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ABSTRACT 

 
 

DUAL-POLARIMETRIC RADAR CHARACTERISTICS OF CONVECTIVE-WIND- 
 

PRODUCING THUNDERSTORMS OVER KENNEDY SPACE CENTER 
 

by 
 

Cort A. Scholten 
 

Plymouth State University, December 2013 
 
 

 The dual-polarimetric upgrade of the Weather Surveillance Radar in 

Melbourne, Florida, has provided the opportunity to expand the study of 

thunderstorms over Kennedy Space Center and Cape Canaveral Air Force 

Station (KSC/CCAFS). This extends a series of previous climatological and radar 

studies of warm-season thunderstorms (May through September) over 

KSC/CCAFS, with the ultimate goal of improving convective wind warnings. 

 With the ability now to measure relative horizontal and vertical dimensions 

of hydrometeors and their conforming behavior within a radar pulse volume, 

interpretations can be made about the type of precipitation and therefore some 

intra-storm dynamics. Differential reflectivity (ZDR), correlation coefficient (ρHV), 

and specific differential phase shift (KDP) were the dual-polarimetric products 

examined. Studies have shown each of the three products exhibit signatures that 

correspond with precipitation-laden convective updrafts. The signatures of ZDR 

columns, ρHV melting layer lofting, and KDP columns were investigated within 

central Florida warm-season convection. ZDR columns and KDP columns occurred 



 xiv 

regularly in the convective cases studied. ρHV melting layer signatures were 

generally unable to be identified because of the chaotic and small-scale nature of 

the minimally sheared convection. Except for occasional reductions in ρHV values 

within hail cores, ρHV was not a reliable indicator of convective updrafts in Florida. 

 Twenty convective cells from 2012, identified as likely being responsible 

for near-surface wind gusts measured by the KSC/CCAFS wind tower network, 

were used to explore the relationship between the magnitudes of the radar 

updraft signatures and the strength of the peak wind gusts from the resulting 

downdraft. The maximum height and intensity of KDP columns, maximum height 

of ZDR columns, and maximum height of ≥ 50 dBZ reflectivity echoes during the 

cell’s life cycle were compared to the strength of subsequent wind gust. 

Correlations were very poor, with regression-squared values < 0.16, and some 

< 0.01. The reasons for poor correlations are numerous, and can be sorted into 

three main categories: (1) physical limitations and environmental condition 

uncertainties, (2) radar data quality and resolution challenges, and (3) errors from 

manual interrogation techniques. Despite the inauspicious results, a discussion 

of these challenges opens up many avenues for additional studies that focus on 

specific problems and use stricter constraints. 
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CHAPTER 1 

 

1.  Introduction 

 

a. Overview 

 Space launch operations from Kennedy Space Center and Cape 

Canaveral Air Force Station (KSC/CCAFS) are at the mercy of weather. Even in 

the weeks or months leading up to a launch date, accurate forecasting and 

nowcasting of the weather is critical to mission success at KSC/CCAFS. KSC 

and CCAFS are located adjacent to one another on the east coast of central 

Florida, an area well known as “Lightning Alley” with the highest lightning flash 

density in the U.S. (Fig. 1). Not only is KSC/CCAFS located in an area of very 

high lightning flash density, but lightning also has a high impact on space launch 

activities. Aside from the obvious risk to human life, direct strikes or induced 

electric currents from nearby strikes can damage expensive and vital 

components to ground systems, rockets, and payloads, if the threat is not 

forecasted and precautions are not taken (Roeder and Saul 2012, Huddleston et 

al. 2010). The possibility of tropical cyclones and their associated hazards exists 

every summer and fall in Florida. Any synoptic or mesoscale systems producing 

strong wind speeds must also be forecast carefully. Wind speed and wind 

direction tolerances can vary among launch customers depending on the 

structural integrity of space launch vehicles, location of the vehicles relative to 

launch pad structures that can reduce the wind, or the use of cranes to or hoist 

payloads or components of the space launch vehicles. 
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Figure 1. Annual mean cloud-to-ground lightning flash density for the contiguous 
United States, 1997-2007 (Vaisala 2013). The greater flash density located in the 
southeastern United States is at a maximum in central Florida, which earns it the 
nickname “Lightning Alley.” 
 

 Of the weather systems that can be a source of strong winds, 

thunderstorms are among the more common but less predictable. Within Florida, 

thunderstorms are indeed prevalent. This is especially true during the warm 

season (May through September), when moist tropical air masses, weak synoptic 

influences, and mesoscale boundary interactions often result in diurnally driven 

convection. Wet downbursts from these thunderstorms can create strong wind 

gusts, and while the wind fields produced are usually small-scale, with short 

durations of 5-10 minutes, they can have significant impacts on mission 

operations (Wilson et al. 1984). These downbursts can also occur suddenly, 

which also complicates issuing warnings. 

 The Air Force’s 45th Weather Squadron (45 WS) provides forecasts, 

advisories, warnings, and launch-weather support to KSC/CCAFS. Convective 

wind warnings are the second most common type of warning issued by 45 WS, 
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after lightning (Loconto 2006). The 45 WS typically issues over 175 convective 

wind warnings per year. The warning requirements for convective winds along 

with their desired lead times are shown in Table 1. For the safety of outdoor 

operations, the desired lead times are 30 minutes or greater, which is relatively 

long compared to the typical rise time of deep convection and its subsequent 

downdrafts in Florida during the summer, a process on the order of 103 s 

(approx. 25 min; Doswell 2001). Some of the convective wind warning desired 

lead-times for 45 WS are 60 min, which is similar to the lifetime of a summer 

thunderstorm cell in Florida. This entails a significant forecasting challenge. A 

well-maintained squall line could offer the desired lead-time, but the typical 

warm-season convective mode featuring irregularly propagating pulse 

thunderstorms often will not. The challenge of forecasting convective winds from 

pulse thunderstorms and attempting to satisfy the desired lead times can result in 

a high false-alarm rate. This leaves a lot of room for improvement in warning 

techniques. 

 
Table 1. 45 WS convective wind gust warning requirements, from Loconto 
(2006). The 60 kt criterion was discontinued since Loconto (2006). Patrick AFB 
requirements not shown but include other requirements related to convective 
winds such as gust spread and low-level wind shear. 
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 As an extension of the work started by Harris (2011), this study evaluates 

the applicability of dual-polarimetric (often abbreviated as dual-pol) radar data to 

convective wind forecasting. The January 2012 dual-polarimetric upgrade of the 

National Weather Service’s Melbourne, Florida, radar (KMLB) provides new 

opportunities to investigate thunderstorm structure and evolution over 

KSC/CCAFS. 

 

b. Background 

 1) PREVIOUS RESEARCH 

 (i) Microburst knowledge 

 Thunderstorms are produced by deep, moist convection, a process to 

restore stability in the atmosphere. Warm, moist air rises and cools, creating 

clouds and precipitation. In turn, cool air aloft may sink and warm, losing its 

negative buoyancy and momentum. Some of the precipitation may also melt at 

higher levels and evaporate on the way down, cooling the air from latent cooling 

due to the phase change of water. Under the right conditions, enough of the 

downward momentum of air may survive and reach the ground to be a wind 

hazard. A divergent horizontal wind field can be produced in this situation. This is 

commonly referred to as a downburst, with sub-classifications of macroburst and 

microburst depending on the size of the horizontal wind field it generates. 

Downbursts are a significant hazard associated with certain environments 

containing deep, moist convection. The strongest downburst gust recorded in the 

United States was approximately 130 kt on 1 Aug 1983 at Andrews AFB, and it 



 5 

occurred just 7 minutes after Air Force One landed with President Reagan on 

board (Fujita 1985). 

 Distinctions must first be made between updraft and downdraft instability, 

as the two are not well correlated. Updraft instability is associated with positive 

buoyancy, a result of a parcel being warmer than its surrounding environment. 

Steep environmental lapse rates will ensure a saturated parcel remains unstable 

as it rises and cools moist-adiabatically through the troposphere. Adequate 

moisture near the surface is therefore also important for updraft instability. 

Downdraft instability is associated with negative buoyancy. A downdraft parcel 

which is cooler and/or drier than its surrounding environment will continue to 

accelerate downward, and is said to have downdraft instability. Unlike updraft 

parcels, which are virtually always saturated once they reach the mid-levels of 

the troposphere, downdraft parcels can be either saturated or unsaturated once 

they reach the surface. The primary mechanisms for initiating and enhancing 

downdrafts are evaporational cooling and precipitation loading. Mid-level dry air 

entrainment into a convective cloud, evaporation of hydrometeors, and steep 

sub-cloud environmental lapse rates are important for downdraft instability. 

Evaporational cooling may be supplemented by cooling from melting and 

sublimation. Srivastava (1987) suggests that this supplemental cooling may be 

important in allowing the downdraft to sustain itself over larger depths, making it 

more likely to reach the ground. Since conditions for unstable updrafts do not 

necessarily coincide with conditions for unstable downdrafts, parameters and 
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indices which indicate updraft instability will not be reliable predictors of 

downdraft instability (Johns and Doswell 1992, Doswell 2001). 

 Fujita (1981) first defined a microburst as a downburst with characteristic 

scale between 1 and 4 km, with either straight or curved, but often divergent, 

airflow. He noted that some microbursts could be produced by small convective 

showers with rain or virga. The definition of microburst was revised and 

expanded since then. It was discovered early on that some microbursts could 

exist with little to no precipitation reaching the ground, which were named “dry 

microbursts,” and others could be associated with heavy precipitation reaching 

the ground, called “wet microbursts.” A third category, “hybrid microbursts,” 

combine characteristics of both the dry and wet microbursts. 

 Dry microbursts were defined to be associated with little or no precipitation 

reaching the ground and high cloud bases, and are more common in the High 

Plains near the Rockies and the Desert Southwest. Dry microbursts are driven 

primarily by evaporational cooling of precipitation falling below the high cloud 

base into dry air. 

 Conversely, wet microbursts were found to be associated with heavy 

precipitation and low cloud bases, and are dominant in more humid regions like 

the Southeast United States (Atkins and Wakimoto 1991). Wet microbursts are 

also driven primarily by evaporational cooling, but unlike the dry microburst, this 

occurs when relatively dry environmental air is entrained into the storm. 

Precipitation loading, where the weight of the hydrometeors is suspended by a 

strong updraft, also contributes to the downdraft in wet microbursts. If the updraft 
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ends quickly, the hydrometeors descend rapidly, dragging air with it, adding to 

the downdraft. 

