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Hail Size Discrimination Algorithm 

• Fuzzy logic scheme running on 

Hydrometeor Classification 

Algorithm (HCA) designations of 

‘Rain/Hail’ 

• Uses Zh, ZDR, ρhv and 6 different 

height layers relative to Tw = 0°C 

and -25°C to estimate hail size 

• 3 hail size classes 

• Small (D < 25 mm) 

• Large (25 mm ≤ D < 51 mm) 

• Giant (D ≥ 51 mm) 

• Tended to overestimate hail size 

and produce too large of areas for 

giant hail 

Described in Ryzhkov et al. (2013, JAMC) Polarimetric characteristics of melting hail. Part II: Practical implications 

Observed Distributions & HSDA Modifications 

1. Modification of membership functions 

2. Membership functions for ZDR as functions of Zh 

3. Adding a tunable ΔZDR parameter 

4. Weighting for each parameter for each height layer 

5. If a membership function for any parameter < 0.2, the 

aggregation value was set to 0 for that hail class 

6. If no hail size class aggregation value exceeded 0.6, 

‘small hail’ was assigned 

7. If ZDR ≥ 2 dB, ‘large hail’ and ‘giant hail’ were disallowed 

8. A despeckle method along each radial to downgrade 

isolated pixels designated ‘large hail’ or ‘giant hail’ 

Original HSDA 

HSDA 

(ΔZDR = -0.2 dB) 

6 April 2012 0011 UTC KHTX 

Giant hail false alarm area, a 

result of very high reflectivity, 

removed as a result of 

parameter weighting and ZDR 

threshold of large and giant hail. 

15 May 2013 2328 UTC KFWS 

Spatial coherency added to the 

HSDA designations by 

restricting aggregation values 

to a minimum threshold, ZDR 

threshold for large and giant 

hail, and by making ZDR 

membership functions 

dependent on Zh 

79 SHAVE operations 

3,257 total reports 

1,115 

1,150 

786 

206 

The Severe Hazards Analysis 

and Verification Experiment 

(SHAVE) calls members of the 

public thought to have received 

hail.  The data is collected at high 

spatial resolution with reports 

typically spaced ~2 km.  While 

locations and sizes are typically 

precise, temporal information is 

very imprecise. 

Data and Results Differential Reflectivity Considerations 

HSDA 

(ΔZDR = -0.5 dB) 

HSDA 

(ΔZDR = -0.2 dB) 

Original HSDA 

27 July 2014 1830 UTC KDTX 

Poor ZDR calibration was responsible for 

most misses for giant hail reports.  An 

analysis revealed that 119 of 204 giant 

hail reports had no HSDA designations of 

‘giant hail’ within 2 km.  The distribution of 

ZDR for these reports reveal large 

separation between the 2 groups.  The 

large number of calibration issues 

encountered dictated the inclusion of the 

ΔZDR parameter, which can help adjust 

for small ZDR calibration deficiencies. 

Skill Scores 

0.5° Tilt Skill Scores 

broken down by altitude and combined  

Reports were matched to HSDA 

designations within a 4 km by 4 km 

box centered on the report.  The 

matching was accomplished using 

the maximum designation, most 

common designation and a flexible 

method.  The flexible methods 

matched the report’s hail size class 

to the correct HSDA designation as 

long as there were enough pixels 

with the search box (default = 

common).  These methods help 

evaluate reports near gradients and 

the texture of the designations.  The 

modifications to the HSDA greatly 

reduced the FAR. 

Discussion 
Modifications to the original HSDA resulted in more visually coherent HSDA designations 

along with a large reduction in the FAR with only a slight reduction in overall skill.  The 

POD, and thus overall skill, may be artificially reduced due to poor ZDR calibration. In 

general, the HSDA should have a POD ~ 0.65 and FAR ~ 0.15 in future evaluations. 

 

Work is ongoing to better relate HSDA designations and polarimetric signatures aloft 

(altitudes above the melting level) to surface hail fall.   
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Since hail reports cannot 

be accurately matched 

temporally to radar data, 

multiple methods were 

used for matching.  All 

methods were based on 

the maximal reflectivity 

near the report location.  

Left, differences between 

the two of the methods.  

Lines are new ZDR 

membership functions. 

Height Classes: 

5: H > H(Tw = -25° C) 

4: H(Tw = -25° C) < H < H(Tw = 0° C) 

3: H(Tw = 0° C) < H < H(Tw = 0° C) - 1 km 

2: H(Tw = 0° C) - 1 km < H < H(Tw = 0° C) - 2 km 

1: H(Tw = 0° C) - 2 km < H < H(Tw = 0° C) - 3 km 

0: H < H(Tw = 0° C) - 3 km 

The vertical continuity of 

detection of hail seems to 

be good based upon visual 

inspection and calculated 

skill scores (see right, ‘Skill 

Scores’ box for more 

detail). 

30 June 2014 1854 UTC KDMX 

H(Tw = 0° C) = 3.82 km 

H(Tw = -25° C) = 8.23 km 


