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Ice formation in mixed-phase clouds 
  T < –38°C 

  primary ice formation 
doesn't require IN 

  droplets freeze 
sponteously 

   expect < 100s/cm3 

0°C 

–38°C 

 0 > T > –38°C 

  primary ice formation 
requires ice nuclei (IN) 

  expect < 10s/L 

  secondary ice formation  
via multiplication? 



Cloud phase information  
from POLDER-PARASOL 

  Polarization and Anisotropy of 
Reflectances for Atmospheric 
Science coupled with 
Observations from a Lidar 

  Polarized reflectance 
at 490, 670 & 865 nm 

  13-15 viewing angles 

  10 x 10 km2 resolution 



Liquid index 
  Fit straight line through 

120o–160o 

measurements 

  Liquid index =                
mean(|fit-
measurement|) 
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Global POLDER measurements 

Riedi et al 

Scattering angle 
 van Diedenhoven et al., 2011 



Physical interpretation of liquid index 

  Liquid index 
  Indicates to what 

degree liquid is 
obscured by ice 
above  

  ~3 for pure water 
clouds  

  ~0 for pure ice 
clouds or ice 
topped clouds 

τliquid 

τIce 

τliquid 

τIce 

Liquid layer 
optical 
depth 
threshold is 
0.1 
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Liquid index for TWP-ICE active  monsoon 

liquid 

liquid/mixed/ice 

ice 

0°C 

-38°C 

 van Diedenhoven et al., 2011 



Liquid index 

  Simulated from CRM  
using forward calculations  
of 0.86-µm polarized 
reflectance 
  too much ice at  

T > –20 C  

  worse with  
diagnostic IN 

  Not sensitive to  
ice properties  
(actual or assumed) 

GISS lunch seminar 25/5/11 
 van Diedenhoven et al., 2011 



Mixed phase in mature deep convection 

Biggerstaff and Houze, 1993 



Locations of convective, stratiform area 

0 20 40 60 80 100
2.5-km Grid Cells East-West

20

40

60

80

100

2
.5

-k
m

 G
ri
d
 C

e
lls

 N
o
rt

h
-S

o
u
th

(a) C-POL
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(b) DHARMA-1
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(g) SAM-2M
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(f) MESONH-2
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(k) UKMO-2M
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(h) UKMO-2A
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Convective, stratiform area coverage 
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Stratiform area: 
effects on TOA radiative fluxes 
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TWP-ICE polarimetric retrievals 
Radar Reflectivity (dBZ)
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Vertical Wind (m s-1)
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MC3E C-/X-band obs/retrievals 
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C-SAPR MMCG   May 20.4250
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X-/C-SAPR Wind   May 20.4250
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Source:  S. Collis, K. North, A. Fridlind (see poster #224) 
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Mixed phase elsewhere in mature systems 

  Frederick and Schumacher (2008) 



MC3E UND in situ measurements 

Source:  X. Dong (see poster #222) 



Summary and comments 
  Mixed-phase in deep convection 

  what processes control the extent and evolution of mixed-
phase in updraft regions and how is it associated with ice 
nucleation? 

  how are the properties of mixed-phase updraft regions related 
to the properties of stratiform rain and anvil clouds? 

  Support field measurements (short- and long-term) 
  environmental conditions (profiles and surface, BL) 
  aerosol properties (profiles and surface) 
  aerosol CCN and IN activity and chemical composition 
  remote-sensing and in situ measurements of hydrometeor 

properties (phase, mixing ratios, ice properties) and collocated 
dynamical fields (updrafts, downdrafts, cold pools) 

  Support close model-observation comparisons 