 A third classification of hybrid downbursts has been used to describe 

microbursts events that had some blend of wet and dry characteristics (Ellrod 

1989). They may have medium-high cloud bases, a dry sub-cloud layer, and a 

midlevel moist layer like a dry microburst environment. There may also be dry 

layer entrainment into the cloud and moderate-heavy rainfall rates at the surface, 

like a wet microburst. By combining both downdraft mechanisms, these may 

produce the strongest downbursts. Studies of the Southern Plains have found a 

number of cases of hybrid microbursts (Read et al. 1987). Representative 

soundings for the 3 microburst types are shown in Fig. 2. 

 

Figure 2. Representative soundings for dry, hybrid, and wet microburst 
environments (Ellrod 1989). 
 

 The climatology of downbursts across the CONUS is shown in Fig. 3. A 

local maximum of convective winds across central Florida in Fig. 3 corresponds 

with the thunderstorm maximum in that area. This includes locations near the 

spaceport at KSC/CCAFS. The winds are usually less than 50 kt (Plymouth State 

University Meteorology 2013a), though they can still be important to operations at 

KSC/CCAFS given their sensitivity to these winds and their convective wind 
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warning requirements (Table 1). For example, 37.3% of the convective periods at 

KSC/CCAFS meet their ≥ 35 kt warning requirement.  While this is less than half 

of the events, it is often enough to significantly affect the decision to issue or not 

issue a warning, because while a false alarm may be bad, a missed warning is 

much worse. 

 

Figure 3. Annual frequency any convective wind gust within an 80 km grid 
square, based on data for the period 1980-1994 (Doswell and Bosart 2001). 
 

 Using observations from the Joint Airport Weather Studies (JAWS) 

project, Srivastava (1985) used a one-dimensional, time-dependent model to 

show how downdrafts could be created entirely through evaporation. Raindrops 

introduced at a given height, simulating the cloud base, fell through a 
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subsaturated layer and evaporated, which cooled the parcel. Intense downdrafts 

were favored when sub-cloud environmental lapse rates approached dry 

adiabatic, rainwater mixing ratios at the cloud base were high, and downdraft 

radii were a minimum of 1.0 km. Observations from the JAWS Project in 

Colorado agreed with these expectations, especially with how dry-adiabatic 

environmental lapse rates favor dry microbursts even with little rainwater 

(Srivastava 1985, his Fig. 8). 

 Srivastava (1987) then introduced ice into his model to investigate the 

contribution of melting to downdraft instability. It was found that an ice particle 

took less depth to melt completely in high relative-humidity conditions, due to the 

latent heat released by condensation of water vapor onto the melting particle. He 

concluded that even though the latent heat of vaporization is several times 

greater than the latent heat of fusion, melting could still help drive a downdraft. 

(As discussed previously, as downdrafts descend they usually rapidly lose 

significant downward momentum due to compressional heating and the resulting 

gain in positive buoyancy—any additional cooling can be essential to the 

downdraft surviving to reach the surface and become a downburst.) A mass of 

hydrometeors that melts completely in a given layer could cool the environment 

as much as a mass of hydrometeors that does not evaporate completely in a 

similar layer. He noted again that the probability of a downburst increased with 

increased environmental lapse rates, but that precipitation amount, precipitation 

in the form of ice, and a relative abundance of small hydrometeors were also 

functions in generating strong downbursts. 
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 The sub-cloud environmental lapse rate is an important factor in 

maintaining downdraft strength. In the absence of cooling from precipitation, a 

dry downdraft may only descend a couple of kilometers before compressional 

warming causes the downdraft parcel to lose its negative buoyancy. When 

environmental lapse rates between the cloud and the surface are less than dry 

adiabatic, additional negative buoyancy can be supplied through the sublimation, 

melting, and evaporation of hydrometeors. This can help a downdraft survive its 

descent long enough to reach the ground and become a downburst. On fairly 

uncommon occasions, a phenomenon known as a heat burst can occur when a 

dry downdraft has enough momentum to penetrate a stable surface layer and 

reach the ground before buoyancy has a chance to stop its downward motion—

the parcel overshoots its downward equilibrium level. A heat burst at the surface 

is associated with a rapid increase in temperature, a rapid decrease in dew point, 

and gusty or damaging winds. Heat burst cases are found more often in the 

Plains where dry downburst environments are more common, and a number of 

heat bursts occur at night when there is a shallow, stable nocturnal surface layer. 

If a dry downdraft does not penetrate the stable layer near the surface, a mid-air 

microburst may occur (Johnson et al. 1989), or the downdraft, having overshot its 

equilibrium level, will quickly decelerate and return upward. 

 A well-observed microburst in southern Florida during the Florida Area 

Cumulus Experiment (FACE) provided a great opportunity to understand wet 

microbursts in a tropical airmass. Caracena and Maier (1987) found that an 

elevated dry layer was present above 500 mb, overlying a nearly moist-adiabatic 
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lower layer. There was also a shortwave trough approaching from the north-

northeast, increased shear in the lower troposphere, and boundary-layer forcing 

from the lake breeze front off of Lake Okeechobee. To model the FACE 

downdraft’s origins from the dry air layer, they set the downdraft to initiate at 400-

600 mb, and it began to sink freely with negative buoyancy at 620 mb. For this 

microburst, the precipitation drag at the surface was about an order of magnitude 

less than the negative buoyancy from evaporative cooling, in terms of equivalent 

temperature perturbation. However, in the absence of dry air aloft, it was 

hypothesized that very heavy rain producers (254 mm h-1) might still be able to 

create water-loaded downdrafts. 

 Caracena and Maier (1987) also described a forecasting problem: large-

scale processes set the stage for microbursts, but the potential is released by 

convective-tower-scale processes. Mesoscale environments may vary over short 

times and distances, especially in Florida. This creates a nowcasting challenge, 

where some convective towers may be in an ideal mesoscale environment for 

microbursts, and other similar convective towers might not—one thunderstorm 

might create a downburst, but a thunderstorm adjacent to it may be in a slightly 

different ambient environment and not produce a downburst, or that 

thunderstorm may be at a different stage of its lifecycle and not produce a 

downburst at that time. The FACE microburst process began with convection 

generated by boundary convergence, which was cut off by the ingestion of cold 

outflow into the strong updraft. The resulting rapid collapse of a water-loaded cell 
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from an elevated layer with low equivalent potential temperature unleashed a 

potentially cool downdraft parcel which descended to the surface. 

 The Microburst and Severe Thunderstorm (MIST) field project in northern 

Alabama produced additional insight into the behavior of wet microbursts in the 

southeastern United States. Atkins and Wakimoto (1991) showed how using 

vertical profiles of θe was a useful forecasting tool. A typical afternoon microburst 

environment exhibited a surface-to-mid-level Δθe of at least 20 K. Null days had 

Δθe of 13 K or less. Analysis of dual-polarimetric Doppler radar data showed that 

the upper portion of the core of microburst storms consistently reached the dry 

layer and was largely composed of ice. As the core collapsed, convergence 

signatures in Doppler radar velocities suggested that environmental air was 

being entrained into the core. The results of the MIST project were adapted by 

45 WS and the Applied Meteorology Unit into the Microburst-Day Potential Index 

(MDPI; Wheeler and Roeder 1996). They found that a Δθe of 30 K between the 

boundary layer and middle layer worked best for predicting the occurrence of 

significant downbursts in the KSC/CCAFS area, in contrast to the 20 K threshold 

found by the MIST project in northern Alabama. They normalized this θe 

difference by 30 K to make the key value of MDPI = 1, for easy memorization by 

operational forecasters. 

 Doppler and dual-polarimetric radar measurements of microburst-

producing storms in Amazonia led Atlas et al. (2004) to several conclusions. 

They suggested that only modest size hail (up to 0.8 cm) in large concentrations 

that melt aloft can produce wet microbursts. If there is also a very narrow 
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distribution in the sizes of hailstones, the melting layer would be more confined, 

as would the generation of negative buoyancy, and the microburst would be 

more intense. 

 

 (ii) KSC/CCAFS convection climatology 

 The dense network of wind observation instruments installed at 

KSC/CCAFS provides terrific opportunities to study convective winds. A study to 

select the most useful and reliable wind measurements by Koermer and Roeder 

(2008) determined that 82 anemometers on 36 towers across the 30 km × 40 km 

area in and around KSC/CCAFS could be used to develop a microburst 

climatology. The Space Shuttle Landing Facility (KTTS) and the CCAFS Skid 

Strip (KXMR) also provide surface observations. The locations of the weather 

towers are shown in Fig. 4. 

 Climatological studies of convective winds at KSC/CCAFS have yielded 

useful results. An initial study of warm-season microbursts at KSC/CCAFS for the 

years 1995-1998 found that the majority of microburst winds were between 25 

and 44 kt. Most of these microbursts occurred between 1600 and 2200 UTC (12 

PM and 6 PM EDT). The spatial distribution of these microbursts was clustered in 

certain areas, perhaps an effect of daily sea breeze and river breeze interactions 

(Sanger 1999). 

 The climatology’s annual record was greatly extended and data were 

subjected to more stringent quality-control in several projects (Loconto 2006, 

Cummings et al. 2007, Dinon et al. 2008, Ander et al. 2009, Laro 2011, Laro 
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2012, and Lupo 2013). Numerous potential correlations were explored between a 

number of discriminators, which include microburst frequency and strength, 

altitude, time of day, month, year, synoptic flow regime, and more. The results 

are freely available online through Plymouth State University (available online at 

http://vortex.plymouth.edu/conv_winds/). 

 

Figure 4. Locations of KSC/CCAFS wind towers, KTIX, KTTS, and KXMR. Data 
from the black numeric identifiers were used in Koermer and Roeder (2008). The 
inset map with a red star shows where in Florida KSC/CCAFS is located (from 
Harris 2011). 
 

 (iii) KSC/CCAFS radar studies 

 Various radar studies of warm-season KSC/CCAFS thunderstorms have 

been accomplished. Loconto (2006) found a 58% correlation between vertically 

integrated liquid (VIL) and the magnitude of the cell’s peak wind, and also a 51% 



 15 

correlation between a cell’s maximum reflectivity (Z) and the peak wind. He also 

found that in general, Z-cores above the ambient freezing level are characteristic 

of storms with stronger wind gusts, typically ≥ 45 kt. These conclusions are 

largely in good agreement with the notion that hail should be present in storms 

with the strongest microbursts. 

