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ACR + APR-2 AMSR-E 

Microphysical Modeling:  
Multi-frequency radar/radiometer consistency 



Microwave Scattering Database 
Spheres (Mie theory) 
 

ü  Fixed-density  
ü Dielectric mixing rules 
 

Non-spherical (Discrete Dipole Approximation – DDA) 
Kuo(Snowfake) 

Ori et al. (2012) 
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Average Scattering Properties 



 PSD-Averaged Quantities 

Field et al. (2007) 

Field et al. (2005) 



 PSD-Averaged Quantities 

Field et al. (2007) 

Field et al. (2005) 



Field et al. (2005) 

 PSD-Averaged Quantities 
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Modeled Ku-Ka Dual Freq Ratio (DFR) 

N(D) = NoD1
exp(−ΛD1

D)+ NoD2
DµD2 exp(−ΛD2
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Field et al. (2007) 
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Figure 1 











GCPEx: End-to-End Radiative Closure 

SVI D3R+W-band 



Modeled Dual Freq Ratio (DFR) 

•  Scattering database 
 
•  Unique signatures? 
 
•  Microphysical constraint? 
 
•  Observations? 
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•  Exponential size distribution 

 
•  Unique three frequency trends  

–  Aggregates 
–  Pristine crystals 

Spheroids 

Kneifel et al. (2011) 



Wakasa Bay ACR/APR-2 
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27 January (Stratiform rain) 
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•  Data density highest at 
smaller DWR values  

•  Higher DWR values: 
aggregate models 

•  Attenuation correction shifts 
points with high integrated 
reflectivity to the left 

 
•  Higher DWR’s associated 

with areas closer to bright 
band (higher integrated Z) 
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CloudSat/AMSR-E  0400 UTC 9 Aug 2006 	  
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Applications:  Eliminate unrealistic models 

MHS 157 GHz 

•  CloudSat Zint as proxy for IWP 
•  Excessive scattering at high Zint 

•  Extrapolate scattering properties – large Dmax 

Kulie et al. (JAS, 2010) 



Simulated TB157 Uncertainties 



Goddard Profiling (GPROF) Algorithm  

Proxy GPM Microwave 
Imager Observations 

Goddard Multiscale 
Modeling Framework 

(MMF) + Satellite Data 
Simulator Unit (SDSU)  

Profile 
Database 

Radar:   CloudSat 

Radiometer:   AMSR-E + MHS/AMSU-B 
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ICECAPS GPM Ground-based Radar 
Snowfall Observations 
 
 
•  Direct observational validation 

•  Near-surface details 

•  Increased sensitivity 
 
•  Regime statistics 



Micro Rain Radar + Precip. Video Imager 

•  2012-’13 & 2013-’14 deployments 
•  Long-term microphysical + radar obs 
•  Near surface dBZ features 
•  Modeling/retrieval improvements 
•  Validation site  
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Micro Rain Radar + Precip. Video Imager 



Summary 
•  Microphysical models:  Multi-freq/multi-sensor 

consistency 
 

•  “Default” ice model candidates 
 
•  Mining field campaign data 
 
•  Pre-GPM spaceborne radar/radiometer obs 

•  Ground-based radar observations 
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