
3. RESULTS 

Figure 2: Rain-Hail boundary line simulated by  
(Tolstoy et al. 2011).  

Several relations have been found (Bringi and 
Chandrasekar 2001) for f(Zdr) but none have been 
found for the tropics at X-band.  Sue et al. 2010 
described f(Zdr) for X-band in a temperate zone (also in 
Ma 2010, Ma et al. 2010). Another relation using X-
band radar data and/or disdrometer data, have been 
found for sub-tropical coastal environment (Tolstoy et 
al. 2011).  

This latter relationship was used to calculate HDR. The 
intention is to identify hail regions using the dual-
polarized data form the TropiNet further on than using 
Zdr in an inspecting way. This relation in equation 2 
was selected as it was found for the closest region to 
the tropical zone. Because of this, for the purpose of 
this research, only HDR≥10dB will be considered a ‘hail 
signal’.  

Figure 3: Reflectivity PPI scan 3 at degrees 
elevation on Sept 12, 2014 at 18:48 UTC.  

Figure 4: HDR result at 3 degrees elevation on 
Sept 12, 2014 at 18:48 UTC.  

Figure 6:  HDR contours over reflectivity ZH for the 
case presented.  

Figure 5: Figure 4 area zoomed in for the same 
case.  

2. Background and Methods 

Figure 1: TropiNet X-band Weather Radar Network located in western Puerto Rico’s coast.  

Hail events are fairly rare in the Tropics compared to higher altitudes.  But with the deployment of the TropiNet 
Dual-polarized Doppler weather radar, now is easier to detect, especially in western Puerto Rico where it is 
located.  Frisby (1964 and 1966) and Frisby and Sansom (1967) made the most complete survey of hail in the 
tropics by dividing it into zones.  They gathered data for many years from the literature and through extensive 
correspondence with individuals and meteorological services.  She found that in Zone 1, where Puerto Rico was 
located, hail principally falls in Spring, when there was the transition right before Summer; but specifically 
February through May.  This was consistent with correspondence with the NWS, who provided a list of 5 likely 
hail events in the west in a period of 4 months during 2012, but in 2013 four events were clearly identified in a 
period of 3 days in just the month of September.  The advantage of now having dual polarization data in high 
resolution and given the events frequency in western Puerto Rico we expect enough events to conduct an 
experiment analyzing the vertical structure of the storm using radar volume scans additional to the ones 
available.  

To examine hail development, reflectivity values higher than 55dBZ will be monitored and the ‘hail signal’, known 
as HDR in dB as defined by Aydin et al.1986, will be calculated using the following relation:  

The f(ZDR) depicts the rain-hail boundary line as shown in Figure 2. This relation is a function of frequency and 
region.  

HDR=Zh-f(ZDR)  

CASE 2: FUNNEL CLOUD OVER PR-2 ROAD, MAYAGUEZ, PR 
Sept 9th, 2014 AT 18:24 UTC 

Figure 8:  Reflectivity PPI scan at 3 degrees in elevation for the 
waterspout case on September 9th, 2014 at 18:24 UTC.  

Figure 8:  Doppler velocity values for the PPI scan presented in Figure 7. A waterspout was detected.  

Figure 9:  Doppler velocity values for the PPI scan 
presented in Figure 8. A waterspout was detected.  

Figure 10:  Reflectivity PPI scan from 
NEXRAD. Waterspout is not detected.  

Figure 11:  Reflectivity PPI scan at 3 degrees in 
elevation for the waterspout case on September 9, 2014 
at 18:48 UTC.  

Figure 12:  Doppler velocity values for the PPI 
scan presented in Figure 11. A funnel cloud was 
detected.  

CASE 3: WATERSPOUT IN  MAYAGUEZ, PR 
OFFSHORE 

Sept 9th, 2014 AT 18:48 UTC 

CASE 1: HAIL EVENT OVER AGUADA, PR 
Sept 12th, 2014 AT 18:48 UTC 

Figure 7: Picture of funnel 
Cloud over PR-2 road at 
Mayaguez, PR. 
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39.74 + 7.23ZDR 0.45< ZDR ≤ 2.8dB

60 ZDR > 2.8dB
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