 Rennie (2010) noted, however, that the warning techniques that could be 

derived from Loconto (2006) would have too low a probability of detection and 

too high a false alarm rate. Regardless, he did find that VIL, maximum Z, and 

boundary interactions were good discriminators in a statistical decision tree. 

Storms triggered by sea breeze or outflow boundaries did have a higher 

likelihood of producing strong winds. 

 

 2) DUAL-POLARIMETRIC RADAR 

 (i) Overview 

 Many conventional weather radars, including the Weather Surveillance 

Radar–1988 Doppler (WSR-88D), transmit horizontally oriented microwave-band 

pulses and receive horizontally oriented backscatter to determine precipitation 

intensity. Dual-polarimetric radars can utilize both horizontally and vertically 

oriented pulses and backscatter (Fig. 5). However, this explanation and the figure 

are a simplification. There are a number of different ways to design a dual-

polarimetric radar, two of which are discussed here. 

 Alternating the transmission of horizontal and vertically polarized pulses is 

one technique that is often used in basic explanations and figures. It involves 
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Figure 5. A basic comparison of conventional versus dual-polarized radar. The 
red and blue waves represent horizontal and vertical pulses, respectively (Radar 
Operations Center, cited 2012). 
 

transmitting a horizontal pulse and receiving the horizontal backscatter, then 

transmitting a vertical pulse and receiving the vertical backscatter. The reception 

of pulses in the same polarization as those transmitted gives this technique the 

advantage of maximizing the potential strength of the returned signal. However, 

the need for an expensive hardware switch and longer data acquisition times 

make this technique undesirable for the WSR-88D network (National Oceanic 

and Atmospheric Administration 2007). 

 The alternative is to do a simultaneous transmission and reception of 

horizontally and vertically polarized signals. This can be abbreviated as SHV or 

STAR. Some radars do this with two receivers and two transmitters. Others do 

this with one transmitter by splitting the signal into both horizontal and vertical 
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polarization. The WSR-88D system takes a somewhat different approach. It 

transmits signals at a 45° polarity and receives depolarized horizontal (0°) and 

vertical (90°) signals. There is a 3 dB loss of sensitivity that comes with SHV 

signal splitting, but signal processing techniques can recover most of this loss 

(Ivić et al. 2009, Melnikov and Schlatter 2011). This method has shown to be a 

viable and less expensive method for operational use. Radars utilizing SHV can 

calculate every dual-polarimetric product except linear depolarization ratio 

(Rinehart 2010, Doviak et al. 2000). 

 

 (ii) Products 

 The amount of power returned to a dual-polarimetric radar is still 

dependent on physical properties such as size and wetness the target, and the 

conventional base moments of reflectivity (Z), radial velocity (VR), and spectrum 

width (w) are still available. Dual-polarimetric radar’s ability to compare the 

strength of vertical and horizontal return signals means the user must now be 

more aware of how a target’s major axis can be oriented horizontally, vertically, 

or some combination thereof, as the horizontal or vertical power returned 

depends on the average horizontal and vertical dimensions of targets within a 

range bin. By measuring strength and phase differences in the vertical and 

horizontal returns, several dual-polarimetric products can be derived. In his book, 

Rinehart (2010) gives the definitions and equations for these dual-polarimetric 

products. Differential reflectivity (ZDR), correlation coefficient (ρHV), and specific 

differential phase (KDP) are discussed here. 
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 ZDR is the reflectivity depolarization ratio, defined as 

𝑍𝐷𝑅 = 10 log10 (
𝑧𝐻

𝑧𝑉
) 

where z
H
 is the horizontal reflectivity factor and z

V
 is the vertical reflectivity factor. 

For reflectivity measured logarithmically, ZDR is much simpler: 

𝑍𝐷𝑅 = 𝑍𝐻 − 𝑍𝑉  . 

The units of ZDR are dB. Typical values of ZDR for various targets are shown in 

Fig. 6. In general, most targets in the atmosphere are larger in horizontal 

dimension than vertical. Raindrops and water-coated ice, due to aerodynamic 

forces, will be wider on the horizontal axis. The returned power z
H 

will then be 

greater than z
V 

, so ZDR will be greater than zero. Larger-diameter raindrops will 

also have larger ZDR. Spherical objects such as drizzle, and objects that appear 

spherical on average such as dry, tumbling hail, will have ZDR near zero. Objects 

which are oriented vertically will have ZDR less than zero. 

 

Figure 6. Typical values of ZDR for meteorological and non-meteorological 

targets (Warning Decision Training Branch 2013). 
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 The co-polar correlation coefficient is given by 

𝜌𝐻𝑉 =
〈𝑠𝑉𝑉𝑠𝐻𝐻

∗ 〉

〈|𝑠𝐻𝐻|2〉1/2 〈|𝑠𝑉𝑉|2〉1/2
 , 

where s and s* are scattering matrices and subscripts H and V represent the 

transmitted and received polarizations for horizontal and vertical signals, 

respectively. This is a unitless measurement, and it represents the similarity of 

targets within a pulse volume from pulse to pulse. Values approaching 1.00 

indicate increasing uniformity of targets. ρHV is in general a good discriminator 

between meteorological and non-meteorological targets, as can be seen in Fig. 

7. Values less than 0.80 or 0.85 usually come from non-meteorological targets 

such as ground clutter, tornado debris, and biological organisms. Among 

meteorological targets, values between 0.85 and about 0.97 represent non-

uniform or mixed-phase hydrometeors, whereas values above 0.97 represent 

uniform hydrometeors. While it is mathematically impossible to obtain values 

greater than 1.00, signal processing algorithms can assign values > 1.00 to 

represent untrustworthy ρHV values within a weak signal. 

 To understand specific differential phase KDP, one must understand 

differential phase ΦDP. It is first important to note that the speed of light is not 

exactly constant. Electromagnetic radiation travels slower through the 

atmosphere than it does through a vacuum, and slower through water and ice 

than it does in the atmosphere. Since large raindrops are oriented horizontally, a 

horizontally polarized radar signal will be slowed down more than a vertically 

polarized signal. Over a large-enough distance out and back to the radar, in  
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Figure 7. Typical values of ρHV for meteorological and non-meteorological targets 

(Warning Decision Training Branch 2013). 
 

heavy-enough rain, the horizontal signal will begin to lag behind the vertical 

signal. The effect of a slight change in wave phase between the two signals is 

what dual-polarimetric radars can measure. The lag is called the differential 

propagation phase, or differential phase. Its units are in terms of degrees (°), and 

it is defined by 

𝛷𝐷𝑃 = 𝛷𝐻𝐻 − 𝛷𝑉𝑉 , 

where the subscripts on the right-hand terms represent the polarization of the 

received and transmitted signals, and H and V represent horizontal and vertical 

polarizations, respectively. The value of ΦDP is at some specific range in space. 

 Because ΦDP is cumulative down-radial from the radar transmitter (see 

Fig. 8), it is not particularly useful operationally. To make it useful, a range 

derivative of ΦDP (the differential of ΦDP with respect to a differential distance 

along a radial from the radar site) is taken, defined as 
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𝐾𝐷𝑃 =
𝛷𝐷𝑃(𝑟2) − 𝛷𝐷𝑃(𝑟1)

2(𝑟2 − 𝑟1)
 , 

where r1 and r2 are the given range distances from the radar site. This is the 

specific differential phase. It is measured in degrees per kilometer (° km-1). In Fig. 

8, areas of large KDP values are shown in locations where ΦDP increased rapidly 

down-radial. KDP is an excellent discriminator of heavy rain against all other 

targets (Fig. 9). KDP is maximized when large-diameter raindrops exist in high 

concentrations within a volume. Melting ice particles which are encased within a 

thick liquid shell will take the shape of a large raindrop and can also lead to high 

KDP. The ability for KDP to discriminate between large raindrops in high 

concentrations and large hailstones in low concentrations, where Z would be 

essentially the same in both cases, is a promising prospect for the improvement 

of rainfall estimations by radar. As a downside, in areas with non-meteorological 

targets, or with meteorological targets comprising of ρHV < 0.90 several range 

bins in length, ΦDP becomes noisy and unreliable. KDP is not computed in these 

situations, and a “black hole” is left in the data field. 
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Figure 8. Example of the relationship between Z, ΦDP, and KDP. Images obtained 

from the Vance Air Force Base WSR-88D (KVNX; located at the red dot in the 
lower-right of each image) at 0018 UTC, 01 May 2012. 
 

 

Figure 9. Typical values of KDP for meteorological and non-meteorological targets 

(Warning Decision Training Branch 2013). 
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 (iii) Meteorological features 

 The use of dual-polarimetric radar makes it possible to more easily identify 

certain hydrometeorological features. Some of the primary benefits expected 

from the upgrade to the WSR-88D network include improved rainfall estimations, 

better hail detection, tornado debris detection, and rain/snow discrimination 

(National Oceanic and Atmospheric Administration 2007). This thesis will explore 

other dual-polarimetric features commonly seen in thunderstorm updrafts: ZDR 

columns and KDP columns, as well as evaluate the applicability of ρHV updraft 

melting layer signatures (UMLS). 

 In a sustained convective updraft under the load of precipitation, raindrops 

can be lofted a considerable distance above the environmental 0°C level before 

they become frozen. This creates a “column” of ZDR values generally above 1 or 

1.5 dB, extending from the melting layer upwards into the sub-0°C environment 

(Fig. 10). Where an updraft is not present, frozen hydrometeors, such as hail and 

graupel, appear as ZDR less than about 1 dB. The usefulness of ZDR columns is 

being investigated for the development of updraft detection applications. These 

applications could be useful in nowcasting situations involving splitting storm 

cells, or even lightning prediction (Schultz et al. 2013). 
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Figure 10. Illustration of a theoretical ZDR column with expected values, shaded 

and annotated, as would be seen in a range-height cross section. Heights of the 
0°C and -20°C isotherms are shown as blue lines. Elliptic shapes represent 
hydrometeors, which are liquid below the melting layer, partially frozen within the 
ZDR column, and frozen elsewhere. Adapted from the Warning Decision Training 

Branch (2013). 
 

 Another signature noted in the presence of an updraft is a localized lifting 

of melting layer height. Shusse et al. (2011) found cases where a bright banding 

of decreased ρHV values associated with the melting layer were elevated within a 

convective updraft (Fig. 11). This was due at least in part by the uplifting of the 

0°C isotherm within an updraft, also depicted in Fig. 10. The diversity of 

hydrometeors and their behaviors in the melting layer caused ρHV to decrease to 

values near 0.93, whereas above and below the melting layer, ρHV values were 
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generally greater than 0.98. The effects of water-coated ice particles in the 

melting layer also causes a bright band of increased horizontal reflectivity (ZH) 

values, though this can only be clearly seen in stratiform precipitation regions. 

