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What	  is	  a	  nonspherical	  par/cle?	  

A	  nonspherical	  parDcle	  is	  a	  certain	  distribuDon	  of	  	  
the	  refracDve	  index	  within	  a	  spaDal	  domain	  of	  interest.	  	  

rp

rp−1

A	  nonspherical	  parDcle	  =	  an	  inhomogeneous	  sphere	  

= a multi-layered sphere 

4	

Note that the T-matrix corresponding to r=0 is zero. 
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Yang and Liou (1996)!
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MODIS C5 (Baum et al. 2005) and MODIS C6 (Platnick et al. 2014) Ice Models  

a. MODIS Collection 5 b. MODIS Collection 6 

c.  d.  
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G. L. Stephens, S.-C. Tsay, P. W. Stackhouse Jr., and 
P. J. Flatau, 1990: The relevance of the microphysical 
and radiative properties of cirrus clouds to climate and 
climatic feedback. J. Atmos. Sci., 47, 1742–1754.  

ª “The asymmetry parameter had to be 
adjusted from the broadband Mie value of 
g=0.87 for the size distribution chosen to a 
lower value of g=0.7 in order to bring the 
observations and theory into broad 
agreement.” 

ª “Cirrus clouds characterized by g=0.87 
warmed approximately twice as much as 
cirrus clouds modeled with g=0.7.”  



Consistency of spectral retrievals  

ª MODIS operational retrieval algorithm 
(Nakajima and King, 1990) 

ª  Infrared techniques: 8.5 µm, 11 µm, and 
12 µm  (e.g., Wang et al. 2011) 

ª The cloud property retrievals based on 
the two techniques should be consistent.  



Scatter plots of MODIS observed TOA BTs and BTD (8.5-11mm) vs. simulated BTs 
and BTD by using the optimal t and Deff (after Wang et al. 2011).  



Spectral Consistency:  MODIS C5 versus MODIS C6 
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Polarimetric	  property	  consistency:	  POLDER	  
observaDons	  (color	  contour)	  versus	  simulaDons	  (lines)	  	  
with	  De=60	  µm	  
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Comparison of Integrated Attenuated Backscatter-Optical Depth relations 
of MODIS C5 and MODIS C6 model ice particles in different latitudinal 
areas 
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Conclusions	  	  
•  With	  the	  newly	  developed	  MODIS	  C6	  ice	  cloud	  opDcal	  property	  
model,	  improvements	  have	  been	  achieved	  from	  several	  
perspecDves:	  	  
Ø Spectral	  consistency	  in	  cloud	  property	  retrieval	  (VIS/NIR	  vs	  IR)	  
Ø Polarimetric	  property	  consistency:	  POLDER	  observaDons	  vs	  
simulaDons	  

Ø Consistency	  in	  a	  combinaDon	  of	  passive	  (MODIS)	  and	  acDve	  
(CALIPSO)	  observaDons.	  	  

•  MODIS	  C6	  ice	  cloud	  opDcal	  property	  model	  has	  been	  extended	  to	  
the	  generaDon	  of	  ice	  cloud	  properDes	  in	  the	  Community	  RadiaDve	  
Transfer	  Model	  (CRTM)	  

•  Will	  apply	  the	  MODIS	  C6	  model	  to	  RT	  models	  in	  GCMs	  (e.g.,	  CESM).	  	  
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