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Single Scattering: Mixed-Phase 

Snow Density (ρs) 
(Const/Variable) 

Melting Layer Model 
fw(Dw,h), Vs(Dw,h) 

(Yokoyama and Tanaka (1984) …) 

Mixing Formula 
(MG, Bruggeman, CGFFT, …) 

Melting Particle Model 
Shape, Orientation 

Uniform Mixing 

Concentric-Sphere 

Stratified-Sphere 

Computation Method 
Mie, T-matrix, CGFFT, DDA, … 

Scattering Parameters 
σb(Dw,h), σe(Dw,h), σs(Dw,h), g(Dw,h) 

&  

fw(Dw,h), Vs(Dw,h) 

for 

0.01≤Dw≤8 and 0≤h≤1.5 

Shape-size Relation 
a/b=f(Dw) 

Raindrop Model 
Spherical/Non-spherical Shapes 

Computation Method 
Mie, T-matrix, … 

Scattering Parameters 
σb(Dw,t), σe(Dw,t), σs(Dw,t), g(Dw,t) 

for 

0.01≤Dw≤8  

t=0,5,10,15,20,25,30 0C 

Nw-normalized scattering parameters (Nw=1 mm
-1

m
-3

) 

 

Radar: 

𝑰𝒃 𝑫𝟎,𝝁,𝝀 = 𝟏𝟎 𝐥𝐨𝐠𝟏𝟎  
𝝀𝟒

𝝅𝟓 𝑲𝒘 
𝟐
 𝒇 𝝁  

𝑫

𝑫𝟎
 
𝝁

𝐞𝐱𝐩 −𝚲𝑫 
𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏

∙ 𝝈𝒃 𝑫,𝝀 𝒅𝑫  ,   dBZ 

𝑰𝒆 𝑫𝟎,𝝁, 𝝀 = 𝟒.𝟑𝟒𝟑 × 𝟏𝟎−𝟑 𝒇 𝝁  
𝑫

𝑫𝟎
 
𝝁

𝐞𝐱𝐩 −𝚲𝑫 
𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏

∙ 𝝈𝒆 𝑫,𝝀 𝒅𝑫 ,  dB/km 

Radiometer: 

𝑰𝒔𝒄𝒂 𝑫𝟎,𝝁,𝝀 = 𝟏𝟎−𝟔 𝒇 𝝁  
𝑫

𝑫𝟎
 
𝝁

𝐞𝐱𝐩 −𝚲𝑫 
𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏

∙ 𝝈𝒔 𝑫,𝝀 𝒅𝑫 , m-1 

𝑰𝒆 𝑫𝟎,𝝁, 𝝀 = 𝟏𝟎−𝟔 𝒇 𝝁  
𝑫

𝑫𝟎
 
𝝁

𝐞𝐱𝐩 −𝚲𝑫 
𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏

∙ 𝝈𝒆 𝑫,𝝀 𝒅𝑫 , m-1 

𝑰𝒈 𝑫𝟎,𝝁,𝝀 =
 𝒇 𝝁  

𝑫
𝑫𝟎

 
𝝁

𝐞𝐱𝐩 −𝚲𝑫 
𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏
∙ 𝒈 𝑫,𝝀 𝝈𝒔 𝑫,𝝀 𝒅𝑫

 𝒇 𝝁  
𝑫
𝑫𝟎

 
𝝁

𝐞𝐱𝐩 −𝚲𝑫 
𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏
∙ 𝝈𝒔 𝑫,𝝀 𝒅𝑫

         

 

DSD Integrated 

NT-normalized scattering parameters (NT=1 m
-3

) 

 

Radar: 

𝑰𝒃 𝑫𝟎,𝝁, 𝝀 = 𝟏𝟎 𝐥𝐨𝐠𝟏𝟎  
𝝀𝟒

𝝅𝟓 𝑲𝒘 
𝟐
 

𝚲𝝁+𝟏

𝚪(𝝁 + 𝟏)
𝑫𝝁𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏

∙ 𝝈𝒃 𝑫,𝝀 𝒅𝑫  ,   dBZ 

𝑰𝒆 𝑫𝟎,𝝁,𝝀 = 𝟒.𝟑𝟒𝟑 × 𝟏𝟎−𝟑 
𝚲𝝁+𝟏

𝚪(𝝁 + 𝟏)
𝑫𝝁𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏

∙ 𝝈𝒆 𝑫,𝝀 𝒅𝑫 ,  dB/km 

Radiometer: 