While the ρHV bright band is displaced upward in an updraft, it is displaced 

downward in a downdraft. Sinking cool air and cooling due to melting can 

depress the height of the 0°C isotherm and therefore the melting layer. Teshiba 

et al. (2009) observed such an event on radar. The potential applicability of 

updraft melting layer signatures (UMLS) was a primary focus in Harris (2011), 

where an attempt was made to correlate UMLS heights above ambient 0°C to the 

strength of subsequent microburst wind speeds at the surface. Though the 

results of Harris (2011) showed no correlation, a look into UMLS behavior over 

KSC/CCAFS will be conducted in the current study, for the sake of comparing 

Central Florida convection to the convection of the Plains. 

 

Figure 11. Updraft melting layer signature shown in a convective case. Shaded 
values of ρHV and contours of ZH. The stratiform region is marked with an S and 

the convective region is marked with a C. Adapted from Shusse et al. (2011), 
their Fig. 6. 
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 Because ZDR columns indicate the presence of supercooled raindrops, it 

follows that large values of KDP could also exist in this region of a storm. ZDR 

columns depend on horizontally oriented hydrometeors (large liquid droplets) to 

return a greater amount of horizontal radar power compared to vertical radar 

power. KDP columns depend on large liquid droplets, especially in high 

concentrations, to shift the wave phase of the horizontal radar signal away from 

the phase of the vertical signal. So, an updraft containing high concentrations of 

large supercooled droplets could produce both a ZDR column and KDP column on 

radar. Kumjian and Ryzhkov (2008) indeed found the presence of KDP columns in 

thunderstorm updrafts. Curiously, the centers of KDP and ZDR columns were 

found to be spatially offset from each other in both supercell thunderstorms and 

non-supercell thunderstorms within sheared environments, though KDP and ZDR 

columns can have significant overlap. After a cursory analysis of ordinary 

convective thunderstorms in low-shear environments (the characteristics of most 

summer thunderstorms in Florida), Kumjian and Ryzhkov (2008) noted that the 

centers of KDP and ZDR columns were collocated. Like a ZDR column, the 

presence of a KDP column above the 0°C level implies the eventual formation of 

hail from the freezing of supercooled raindrops. The resulting hail fallout and 

melting could serve to enhance the strength of a potential downdraft. 

Thermodynamic profiles notwithstanding, this hypothesis will serve as the basis 

for this study of KSC/CCAFS convection. 
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CHAPTER 2 

 

2.  Data and Methods 

a. Data 

 

 To test the use of polarimetric radar data in warm-season convection over 

KSC/CCAFS, Level-II radar data were examined from the National Weather 

Service’s (NWS) WSR-88D in Melbourne, Florida (KMLB). The data were 

downloaded from the HDDS Access System (National Climatic Data Center 

2013). The radar display program GR2Analyst (GRLevelX 2013) was used to 

visualize the data. With the dual-pol add-on license, GR2Analyst is capable of 

displaying polarimetric products from WSR-88Ds that have been retrofitted with 

dual-polarimetric capability. Version 1.92b of GR2Analyst was used for this 

study. That version added the capability of displaying dual-polarimetric products 

in the vertical cross section window, a strongly desired feature which was 

unavailable at the time to Harris (2011). A KDP calculation and display algorithm 

in GR2Analyst was also unavailable to Harris (2011), but is available in version 

1.92b. KDP joins ZDR, ρHV, and ΦDP in the suite of dual-polarimetric products 

currently available in GR2Analyst. 

 Convective events at KSC/CCAFS for 2012, as defined by Plymouth State 

University Meteorology (2013a), were already identified prior to this study. A list 

of the dates and times of convective events was provided, along with radar 

reflectivity imagery animations overlaid with the maximum peak wind gusts from 

wind tower network for each event (Plymouth State University Meteorology 
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2013b). This data source provided easily accessible and reliable information 

regarding KSC/CCAFS thunderstorms and their associated wind gusts. 

 The height of the 0°C level (melting level, ML) in relation to radar features 

is important for this study. There are a couple ways to obtain an estimated height 

of the ML. Soundings are launched daily at CCAFS Skid Strip (KXMR; WMO 

station number 74794), valid for 10 UTC (05 LST). This may not be the most 

desirable time for sounding data, as the height of the ML can vary diurnally. On 

anticipated active weather days, KXMR launches special soundings valid for 15 

UTC. Alternatively, soundings from the hourly initializations of the Rapid Refresh 

model (RAP) can be obtained. It is worth noting that GR2Analyst automatically 

downloads the heights of the ML (0°C) and the -20°C level from the RAP when it 

polls live data. It indicates these levels in vertical cross sections with yellow and 

red lines, respectively, on the height axis. However, this feature is not available 

when displaying archived data from the National Climatic Data Center, unless 

GR2Analyst had previously downloaded the heights during live polling. These 

heights are valid for KMLB and not KXMR when downloaded in GR2Analyst. 

 The 10 UTC soundings from KXMR were used as “truth” for the 0°C 

and -20°C heights for a convective event, due to their availability and the general 

reliability of in-situ sensed data. Actual soundings were obtained from the 

University of Wyoming website (University of Wyoming 2013). The heights of the 

two temperature levels were rarely explicitly listed, so the heights were estimated 

by interpolation and rounded to the nearest factor of 100 ft. For comparison 

purposes, a cursory investigation of the 15 UTC and RAP model soundings was 
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done when the data were available. The latitude/longitude location used for RAP 

soundings corresponded to the location of the Skid Strip: 28.47°N, 80.57°W. This 

thesis will determine whether differences in the estimated temperature level 

heights were more significant than the potential error in estimated radar scan 

heights. 

 

b. Methods 

 Because of the variable propagation patterns and chaotic nature of Florida 

warm-season convection, the primary challenge was to associate each 

convective wind gust with a particular cell and track the cell back in time to 

investigate its updraft. In multicellular convective events, it was more difficult to 

track salient radar features back in time from the location of strongest wind gust. 

A conventional radar product like reflectivity would prove to be more difficult in 

these situations, as reflectivity does not easily shed insight into the dynamics 

within the storm beyond just showing hail reflectivity cores suspended aloft by an 

updraft. Fortunately, polarimetric products, ZDR and KDP in particular, were found 

to be very useful in identifying updrafts with ZDR columns and KDP columns. 

 The noise associated with ρHV, which is further discussed in later sections, 

was a hindrance in many cases. The lack of a definitive UMLS in a number of 

cases, and even the lack of an undisturbed stratified melting layer signature, 

prevented this study from using ρHV and the UMLS as the primary feature of 

analysis, as it was in Harris (2011). Instead, this study focused on the more 

common ZDR and KDP columns. Information provided by ρHV was still used to aid 
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in the interpretation of radar data, to ensure the radar echoes were from 

hydrometeorological sources (exhibiting high ρHV). 

 Using GR2Analyst’s ability to display radar data from user-selected tilt 

angles in a plan position indicator (PPI) view, and estimate the height of the radar 

beam above radar level (ARL) at a specific location using the cursor readout, 

storm features were tracked back through time from the point of strongest 

convective wind gust. ZDR (cross-referenced with Z and other products as a 

“sanity check”) was primarily used at high-enough tilt angles to search for ZDR 

columns, which in PPI appear as islands of positive dB values embedded within 

a uniform region of near-zero dB values. A ZDR column identified in a storm cell, 

upstream from the wind gust location in the 10-30 minutes before the wind gust 

was measured, implied the presence of an updraft lofting liquid hydrometeors 

above the ML. This would theoretically lead to the freezing of that supercooled 

liquid, and the subsequent fallout, melting, and environmental cooling to enhance 

the downdraft responsible for the strong surface winds. 

 The ZDR columns that were judged to have ties to the strong wind gust at 

the surface were then examined with the GR2Analyst vertical cross section tool. 

It was preferable to take cross sections along a beam radial, rather than across 

radials, because of the higher-resolution data it provided at KSC/CCAFS’s 

distance from KMLB. ZDR, KDP, and ρHV were examined in the radials that 

dissected the storm updraft to find the radial with the most significant ZDR column, 

KDP column, and possibly UMLS. For each radar volume scan time leading up to 

the associated wind gust, the maximum-extending heights ARL of the ZDR 
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columns and KDP columns were recorded, as was the magnitude of the maximum 

KDP value above the ML. The KDP column threshold value was set at ≥ 1° km-1, 

and the ZDR column threshold value was set at 2 dB. The ZDR threshold was 

intentionally set high because of the amount of noise associated with ZDR. ZDR 

values between 1 and 2 dB not associated with a ZDR column were fairly common 

above the ML. Ordinarily, a ZDR threshold of 1 or 1.5 dB would suffice to identify 

at ZDR column (Warning Decision Training Branch 2013). Additionally, to further 

reduce the potential for false positives due to noise, there needed to be two 

range bins, with values ≥ 2 dB, adjacent to each other within the same radial in 

order to be considered part of the ZDR column. The magnitude of the maximum 

ZDR value above the ML was not investigated due to the noisy quality of ZDR, 

which often led to poor vertical continuity of a ZDR column and sometimes solitary 

high-positive-value range bins which were disconnected from a ZDR column. 

Legacy products such as the maximum height of the 50 and 60 dBZ echoes were 

also noted. As in Harris (2011), the heights of these features above the ML, and 

their evolution over time, were examined to try to find patterns or correlations to 

the strength of the observed wind gusts. 

 During this process, a few lessons were learned regarding GR2Analyst’s 

operation, and are discussed in full detail for the benefit of the reader in Appendix 

A. Customized color schemes for Z, ZDR, KDP, and ρHV, were used, and they are 

defined and discussed in the appendix. Additionally, a background image of the 

wind tower network was utilized for the ease of tracking the correct cells in the 
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vicinity of certain wind towers. Finally, the ability to smooth and interpolate the 

data fields in GR2Analyst was a visually pleasant and helpful option, but it 

introduced some surprising challenges. 

