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 Ice Cloud Microphysical properties retrieved 
from surface and aircraft during MC3E 
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Water Clouds 

Ice Clouds (T< -19oC) 

Mixed-phase Clouds 
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From a combination of 
CDP (1-50 um), 2DC (30-
3,000 um), & HVPS (300-
30,000 um), we can 
calculate ice particle re 
and N.  
Re values are about 
200-400 um at top, then 
increase to 4000 um at 
melting layer (~ 3 km).   

There are 3 IWCs  
a) Measured from 
  Nevzorov. Accurate for    
  re<800 um. 
b) Calculate from re and   
   N:    IWC~a*Deb N 
c) Calculate from bulk  
   density:  IWC~ ρi∑D3n 
Three IWCs are almost 
the same at top, but Nev 
underestimated IWC 
toward to lower levels.   
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Applying basic V-r relationship for liquid droplets, the 
effective radii are 110 to 150 um. 
For given fall speed and same water mass (ρL*rw

3= ρi*ri
3), 

The re=110-150 um (for water droplets) will be equivalent to 
re=240-340 um for ice particles (ρi=0.1 gcm-3), excellent 
agreement with aircraft in situ measurements.  

DCS microphysical retrievals using fall speed 

10 km 

4 km 

Fall Speed 

Fall Speed derived from 
KAZR Reflectivity  
Above 4 km, Fall speed  
~ 1 m/s 

2DC-image( 14:29;16:10) 
All particles are small irregularly shaped ice crystals, spherical shape couldn’t be found in this region 

Ice particle bulk density  retrieved by mean volume diameter. 
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Ice Particle Size Distributions (PSD) 
calculated from UND aircraft (5/20) 

Lognormal distribution: σX~ 0.8 
Nearly constant broad size Distri  

Gama distribution: ν~ 0.6 
Nearly constant broad size Distri  



Some Notes on Fall Speed Estimation 
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• At present, apply only a cursory 
Z-based method to estimate ‘ice / 
aggregate’ classification fall 
speeds at altitude.   
 

• Current behavior is similar to 
Hexogonal Column  / Bullet 
Rosette curves (right, e.g., Protat 
and Williams 2011) 
 

• Working towards improved 
methods that may capitalize on 
additional KAZR / UAZR 
moments, MicroARSCL inputs. 



BACKUP 
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1) 0<  r<40 um,   Vf=K1r2,  Stokes’ law, K1=1.19*106 cm-1 S-1 

2) 40<r<0.6 mm, Vf=K2r , linear law, K2=8*103 S-1 

3) 0.6<r<2  mm,  Vf=K3r1/2,  Square root law, K3=2.2*103  
    (ρ/ρ0)1/2 cm-1 S-1. ρ is air density, ρ0 is a reference    
    density of 1.2 kg/m3. (Rogers and Yau book, P124-126) 
 

Cloud droplet terminal fall speed 
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