different 

Radar variables
Image classification schemes  
Atmospheric conditions 
Radar beam angle …. 
Remove noise and clutter from the radar data 

Radar data 

Time interval

Radar Range

Particle classification data (A, B, C, ..)

In-situ data range (T, LWC …)



Nov 11: Radar 
Signature – Circular

Bi-modal Z distribution (cloud drop & drizzle/rain) 
LDR below detection limit of -30 dB 
ZDR ~ 0 dB (H/V gain bias in the data)



Hydrometeor Type 
Identification from Radar 
Polarimetric  Signatures

Fuzzy-logic based image classification
Modified NCAR (Dr. Vivekanandan) program

Use flight level temperature values 

More functionality for airborne application

Use only Z, ZDR and LDR 

Frequency distribution/thresholds based on in-situ data   

work in progress



Fuzzy-logic based 
particle classification

Radar signatures of particles – coincident 
radar and in-situ measurements 

Determine particle membership functions



Nov 11: Particle type: 
Radar / In-situ



Nov 19: Particle type: 
Radar / In-situ



Nov 24: Particle type: 
Radar / In-situ



Particle Types Identification

Good agreement between fuzzy-logic particle type 
classification result including icing from radar with in-situ 
cloud microphysics data

http://www.nawx.nrc.gc.ca

Issues/Future work:
Identification of mixed phase clouds – plan to add other 

radar variables: Doppler velocity field, Dual-frequency option, 
more polarimetric variables 

Image classification from in-situ measurements