 The results of this investigation, as well as the numerous sources of error, 

including beam spreading, noise in ρHV, and the dependency of ZDR and KDP on 

the quality of ρHV, are discussed at length in the upcoming sections. 
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CHAPTER 3 

3.  Results 

 In the warm season of 2012, there were a total of 61 convective periods 

identified by the Plymouth State University (PSU) meteorology group. Of those, 

20 cases from 12 days were found to be the most suitable for this study. Cases 

were those where updraft cells, which were isolated or embedded within a cluster 

or line, were traceable back in time from a measured wind gust with which they 

were likely associated. A table and graph for each of the 20 cases can be found 

in Appendix B. 

 Other convective periods were disregarded for a variety of reasons. A 

number were unsuitable due to a lack of a substantial (if existent) updraft core 

above the ML, which was usually associated with a lack of a significant recorded 

wind gust. Many of those periods had just a few radar range bins ≥ 40 dBZ in the 

0.5° elevation angle (enough to be identified a convective period by PSU) but 

often contained no significant updraft aloft. These were often small, modest 

convective showers or thunderstorms, or sometimes embedded convective 

elements within a large-scale, stratiform area of precipitation. Even the cells that 

did not miss wind towers completely produced winds of little consequence. 

Additionally, several good convective periods had to be ignored due to a lack of 

available radar data from KMLB. 

 Despite this, there were still plenty of significant convective episodes to 

investigate, many of which produced peak wind gusts ≥ 35 kt. However, a 

number of these episodes exhibited the typical Florida convective behavior: 
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multicellular complexes or conglomerates, with multiple updrafts and downdrafts 

occurring in close spatial proximity. These cases often had to be rejected due to 

the inability to isolate a particular updraft thought to be responsible for a 

downburst and wind gust. Sometimes it was apparent that a combination of gust 

fronts from two or more spatially distinct downbursts contributed to a recorded 

wind gust. Luckily, not all multicellular episodes were that problematic. Relatively 

isolated updrafts and subsequent downdrafts within a multicellular complex were 

found to be the likely cause of some recorded gusts, so these were able to be 

included in this study. 

 As done by Harris (2011), this study attempted to correlate dual-

polarimetric characteristics of updrafts to the strength of subsequent surface wind 

gusts. And in a similar vein, despite differences in the region of study and the 

dual-polarimetric features investigated, this study had little success in finding a 

direct correlation. 

 Harris (2011) analyzed 14 convective cases in the south-central Great 

Plains. He compared the UMLS (ρHV ~ 0.9 in an updraft-lofted melting layer) 

heights above the ambient 0°C level (ML) against wind gust speeds, and the 

heights of the ≥ 60 dBZ core above the UMLS against wind gust speeds (his Fig. 

5). The r2 values were 0.0071 and 0.0611, respectively, which implies there is 

nearly no correlation. 

 For this study, the UMLS was not investigated because of the general 

absence of these radar signatures in Florida convection (to be discussed in the 

following chapter). Instead, the wind gust speed for each storm was compared 
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against the maximum height of the KDP column, the maximum KDP intensity within 

the column, the maximum height of the ZDR column, and the maximum height of 

the ≥ 50 dBZ echoes. 

 

a. K
DP

 column height 

 The maximum extent of the KDP column above the height of the ML (Fig. 

12) is useful for determining how high significant amounts of liquid-coated 

hydrometeors are being lofted within an updraft. The author defined a KDP 

column as KDP values ≥ 1° km-1 occurring above the ML and collocated with 

relatively strong reflectivity values (generally ≥ 20 dBZ). Assuming similar 

environmental lapse rates above the ML in each case, a KDP column at a greater 

altitude above the ML could imply a stronger updraft. The linear best-fit curve is  

 

Figure 12. The maximum height obtained above the ambient ML by the KDP 

column during the updraft’s life cycle, versus the wind gust speed. Linear best-fit 
curve, regression-squared values, and 1σ error bars are shown. 
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nearly neutrally sloped, and the r2 value is a low 0.0061. This is virtually no 

correlation, and there are a number of reasons why. It should be noted that the 

moment of maximum KDP column height occurred at different lead times 

preceding the resulting wind gusts for different cases. In many cases, the KDP 

column was maximized in the earlier stages of the updraft-downdraft lifecycle. 

Sometimes, however, a case with a persistent updraft (propagating through 

space like a wave instead of a pulse) may have had its tallest KDP column occur 

at about any time relative to the wind gust. This brings up the discussion point for 

making the distinction between different types of convective modes and 

propagation patterns, which is further explored in the next chapter. 

 To see whether different lag times between the KDP columns and the wind 

gusts had better correlations, comparisons were made of the wind gusts vs. 

KDP > 1° km-1 heights for 1, 2, and 3 radar volume scans before the time of the 

gust. The time that elapses between the mature updraft stage, downdraft 

initiation stage, and downburst stage is assumed to be between 5 and 15 

minutes in most ordinary convective cells. Each volume scan from KMLB takes 

between 4 and 5 minutes to complete, so the most recent volume scan prior to 

the wind gust would be an equivalent lead time of 0-5 minutes (though the first 

volume scan was defined in this analysis as providing at least 1 minute of lead 

time). The second and third volume scans prior to the wind gust would therefore 

have equivalent lead times of 5-10 and 10-15 minutes, respectively. 

 Figs. 13a-c show the relationships between the wind gusts and the heights 

of KDP > 1° km-1 at volume scans 1, 2, and 3. 
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Figure 13a-b. The maximum height obtained above the ambient ML by 
KDP > 1° km-1, versus the wind gust speed, for (a) 1 volume scan prior to wind 

gust and (b) 2 volume scans prior to wind gust. Positive values imply a KDP 

column is present, whereas negative values imply no KDP column. Linear best-fit 

curve, regression-squared value, and 1σ error bars are shown. In 13(a), the 50 kt 
gust from 18 July is omitted due to radar data loss, and the 46 kt gust from 18 
September is omitted due to a complete dissipation of the cell by that time. 
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Figure 13c. The maximum height obtained above the ambient ML by 
KDP > 1° km-1, versus the wind gust speed, for (c) 3 volume scans prior to wind 

gust. Positive values imply a KDP column is present, whereas negative values 

imply no KDP column. Linear best-fit curve, regression-squared value, and 1σ 

error bars are shown. In 13c, the 26 kt gust from 12 July is omitted for lack of 
formation of the cell at the time, and the 50 kt gust from 18 July is omitted due to 
radar data loss. 
 

 Each of the above charts show a negative relationship but very poor 

correlation, with r2 of less than 0.16. A negative relationship, especially in the 1-3 

volume scans preceding a wind gust, may imply that storm cells which lose their 

KDP columns more drastically (through glaciation or core collapse) could be 

responsible for stronger wind gusts. However, this negative relationship may also 

be a product of an insufficient sample size, and meaningful conclusions cannot 
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5 minutes, with the highest wind gust occurring at any time within that window. 

Radar volume scan times are defined at the completion of the base scan (0.5° 

tilt). Since the radar does not scan the midlevels (containing ZDR and KDP 

columns) until a minute or two after the base scan, the true radar measurement 

times of storm features in the midlevels occur slightly after the nominal volume 

scan time. These hidden error sources, in addition to the 5-minute range of time 

which can contain the volume scan prior to the wind gust report, may have 

contributed somewhat to degrading the correlation. However, it is more likely that 

these errors are not chiefly responsible for the poor correlation. 

 The relationship between the maximum height of a KDP column in the 

storm’s life cycle, and the lag time between its volume scan and the wind gust, 

was also examined. Fig. 14a shows the relationship between wind gust speeds 

and the number of volume scans occurring between the maximized KDP column 

and the wind gust (volume scan = 1 is the most immediate volume scan prior to 

the wind gust). With r2 = 0.0398, there is essentially no correlation. Fig. 14b 

shows a similar non-correlated relationship between the maximum height of a 

KDP column and volume scan number, with r2 = 0.0025. Aside from the natural 

explanations which include the loosely connected updraft-downdraft relationship, 

and pulse vs. propagating updrafts, there is also an artificial explanation helps 

eradicate any potential correlations. In a number of cases, there were contending 

volume scans of similar KDP column heights, within a few hundred feet or less. 

This is due to the KDP column reaching the same radar scan angle from scan to 

scan, with the only difference in height derived from the slowly increasing height  
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Figure 14. (a) Wind gust speed versus the number of volume scans prior to wind 
gust that is the volume scan which contains the maximum height of the KDP 

column. (b) Volume scan number versus the maximum height of the KDP column. 

Linear best-fit curve, regression-squared value, and 1σ error bars are shown. 
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few thousand feet, not a few hundred. Essentially, the coarse vertical resolution 

of the WSR-88D KMLB radar created the opportunity for multiple volume scans 

per case to be candidates for containing the superior KDP column. In that 

situation, the volume scan which contained the KDP column at the farthest range 

from the radar was the one that had the highest height. 

 

b. K
DP

 column intensity 

 The maximum value of KDP within the KDP column’s life cycle (Fig. 15) 

denotes how significantly concentrated the large-diameter liquid hydrometeors 

are within the updraft. The best-fit curve is rather neutrally sloped, and the r2 

value is 0.0028, which implies a no correlation. Again however, because of the 

fairly small sample size, the results here may not be representative. Typically, the 

values of KDP within the column peaked in the early-middle part of the updraft- 

 

Figure 15. The maximum intensity of KDP obtained within the KDP column during 

the updraft’s life cycle, versus the wind gust speed. Linear best-fit curve, 
regression-squared values, and 1σ error bars are shown. 
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downdraft life cycle. The height at which these values were located, relative to 

the ML, was typically several hundred to a few thousand feet above the ML. The 

height of the radar beam centerline as it happened to be located above the ML 

seems to be the most important factor, though. The radar elevation angle which 

was the first angle above the height of the ML was almost always the one that 

contained the maximum KDP values in the column’s life cycle. This should not be 

surprising, though maybe a little misleading, since it is likely that a portion the 

beam power passed through the ML, scattering off the liquid-coated (melting) 

hail. Recalling Fig. 9, melting hail which is enveloped in a liquid shell tends to 

maximize KDP. This effect may only be partially responsible for the relatively low 

r2 value. Even so, considering how small, highly concentrated melting hailstones 

may be a significant component in maintaining a robust wet downdraft, the 

values of KDP in the ML indeed have the potential to be very important. 

