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Objective 

· Use active and passive microwave measurement  

· to study winter precipitation system 

· to validate model simulations with different microphysics schemes 
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Introduction --- How to validate the simulations? 

A ground-based Radar  
Reflectivity, Doppler Vel.  

(sensitive to: precip. species, mass, PSD,é)  

Observations 

WRF model 

Mass: Qi, Qc, Qs, Qg, Qr  

Number con.: Ni, Nc, Nsé 

PSD, M-D, and densities  

Simulations 

Scheme 1  
Simulated 

Tb, Reflectivity, 
Vel. 

Forward radiative model 

same PSD assumption é 

Scheme 2  
Simulated 

Tb, Reflectivity, 
Vel. 

Scheme 3  
Simulated 

Tb, Reflectivity, 
Vel. 

(TRMM īī no sufficient coverage) 

AMSR-E Radiometer   
Tb, PCT 

(sensitive to: precip. species, mass, PSD,é)  



Description of Simulations 

·WRF ARW V3.1  

· 4 nested domain (1.3, 4, 12, 36 km horizontal resolution, 52 vertical 

levels, 48 hours integration, output at every 5 min.) 

· 4 microphysics schemes 

· WSM6 (Hong and Lim 2006) 

· Goddard (Tao et al. 1989, Tao and Simpson 1993) 

· Thompson (Thompson et al. 2008) 

· Morrison (Morrison et al. 2009) 

· Forward models 

· Goddard Satellite Data Simulator Unit (SDSU) īī Tb 

· Customized reflectivity calculation for each scheme 

· Customized doppler velocity calculation for WSM6 and GODD 

schemes 

 

Simulations 



Description of Microphysics Schemes 

·Bulk scheme (predict mixing ratio and/or number concentration of cloud 

ice, cloud liq., snow, graupel, rain) 

Å Particle Size Distribution (PSD):  

Å Mass-diameter (M-D) relationship:                      , where                 and d=3 for spheres. 
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# of 

moment 

PSD (ɛ= 0?) Fixed or Varied N0 (m
-4) ? M-D  

(If spheres?) 

Bulk densityɟx ( Kg/m3) 

Sn Gr Ra Sn Gr Ra Sn Gr Ra Sn Gr Ra 

WSM6 1 0 0 0 Nos (T) 4.e6 8.e6 y y y 100. 500. 1000. 

GODD 1 0 0 0 1.6e7 4.e6 8.e6 y y y 100. 400. 1000. 

THOM 1.5   0 0 effective 

Nos (T,q) 

Nog (q) 

 

Nor (n,q) n y y not a 

const. 

400. 1000. 

MORR 2  0  0 0 Nos (n,q) Nog (n,q) Nor (n,q) y y y 100. 400. 997. 

Simulations 

, except THOM snow  
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(Field et al. 2005) 
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Hydrometeor Vertical Profile 

· GODD 

· More snow, shallower cloud liq. 

·WSM6 

· Least snow, most graupel 

· THOM 

· Least cloud ice, least graupel 

· MORR 

· Moderate graupel 

 

Simulations 

GODD 

THOM 

WSM6 

MORR 

īī  Mean mixing ratio profile over Sierra Nevada, at 10 UTC, 31 December, 2005 



Observed and simulated PCT89 

Comparisons 

GODD WSM6 

MORR 
THOM_use_GODD 

AMSR-E 

· AMSR-E 

· Cold PCT īī snow and grauple 

near coastal region and over 

Sierra Nevada range 

· 4 simulations 

· Generally too cold PCT īī too 

much precip. ice scattering 

 

· GODD and WSM6 are similar, 

despite diff. in snow and graupel 

profiles 

· MORR īī closer to Obs. 

· THOM (Note: estimated using 

GODD PSD assumptions) īī 

too much ice scattering  



Partitioning simulated PCT89 
īī snow vs. graupel 

Comparisons 
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SNOW GRAUPEL 

· GODD 

· Snow contribute more īī 

dominant mass of snow 

·WSM6 

· Graupel contribute more īī 

graupel is more efficient in 

scattering 

· MORR 

· Snow contribute more īī 

dominant mass of snow 



Observed and simulated reflectivity 

Comparisons 

īī  At Alta, CA, time ī height plot, 31 December, 2005 
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THOM 

· S-prof 

· Melting band and front 

passage 

· Rain (25 ī 45 dBZ), 

snow (< 30 dBZ)  

· 4 simulations 

· Melting band ? 

· Front passage is 

captured 

· Reflectivity magnitude 

· GODD and WSM6: rain 

layer is OK, too strong in 

snow layer 

· THOM īī comparable to 

Obs. 

· MORR is too strong in 

both snow and rain 

layers  

 

Melting 

 band 

Front 

Front 

Front 

Front 

Front 


