
 Plots of convective raindrop size samples (Fig 2) show a significant separation between the hail-producing events and events which did 

not include hail. 

No clear-cut winner in GOF, but beta and Weibull fits are outperformed by gamma and lognormal. 

As shown in Table 1, the gamma fits never had the worst GOF. The lognormal fits always had the highest number of “best GOF” samples, 

but for three categories had similar numbers of “worst GOF” samples. 
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 Direct measurements of rain DSDs were taken using a 

Parsivel disdrometer at the Badlands National Park in 

South Dakota in the summer of 2011.  

 The rain events were categorized as light, moderate, and 

heavy based on the rainfall rates.  Heavy events that 

included hail were considered an additional category.   

 Rainfall events were also classified as either convective or 

stratiform based on the radar data.   

 The fitting of selected functional forms (gamma, 

lognormal, beta and Weibull) for the DSDs collected and 

the estimation of their corresponding parameters was done 

using the modified maximum likelihood (MLE) method 

developed at SDSM&T.  

 An objective procedure for evaluating the goodness-of-fit 

of the different estimators is applied.   
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Goodness of Fit Calculation 

 

 Goodness of Fit:                               

  

 Oi = observed bin count 

 Ei = expected bin count from function fitting 
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Beta 

2.16 2.27 2.22 3.33 

30 68 16 1 

0 2 0 17 

 

Gamma 

2.10 2.12 1.89 1.97 

22 60 25 3 

0 0 0 0 

Log 

Normal 

2.62 2.53 2.61 1.39 

<51> <152> <30> <28> 

51 144 32 3 

 

Weibull 

3.12 3.08 3.27 3.30 

33 94 14 1 

85 228 53 13 
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Preliminary Findings 

Table 1:  Goodness of Fit Statistics 

Figure 1  Calculated average raindrop concentration vs. raindrop diameter, for the 41 

stratiform events during summer 2011.  The moderate stratiform events are shown in blue 

and the light events in magenta. 

 

Figure 2:  Calculated average raindrop concentration vs. raindrop diameter for the 36 

convective events during summer 2011.  Heavy rainfall events which had hail recorded  

are shown in red, moderate events without hail in blue and two moderate rainfall events 

that had hail in green. 

Figure 3:  Example of one-minute sample histogram  with fitted functions and  

corresponding GOF  values. 
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Functional Fits 

ˆ 1

Gamma Density function: µ-parameter estimates 

          Light, Moderate, Moderate, Heavy,  

          stratiform  stratiform convective with hail 

ˆ

Gamma Density function: λ-parameter estimates 

          Light, Moderate, Moderate, Heavy,  

          stratiform  stratiform convective with hail 

Lognormal Density function: µ-parameter estimates 

ˆ

          Light, Moderate, Moderate, Heavy,  

          stratiform  stratiform convective with hail 

Lognormal Density function: σ-parameter estimates 

ˆ

          Light, Moderate, Moderate, Heavy,  

          stratiform  stratiform convective with hail 

ˆ

Beta Density function: α-parameter estimates 

          Light, Moderate, Moderate, Heavy,  

          stratiform  stratiform convective with hail 

ˆ

Beta Density function: β-parameter estimates 

          Light, Moderate, Moderate, Heavy,  

          stratiform  stratiform convective with hail 

Weibull Density function: α-parameter estimates 

ˆ

          Light, Moderate, Moderate, Heavy,  

          stratiform  stratiform convective with hail 

Weibull Density function: β-parameter estimates 

          Light, Moderate, Moderate, Heavy,  

          stratiform  stratiform convective with hail 

ˆ