 

c. Z
DR

 column height 

 The maximum height of a ZDR column above the ML (Fig. 16) adopts a 

similar hypothesis as a KDP column about the strength of an updraft, though a 

ZDR column does not need high concentrations of horizontally oriented 

hydrometeors in order to be maximized. Horizontally oriented hydrometeors must 

be the dominant type, but their concentrations can be low. As such, high ZDR 

values can coexist with low reflectivity values, while high KDP values generally 

cannot. ZDR can become quite error-prone and noisy in a field of low reflectivity. 
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ZDR columns, as an arbitrary definition, can have values ≥ 1 dB. To avoid issues 

with errors and noise, the author defined a ZDR column to have values ≥ 2 dB, 

with a width of at least two adjacent range bins along a radar beam radial 

(totaling 0.5 km wide). It should also be collocated with at least moderate 

reflectivity values, generally ≥ 20 dBZ, within the precipitation-laden lofted portion 

of a new updraft. 

 Defining a ZDR column as ≥ 2 dB might have been a bit limiting, and a 

definition of ≥ 1.5 dB may have been more suitable. The 2 dB threshold reduced 

the sample size from 20 to 19, eliminating the 26 kt case from 12 July. However, 

the main effect that this threshold had was to reduce the number of volume 

scans per case which had qualifying ZDR columns. Of the remaining 19 cases, 6 

cases contained at least one volume scan with no qualifying ZDR column but 

qualifying ZDR columns occurring before and afterward. Several other cases may 

have lost a qualifying ZDR column toward the end of their life cycles one or two 

volume scans earlier than otherwise. 

 The result of comparing maximum ZDR column height to wind gust speeds 

is shown in Fig. 16. There is a negative-sloping best-fit curve with an r2 value of 

0.0648, implying essentially no correlation. The negative relationship may again 

be due to the small sample size, and so these results may not be representative. 
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Figure 16. The maximum height obtained above the ambient ML by the ZDR 

column during the updraft’s life cycle, versus the wind gust speed. Linear best-fit 
curve, regression-squared values, and 1σ error bars are shown. A 26-knot wind 
gust case (12 July) is omitted as no ZDR column occurred as defined by the 

author (≥ 2 dB in two radially adjacent range bins). 
 

d. 50 dBZ height 

 Unlike in Harris (2011), which investigated the height of the ≥ 60 dBZ core 

above a UMLS, this study focused on the height of the highest ≥ 50 dBZ echo 

relative to the ML, since echoes of 60 dBZ are rather uncommon in Florida 

convection. Depending on the particular storm, even 50 dBZ echo volumes could 

be small and fleeting. The relationship between the maximum height of 50 dBZ 

and the subsequent wind gust ended up negatively sloped with an r2 value of 

0.033 (Fig. 17). As with the other radar variables investigated, there is essentially 

no correlation to wind gust speed, but the small sample size means that results 

may not be representative. 
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Figure 17. The maximum height obtained relative to the ambient ML by a 
≥ 50 dBZ echo during the updraft’s life cycle, versus the wind gust speed. Linear 
best-fit curve, regression-squared values, and 1σ error bars are shown. 
The -300 ft value is plotted correctly, as the only 50 dBZ echoes were below the 
ML for that case. 
 

 Most convective cases in Florida lasted about 15-30 minutes from updraft 

to wind gust. This is a shorter time span than what was observed by Harris 

(2011), who frequently encountered cells with a lifespan of 30-60 minutes. Harris 

also observed an oscillating behavior in the heights of the UMLS and reflectivity 

cores in about half of his cases. Most cells in Florida only had time to rise and 

then collapse, though the exact nature of each storm depended largely on its 

convective mode. Additional discussion about the complexities of Florida 

convection and comparisons to Harris (2011) can be found the following chapter. 
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CHAPTER 4 

4.  Discussion 

a. Comparison to Harris (2011) 

 One focus of this study was to build upon the work of Harris (2011) and 

compare his results from Kansas/Oklahoma convection to the results from 

Florida convection. Harris was limited in a number of ways, from the lack of KDP 

data and the lack of vertical cross sections of dual-polarimetric data, to the 

scarcity and questionable accuracy of wind gust reports. This current study 

luckily was not bounded by those limitations. Some of the findings of this study 

can also help explain some features which Harris had discussed. 

 Harris had a very small sample size of 14 thunderstorm cases, and 

primarily focused on two radar features in comparison to reported wind gust 

speeds. The first was the height of the UMLS above the ambient 0°C level (a low 

ρHV anomaly above the melting layer). Its relationship to wind gust speed (Harris 

Fig. 5a) was a slight negative correlation, though the paltry r2 value of 0.0071 

makes the best-fit regression line essentially meaningless. The second item he 

studied was the height of the ≥ 60 dBZ core above the UMLS. It had a slight 

positive relationship to wind speed (Harris Fig. 5b), though it too was rendered 

essentially meaningless by an r2 value of 0.0611. 

 Unfortunately, neither of these two features were sufficiently studied in 

Florida. UMLSs in Florida were scarce for a number of reasons. First, the 

spatially constricted and chaotic nature of most Florida convection often meant 

that there was little stratiform precipitation. This made it difficult for the radar to 
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establish a visually coherent ambient ML signature with ρHV (as seen in Harris 

Fig. 9). Second, the amount of noise in the ρHV field often hindered efforts to 

definitively find an UMLS (Fig. 18). Third, some storms, though apparently similar 

in many respects to other storms, would produce a core of low-ρHV anomalies 

associated with the hail core, while the other storm did not (Fig. 19). It seems as 

though the traditional UMLS does not exhibit itself frequently or is poorly 

exhibited in Florida. Low ρHV anomalies above the 0°C level may be primarily due 

to the presence of large hail mixing with other hydrometeors, rather than the 

more stratiform melting layer consisting of snow aggregates. 

 

Figure 18. Vertical cross section of a thunderstorm over the Shuttle Landing 
Facility on 5 June 2012, 1836 UTC. Noisy ρHV data and chaotic Florida 

convection makes it difficult to spot any definitive melting layer signatures, either 
a UMLS or an ambient or downdraft melting layer. 
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Figure 19. Vertical cross sections of two cells from 3 August 2012. The cell in the 
left half of the image is from 0247 UTC, and the cell on the right half is from 0306 
UTC. Both cells are fairly similar-looking in reflectivity, and both cells’ images 
were taken before their heaviest precipitation had reached the surface. The cell 
on the right has a significant core of low ρHV (yellow shades) collocated with the 

hail core, while the cell on the left has much less of an anomaly. 
 

 Analyzing ≥ 60 dBZ cores, as Harris did, proved also to be a challenge in 

Florida. Not all cells in this study reached 60 dBZ intensity. If a cell did reach 

60 dBZ, it was uncommon for there to be multiple adjacent ≥ 60 dBZ range bins. 

Usually, the Florida cells would reach between 50 and 60 dBZ intensity, while 

≥ 60 dBZ intensity was common in Great Plains thunderstorms studied by Harris. 

This is presumably due to Florida convection typically having smaller maximum 

hail sizes than Plains convection. As a result, this study had to focus less on 

UMLSs and ≥ 60 dBZ cores, and more on KDP columns, ZDR columns, and 

≥ 50 dBZ cores. 

 Harris then discussed how ρHV had to be cross-checked with Z to ensure 

an apparent UMLS was collocated with an updraft. He noted that a “false UMLS” 

would sometimes appear in a low-reflectivity portion of the storm (his Fig. 8), 

which he would then disregard. This was indeed a problem in Florida as well, 
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though there was now the advantage of viewing ρHV in vertical cross sections and 

not just Z. It was quickly apparent that speckles of low-ρHV range bins were 

common in low-reflectivity portions on the edge of storm cells. This is likely an 

effect of low signal-to-noise ratio, to be discussed later in this chapter. Or in 

some cases, range bins with no data surrounded by range bins with data would 

appear like a UMLS due to a graphical smoothing artifact (see Appendix A, and 

Figs. A3 and A4). 

 The wind tower network at CCAFS/KSC was a significant improvement 

over the severe storm reports from spotters that were available to Harris for 

thunderstorms in the Great Plains. However, the density of the wind tower 

network was still not enough to catch winds from every single storm cell. The 

wind tower network also had the advantage of reporting wind direction and the 

speed of the gust every 5 minutes, whereas Harris was limited to the maximum 

gust. Also, because of the scarcity of measured wind data in Kansas and 

Oklahoma, some of the wind reports used by Harris were subjectively estimated. 

For example, the case from 23 May 2011 in Ponca City used an estimated wind 

gust of 60 mph from an Emergency Manager (National Weather Service 2011). 

 Though not the main point of his study, Harris also investigated ZDR values 

below, within, and above the UMLS. He reported ZDR values were usually large 

positive below the UMLS, widely varied within the UMLS, and near zero or 

slightly negative above the UMLS. In Florida, the noise of the ZDR field was a 

challenge, and there was not often a strong UMLS signature. However, the 

general pattern held true: below the melting layer, ZDR was generally positive, 
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and above the melting layer, ZDR was generally near zero. Since there was 

usually no obvious melting layer signature or UMLS in Florida convection, the 

ZDR column above 0°C proved to be more useful for detecting updrafts. 

 

b. Additional Florida findings 

 ZDR columns and KDP columns were found in virtually every new updraft 

that created sufficient Z (generally, Z values greater than approximately 25 dBZ 

provided reliable dual-polarimetric data). Fig. 20 shows a Florida cell exhibiting 

both a ZDR and KDP column. Typically, both types of columns were confined  

 

Figure 20. Vertical cross section of a cell from 31 July 2012, 2202 UTC. The cell 
exhibits both a ZDR column (A) and KDP column (B), which were essentially 

collocated. A high ZDR anomaly possibly associated with low signal-to-noise ratio 

(C) is something to be cautious of, and a graphical smoothing artifact on the 
edge of the ZDR field (D) should be ignored. 
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within the 0°C and -20°C layer, though most of the columns stayed between 0°C 

and -10°C. The columns would appear within a new convective updraft as soon 

as the Z signal was strong enough to provide reliable dual-polarimetric data. This 

would typically be within 15 and 30 minutes of the peak wind gust at the surface. 

 A new convective cell would feature a core of high Z intensities suspended 

above the surface, collocated with a ZDR column and KDP column. As the first 

hydrometeors reached the surface, moderate Z intensities would appear in the 

lowest elevation scan angle, with high values of ZDR but low values of KDP. This 

implies hydrometeors that are larger horizontally than vertically (large raindrops) 

in a low concentration, which is characteristic of what is observed at the ground 

when the first raindrops fall out of a new updraft. As the precipitation core would 

collapse toward the surface, the ZDR and KDP columns would diminish as the 

updraft eventually ceased. Pulse storms behaved in this way, but storms which 

had a continuous updraft propagating through space (as a mesoscale convective 

system) maintained their ZDR and KDP columns, as their updraft was separated 

from the precipitation core collapse and downdraft. With the arrival of the 

precipitation core at the surface, strong KDP intensities would also descend and 

reach the ground, along with continued high values of ZDR. This implies large 

raindrops in high concentrations, which casual observers would call a torrential 

downpour. Peak wind gusts would typically accompany the arrival of the 

precipitation core at surface. 