𝑰𝒔𝒄𝒂 𝑫𝟎,𝝁,𝝀 = 𝟏𝟎−𝟔 
𝚲𝝁+𝟏

𝚪(𝝁 + 𝟏)
𝑫𝝁𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏

∙ 𝝈𝒔 𝑫,𝝀 𝒅𝑫 , m-1 

𝑰𝒆 𝑫𝟎,𝝁,𝝀 = 𝟏𝟎−𝟔 
𝚲𝝁+𝟏

𝚪(𝝁 + 𝟏)
𝑫𝝁𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏

∙ 𝝈𝒆 𝑫,𝝀 𝒅𝑫 , m-1 

𝑰𝒈 𝑫𝟎,𝝁, 𝝀 =
 

𝚲𝝁+𝟏

𝚪(𝝁 + 𝟏)
𝑫𝝁𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏
∙ 𝒈 𝑫,𝝀 𝝈𝒔 𝑫,𝝀 𝒅𝑫

 
𝚲𝝁+𝟏

𝚪(𝝁 + 𝟏)
𝑫𝝁𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏
∙ 𝝈𝒔 𝑫,𝝀 𝒅𝑫

         

 

DPR Parameters GMI Parameters Hydro. Parameters 

 Nw (mm
-1

m
-3

)-normalized mass content (IM) and precipitation rate (IR): 

 𝑰𝑴 =
𝝅

𝟔
× 𝟏𝟎−𝟔  𝒇 𝝁  

𝑫

𝑫𝟎
 
𝝁
𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏
∙ 𝑫𝟑𝒅𝑫 , 𝒈 𝒎𝟑  

 𝑰𝑹 = 𝟔𝝅 × 𝟏𝟎−𝟒  𝑵𝒘𝒇 𝝁  
𝑫

𝑫𝟎
 
𝝁
𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏
∙ 𝑫𝟑𝑽(𝑫)𝒅𝑫 , 𝒎𝒎 𝒉  

 𝒇 𝝁 =
𝟔 𝟑.𝟔𝟕+𝝁 𝝁+𝟒

𝟑.𝟔𝟕𝟒𝚪(𝝁+𝟒)
 

 Water content:    𝑴 = 𝑵𝒘𝑰𝑴 ,    𝒈/𝒎𝟑    ;               

 Precipitation rate:      𝑹 = 𝑵𝒘𝑰𝑹 ,    𝒎𝒎/𝒉           

     

 NT (m
-3

)-normalized mass content (IM) and precipitation rate (IR): 

 𝑰𝑴 =
𝝅

𝟔
× 𝟏𝟎−𝟔  

𝚲𝝁+𝟏

𝚪(𝝁+𝟏)
𝑫𝝁𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏
∙ 𝑫𝟑𝒅𝑫 , 𝒈 𝒎𝟑  

 𝑰𝑹 = 𝟔𝝅 × 𝟏𝟎−𝟒  
𝚲𝝁+𝟏

𝚪(𝝁+𝟏)
𝑫𝝁𝐞𝐱𝐩 −𝚲𝑫 

𝑫𝒎𝒂𝒙

𝑫𝒎𝒊𝒏
∙ 𝑫𝟑𝑽(𝑫)𝒅𝑫 , 𝒎𝒎 𝒉  

 Water content:    𝑴 = 𝑵𝑻𝑰𝑴 ,    𝒈/𝒎𝟑                  

 Precipitation rate:   𝑹 = 𝑵𝑻𝑰𝑹 ,    𝒎𝒎/𝒉               

 

DSD Assumption 
 

Gamma distribution (NT/Nw and D0/Dm) 

Model and measured DSD 

𝑵 𝑫 = 𝑵𝒘𝒇 𝝁  
𝑫

𝑫𝟎
 
𝝁
𝐞𝐱𝐩 −𝚲𝑫 ,             𝒇 𝝁 =

𝟔 𝟑.𝟔𝟕+𝝁 𝝁+𝟒

𝟑.𝟔𝟕𝟒𝚪(𝝁+𝟒)
 

𝑵 𝑫 = 𝑵𝑻

𝚲𝝁+𝟏

𝚪(𝝁 + 𝟏)
𝑫𝝁 𝐞𝐱𝐩 −𝚲𝑫  

  

Scattering Parameter Dependence 

Snow b , s , e , g D, s 

Mixed-phase b , s , e , g , (fw , vm) D, h, s 

Rain b , b , b , g D, T 

Scattering Parameter Dependence 

Radar Radiometer 

Snow Ib , Ie Isca , Ie , Ig D0 , µ 

Mixed-phase Ib , Ie Isca , Ie , Ig D0 , µ, h 

Rain Ib , Ie Isca , Ie , Ig D0 , µ, T 

DSD-Integrated Scattering Table Outputs 

Single Scattering Table Outputs 

Examples of scattering tables and their documents are available at 

ftp://meso-a.gsfc.nasa.gov/betsy/lliao/scatteringTable/ 


