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The multiplier in the power-law 

relations varies by an order of 

magnitude, no clear path how to 

chose optimal S(Z) 

Current state of radar snow estimates 

Multitude of S(Z) relations (Bukovčić et al. 2018) 
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Basic formulas 
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The multiplier in the S(Z) relation changes more than 

an order of magnitude because N0s varies by 4 

orders of magnitude 

Analysis of snow disdrometer data 

Snow rate  

Radar reflectivity 

Snow size distribution 

Snow density 

(frim is the degree of riming) 

Snow fall velocity 

Bukovčić et al. (2018) 
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Polarimetric algorithms for snow estimation  
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Specific differential phase 

Z is proportional to the 4th moment of snow SD whereas KDP is 

proportional to its 1st moment  

Shape factor 

Orientation factor 
Number concentration 

0t
( )N N D dD M 

Z is proportional to the 4th moment of snow SD whereas Nt is 

proportional to its 0th moment  
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Polarimetric relations for snow estimation  
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Current + future res, V3 

S(Kdp, Z)-based 

S(Z)-based 

Current + future research, V4 
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frim – riming degree, Fo & Fs – particle orientation & shape parameters, μ – PSD shape parameter,  

Nt – number concentration, p – atmospheric pressure, λ – radar wavelength  
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Polarimetric relations for snow estimation  
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frim, FoFs, and Nt can be retrieved at ASOS stations – snowfall rate + 

extinction coefficient σe needed!  

S, σe – ASOS 

Z, Kdp – radar 

Dm  = f(frim, μ, σe, Z) – mean volume diameter  

Nt  = 2f3(μ)σe/(πDm
2) 

We can use ASOS measurements to directly evaluate “goodness” of our 

relations – how much the best possible radar estimate deviates from the 

ASOS measurements of S 
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Example of frim and Fo*Fs retrieval  

Constant Fo*Fs factor deviates significantly from the retrieved Fo*Fs, potentially introducing large biases. 
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Evaluation of frim, Fo Fs, μ, and Nt effects on radar 

polarimetric snow rate (S, mm hr-1) relations 

Addition of dynamically estimated Nt, frim, Fo, 

and Fs introduces large improvement 

Underestimation due to low 

and erratic Kdp in aggregated 

snow 
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Addition of dynamically estimated Nt, frim, Fo, and Fs introduces large improvement. Adjusting μ 

from 0 to -0.6 in Sopt.(Kdp, Z) provides even better results for this event. 

Evaluation of frim, FoFs, μ, and Nt effects on radar 

polarimetric snow rate (S, mm hr-1) relations 
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Addition of dynamically estimated Nt, frim, Fo, and Fs introduces large improvement. Adjusting μ 

from 0 to -0.4 in Sopt.(Kdp, Z) provides even better results for this event. 

Evaluation of frim, FoFs, μ, and Nt effects on radar 

polarimetric snow rate (S, mm hr-1) relations 
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Addition of dynamically estimated Nt, frim, Fo, and Fs introduces large improvement. 

Evaluation of frim, FoFs, μ, and Nt effects on radar 

polarimetric snow rate (S, mm hr-1) relations 
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Huge overestimation 

due to anomalously 

high Kdp (or Nt)  

Addition of dynamically estimated Nt, frim, Fo, and Fs introduces large improvement. Adjusting μ 

from 0 to -1 in Sopt.(Kdp, Z) provides even better results for this event. 

Evaluation of frim, FoFs, μ, and Nt effects on radar 

polarimetric snow rate (S, mm hr-1) relations 
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Addition of dynamically estimated Nt, frim, Fo, and Fs introduces large improvement. 

Evaluation of frim, FoFs, μ, and Nt effects on radar 

polarimetric snow rate (S, mm hr-1) relations 
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Moving forward 

3 paths 

 
• Projection of polarimetric S estimates from DGL (-20ºC to -10ºC), where we 

have more reliable radar measurements of Kdp and estimates of Nt to the 

ground, using particle trajectories 

• Using ASOS estimates of frim, FoFs, and Nt from S and extinction to learn 

how to optimally adjust the multipliers of proposed relations, and expand 

information spatially 

• To use optimal S(Z) relation according to polarimetric classification 

(physically-based) instead of current regional dependence  
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