 Despite its somewhat noisy quality, dual-polarimetric data added value to 

radar interpretation. In an example where simultaneous updrafts and downdrafts 
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in a storm cluster were juxtaposed within a continuous field of high reflectivity 

(Figs. 21 and 22), dual-polarimetric products, especially ZDR, were able to 

differentiate an updraft from a downdraft. Z alone would not have been able to 

provide these clues, at least not very easily or with just one volume scan. 

Operational meteorologists often benefit from less ambiguous data and/or 

multiple sources of information reinforcing the same conclusion. With the black, 

curved line in Fig. 22 separating positive ZDR in the ZDR column from near-zero 

ZDR elsewhere, the location of the updraft is readily apparent. There is even 

evidence of a ZDR depression below the 0°C level. This indicates spherical  

 

Figure 21. PPI view of a storm over the Shuttle Landing Facility, 5 June 2012, 
1836 UTC. Reflectivity of the 0.5° scan angle and dual-polarimetric variables at 
the 5.1° scan angle are shown. A vertical cross section (Fig. 16) is taken from A 
to A’, along the radar beam radial which intersects a ZDR column and KDP column. 

The storm produced a 50 kt gust by 1845 UTC. 
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Figure 22. Vertical cross section from Fig. 15. Black curve added to differentiate 
between positive ZDR (liquid precipitation) and near-zero ZDR (ice). The white 

circle on the ρHV image indicates what might be considered a UMLS according to 

Harris (2011), though it is certainly not definitive. 
 

hydrometeors falling, and with such high Z intensities, this is likely a sign of 

mostly dry hail falling below the ambient 0°C height. This could be a downdraft in 

progress. Unfortunately, seeing a ZDR depression would have a rather limited 

operational benefit, as there would be a very short lead time for wind warnings if 

the downdraft were already in progress. Nonetheless, it may be worth future work 

looking into ZDR depressions, even if only for the sake of theoretical science 

and/or to determine how frequently this signature is present. 
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 In Fig. 22, a KDP column can also be seen, though it appears somewhat 

offset spatially from the ZDR column, yet with a good amount of overlap. The 

centroids of the two columns do not have to be exactly in the same location 

(Kumjian and Ryzhkov 2008), because ZDR is a function of the size of the most 

dominant raindrops (usually the larger ones as they scatter the most signal 

power back to the radar), and KDP is a function of not only the size of the 

raindrops but also their abundance within a volume. Some storms, perhaps 

especially those in environments of vertical shear, may not have a uniform or 

symmetrical constituency of hydrometeor types or concentrations within an 

updraft. However, this is usually not the case for convection in Florida summer. 

 The ρHV of the storm in Fig. 22 is not very useful, visually. The amount of 

noise in the ρHV field makes it difficult or impossible to distinguish an ambient ML 

signature or a UMLS. The white circle indicates what might possibly be 

considered a UMLS by Harris (2011), but operational meteorologists might not be 

comfortable making that conclusion. Even worse, automated scripts would likely 

struggle to identify it. However, the use of all three dual-polarimetric products 

together can be of significant real-time value to proficient human interpreters, and 

may even hold the potential for an automated updraft detection algorithm. 

 As an aside, since 2012 was the first warm season of dual-polarimetric 

WSR-88D data in Florida, it may also be worth exploring other facets of radar 

interpretation, to see how the WSR-88D is handling other targets. Smoke plumes 

from wildfires can produce light to moderate intensities of reflectivity. To the 

trained human eye, most smoke plumes are fairly easy to distinguish from 
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precipitation. However, to automated processes like rainfall estimation, the 

reflectivity of smoke/ash and rain is indistinguishable. Dual-polarization solves 

this problem, partially through ZDR but primarily through ρHV. 

 Fig. 23 shows a comparison between convective showers and a similar-

looking smoke and ash plume. The convective showers have a ZDR near zero or 

slightly positive, while the smoke plume has an extremely noisy ZDR. Most 

noticeable, though, is the difference in ρHV – approaching 1.0 in the rain showers 

but << 0.75 in the smoke plume. This reliable discriminator makes automated 

hydrometeor classification algorithms possible. 

 
Figure 23. Convective showers and a smoke plume near Sanford and De Land, 
Florida, 21 June 2012, 1637 UTC. Depicted from left to right are Z, ZDR, and ρHV. 

 

c. Challenges 

 In a study like this one, the researcher must be wary of many sources of 

complexity. Discussed herein are three broad categories of the limitations and 

complications: physical and environmental, observation, and visualization and 

interrogation. Within each category are multiple different aspects to consider. 



 56 

 1) PHYSICAL AND ENVIRONMENTAL 

 The first item to consider is how Florida warm-season convection may 

differ from warm-season convection in Kansas and Oklahoma (studied by Harris 

2011). Florida summer thunderstorms are well-known for being smaller, 

shallower, weaker, shorter lived, and quicker dissipating than well-organized 

Great Plains thunderstorms. 

 There are several reasons for this difference in thunderstorm behavior 

between Florida and the Great Plains. Because of Florida’s location in lower 

latitudes, it is more likely to be located far from the influence of the polar jet 

stream and its associated mid-latitude cyclones, especially in summer. As a 

result, convection in Florida is often in environments of very low vertical shear. In 

the Plains, storms have a tendency to be in sheared environments, which helps 

them attain more organization and longevity. A sheared storm will also tend to 

have its precipitation fallout sorted by particle size and distributed across a 

greater area. Convection with sharp precipitation intensity gradients will have an 

undesirable impact on the accuracy and meaningfulness of dual-polarimetric 

radar products (see non-uniform beam filling in the next subsection). 

 In addition, the summer instability in South Florida is more frequently 

higher than in the Great Plains, with Convective Available Potential Energy 

(CAPE) values often exceeding 1800 J kg-1 (DeRubertis 2006). The very high-

CAPE, low-shear environment, and low-latitude solar insolation all combine to 

make Florida convection much more sensitive to low-level boundaries and 

boundary interactions. Examples of these low-level boundaries and boundary 
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interactions include the east coast sea breeze front from the Atlantic Ocean, west 

coast sea breeze front from the Gulf of Mexico, thunderstorm outflows, horizontal 

convective rolls, lake breeze fronts, frictional convergences, and others. Even 

cloud shadows and soil moisture differences can cause low level boundaries that 

play a role in thunderstorm formation. In the KSC/CCAFS area, the Indian River 

Breeze Front and Banana River Breeze Front significantly contribute to 

thunderstorm formation, even convergences along the edges of the Lake 

Okeechobee Convection Shadow can contribute. 

 Another subject to consider is the mode of convection: whether storms are 

isolated or are grouped in multicell clusters or linear systems. The convective 

mode is a function of several variables including vertical shear, the strength and 

characteristics of low-level or upper-level forcing, and the strength of the capping 

inversion at the top of the boundary layer. Florida convection can exhibit all three 

types of modes, even in the warm season. Linear systems cause the majority of 

warning-level wind gusts at KSC/CCAFS (Ander et al. 2009), but are not the 

most common mode in the warm season. 

 Another property of convection is whether the updraft pulses and then 

ends, or if it propagates a significant distance horizontally. Pulse thunderstorms 

have an updraft airstream which is soon dampened by the fallout of precipitation, 

and no new updraft occurs adjacent to the previous updraft. Propagating 

thunderstorms have a continuously renewed updraft which can move through the 

atmosphere as a wave. Typically, pulse thunderstorms occur in environments 

with low vertical shear. Both varieties of storms were observed in the Florida 
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warm-season: pulse storms which moved only by advection via the winds aloft, 

and propagating storms which moved as a sum of the advection and updraft-

propagation vectors. Some convective modes are defined by their type of 

updraft, but other modes can feature either type. An isolated cell may exhibit a 

pulse behavior, especially in Florida, but a supercell can be a long-lived isolated 

thunderstorm which has a propagating updraft. Multicell clusters can exhibit both 

pulse and propagating updrafts in Florida, sometimes even within the same 

complex depending on things like boundary interactions. Linear systems, 

especially those in the Midwest, typically form in environments of strong 

unidirectional vertical shear or when there is a linearly shaped forcing 

mechanism like a cold front. In the Florida warm season, linear systems can 

have different qualities. Ordinarily, the most intense linear systems then are 

those that are being driven by a rapidly moving, linear forcing mechanism, 

perhaps by things like a tropical wave or a mesoscale disturbance. These waves 

can approach from various directions, not necessarily from the west like with a 

wintertime cold front. Some non-propagating multicell systems may appear linear 

if they form along a favorable boundary interaction. 

 A storm’s convective mode and propagation attributes combined may 

have some influence on the chance of a warning-level wind gust. While it has 

been shown in the KSC/CCAFS climatology which convective modes are most 

often responsible for warning-level winds, differentiating between pulse and 

propagating systems may add additional value to the results. With dual-

polarization, it is easier to observe how storm updrafts behave, especially in 
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chaotic multicell clusters. ZDR columns can provide the clues necessary to make 

this distinction. It is possible that the storms which tend to produce the strongest 

wind gusts at KSC/CCAFS are those which propagate. 

 Located on barrier islands in coastal Florida, the local KSC/CCAFS 

thermodynamic environment can vary significantly over short times and 

distances. Sea breezes, river breezes, outflow from other thunderstorms, and 

many other boundaries can affect the thermal, moisture, and wind profiles of the 

lower atmosphere, such that a sounding either from KXMR or a mesoscale 

model may not be the representative environment for a particular thunderstorm. 

For example, the temperature profile of the boundary layer changes significantly 

during the first few hours of the day as the sun at low latitude in summer heats 

the ground, which in turn heats the air from the ground upward. In addition, even 

nearby thunderstorms in similar environments can have very different behaviors 

at the same time since they can be in different phases of their lifecycle: young 

developing thunderstorms can coexist near to fully developed mature 

thunderstorms and/or older dissipating thunderstorms. Even two similar 

thunderstorms which exist in different locations in the KSC/CCAFS complex may 

have different low-level environments. For example, earlier studies in the 

Plymouth State University/45 WS convective wind project indicated the 

importance of river breeze front interactions since far fewer downbursts occur at 

the near-inland weather towers than on KSC/CCAFS itself (Koermer and Roeder 

2008).This presents a substantial nowcasting challenge. Any successful radar-



 60 

based nowcasting wind gust tool will likely need an accurate thermodynamic 

profile of a particular storm’s local environment. 

 

 2) OBSERVATION 

 The signal-to-noise ratio (SNR) is an important quantity to consider in 

radar processing. There will always be some amount of base-level noise that the 

radar receives which does not originate from the transmitted and returned signal. 

The information that the radar receives for any range bin will always contain 

some amount of electromagnetic power from sources other than the intended 

target. Every range bin will have a spectrum of phase variances and polarities, 

with some phases and polarities coming to the radar at a higher power than 

others. If the radar has to assign one discrete value to a range bin which contains 

a spectrum of different values (e.g. radial velocity), the radar data processor will 

choose that value based on a power-weighted average. (The information about 

the spectrum of radial velocities in a particular range bin is not discarded; it is 

given in the spectrum width product.) 

 The quality of ZDR is liable to be reduced in range bins that have low SNR. 

Simply put, range bins with low SNR are the ones with low Z, generally less than 

about 20 dBZ. ZDR can have biases and errors when SNR is low. This effect can 

be seen in Fig. 24 and possibly in Fig. 20 (arrow C). Range bins with low SNR 

and ρHV < 0.95 can have ZDR errors of > 0.3 dB and can appear noisy (Warning 

Decision Training Branch 2013). In a low signal, ρHV can also be impacted. For 

example, the low-intensity edges of a rain shower may have fairly uniform 
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hydrometeor sizes within a range bin, but the inherent noise among the weak 

signal can contaminate the characteristics of a range bin’s power returns, which 

leads to a decrease in ρHV. To prevent misinterpretation of hydrometeor 

characteristics on the edges of showers, Level-II processing algorithms can 

assign ρHV > 1 to any suspicious range bins (ρHV > 1 is mathematically 

impossible under the ρHV equation). 

 

Figure 24. Examples (circled) of low SNR in reflectivity and its effects on the 
dual-polarimetric products. 
 

 Another detriment to dual-polarimetric data quality is non-uniform beam 

filling (NUBF or NBF). This is likely a significant problem with WSR-88D dual-

polarimetric quality, especially in the Florida warm season. NUBF occurs where a 
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radar beam passes through a volume containing a sharp gradient of precipitation 

intensity (gradients can be horizontal and/or vertical). The variety of hydrometeor 

sizes and concentrations across one range bin creates a complex returning 

signal to the radar, leading to an increase in the bias of dual-polarimetric 

products, seen as a decrease in ρHV. In cases where a radar beam passes 

through a significant distance with a sharp precipitation intensity gradient, the 

negative bias of ρHV grows very large, and the bias visibly persists down the 

remainder of the radial (Fig. 25). 

 

Figure 25. Example of the increasing along-radial negative bias of ρHV caused by 

non-uniform beam filling over a significant distance. Left: Z. Right: ρHV (Warning 

Decision Training Branch 2013). 
 

 In the Florida warm season, low amounts of vertical shear means that 

thunderstorms often have very sharp gradients of precipitation intensity. It is quite 

common to observe little to no rainfall in one location while another location as 

little as 100 m away receives torrential rain. WSR-88D elevation angles which 

sample the melting layer heights over KSC/CCAFS have a beam radial width of 
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1°. For the KMLB radar, this is a radial width of about 0.50 km in the southern 

portion of CCAFS, and 1.25 km in the northern portion of KSC. This undesirably 

coarse resolution of the WSR-88D, combined with the sharp precipitation 

intensity gradients common in Florida, is the likely cause of the perceptibly noisy 

quality of ρHV and other dual-polarimetric products, even in range bins with high 

SNR. 

 Fig. 26 shows a Florida-based example of NUBF along a radial and its 

effects on the dual-polarimetric products. Sharp precipitation gradients can be 

seen as sharp Z gradients in adjacent range bins, or in this example, adjacent 

radials. In this particular example, one radial with Z ~ 50 dBZ is adjacent to a 

radial with Z ~ 30 dBZ. In the range bins that are circled, it is quite possible that 

portions of the bins have precipitation intensities which would produce 

Z > 30 dBZ and other portions which would produce Z < 30 dBZ. The different 

precipitation intensities within each range bin would each have their own 

characteristic ZDR and KDP on their own, and the low ρHV due to the complex 

signal ends up degrading the quality of all the dual-polarimetric variables. In fact, 

if ρHV < 0.9, then ΦDP becomes noisy and unreliable. The algorithms built to 

derive KDP recognize this, and no KDP is computed in these areas. This “black 

hole” in the data field can be seen not only in Fig. 26, but in Fig. 22 as well (the 

fifth elevation angle above the surface, just below the 10 kft line and the words 

“Heavy Rain”). 
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Figure 26. Along a radial (white line), an example of NUBF (circled) and its 
effects on reflectivity and the dual-polarimetric products. 
 

 With increasing distance from the radar, the radar beam broadens 

horizontally and vertically. At a 60 km range (the distance from KMLB to Launch 

Complex 39B), the radar beam is 1 km thick (Warning Decision Training Branch 

2013). Not only does this allow for NUBF, but it can lead to an apparent smearing 

of a melting layer. At a certain distance from the radar, the centerline of a radar 

beam could pass above or below the ML but part of the beam energy would still 

sample it. A typical ML is generally a few hundred meters thick (WDTB 2012), but 

can appear much thicker due to beam broadening and interpolation between 

scan angles (Fig. 27). 
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Figure 27. Vertical cross section of stratiform precipitation, shown in ρHV. The 

radar location is in the lower right corner of the image. Between the white lines is 
the apparent melting layer (Warning Decision Training Branch 2013). 
 

 The interrelated relationship among all dual-polarimetric products creates 

a challenge for the human analyst, even beyond the steep learning curve 

involved in learning the basics of dual-polarization. NUBF and low SNR can have 

detrimental effects on the quality of all dual-polarimetric products, and result in a 

somewhat noisy data field. WSR-88Ds are more prone to this than are research 

radars, given the differences in volume scan strategies. In an operational 

workplace, cross-checking all of the dual-polarimetric products and the 

conventional products to determine the validity of dual-polarimetric data can be 

very taxing. Automated scripts based on dual-polarimetric data, such as an 

updraft detection product, may also struggle. The chaotic, small-scale nature of 

Florida convection and the scan strategies and resolution of the WSR-88D make 

data quality a challenge. 
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 3) VISUALIZATION AND INTERROGATION 

 Smoothing the radar data can create a radar display that is easier on the 

eyes and makes gradients more apparent, but it should not be used exclusively 

either. With some radar products, smoothing artifacts on the edges of data fields 

may appear (e.g. Fig. 20 arrow D). More about smoothing artifacts, and the 

advantages and disadvantages of smoothed and unsmoothed data, is discussed 

in Appendix A. 

 When selecting a line segment for a vertical cross section, the user can 

choose any orientation. However, there are only four primary orientations: along-

radial, cross-radial, and two diagonals. To easily recognize potential locations of 

NUBF, it is best to interrogate range bins which are side-adjacent (not corner-

adjacent), so cross sections should either be along-radial or cross-radial. 

Because the width of a range bin at ML heights over KSC/CCAFS is smaller 

along-radial (0.25 km) than it is cross-radial (0.50 to 1.25 km), the author chose 

to look at along-radial cross sections, and to slide the cross section segment 

through adjacent radials to find the best radial showing ZDR and KDP columns. 

 In GR2Analyst, the user can look at a cursor readout which displays the 

estimated beam centerline height above ground level. This has subjective 

estimation errors on the order of several hundreds of feet. Since the variations in 

0°C and -20°C heights between 10 and 15 UTC KXMR soundings was typically a 

few hundred feet or less, it is believed that using either the 10 or 15 UTC KXMR 

soundings are adequate for this study, and that the more significant error comes 

from estimating the radar beam centerline heights. For this study, the 10 UTC 
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KXMR sounding 0°C height was chosen since more sophisticated methods were 

deemed not cost-effective. Other reasonable options include interpolating the 

desired temperature level between the soundings to the time of the radar scan, 

or averaging the soundings bracketing the radar scan time, or choosing the 

closest sounding in time to the radar scan. 
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CHAPTER 5 

5.  Conclusions 

 This thesis served as an expansion to the work done by Harris (2011), to 

investigate the potential applicability of dual-polarimetric variables in relation to 

convective wind gusts. Harris began the undertaking in 2011 by looking at 

convective cases from the Vance Air Force Base (KVNX) and Wichita, Kansas 

(KICT) radars. These were among the first radars in the WSR-88D network to be 

upgraded to dual-polarization. The Melbourne, Florida (KMLB) radar was 

upgraded to dual-polarimetric capability in January 2012, so this study was able 

to take a first look at the dual-polarimetric characteristics of warm-season 

convective winds in Florida. 

 This study had three advantages over the work by Harris: (1) a densely 

populated, automated wind sensor network, (2) the software’s ability to display 

dual-polarimetric products in vertical cross sections, and (3) the software’s ability 

to derive KDP from ΦDP. With the two latter improvements, a more rigorous 

examination of overall dual-polarimetric data quality could be done. It was 

discovered that when analyzing dual-polarimetric data, all products (ZDR, ρHV, and 

ΦDP / KDP) must be taken into consideration as they relate to each other (and also 

to reflectivity). Mainly, when the returning radar signal strength or quality 

suffered, so did ρHV, and it reduced the usefulness of ZDR and KDP. The dual-pol 

convective features (ZDR columns, KDP columns, and reduced ρHV in a hail core or 

melting layer) could nonetheless be identified and roughly measured, and were 

consistent with dual-polarimetric theory and previous studies (as discussed in 
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Chapter 1). However, the relatively coarse resolution of WSR-88D data 

(compared to the resolution of radars designed for research purposes) created 

challenges – an increase in the noisiness of dual-polarimetric data and a less-

than-desirable resolution in vertical cross sections. 

 Harris (2011) investigated the updraft-induced height displacement of the 

ρHV melting layer due to updrafts, the Updraft Melting Layer Signature (UMLS), 

and did a cursory analysis of ZDR values above, within, and below the UMLS. 

While possible to identify a melting layer within larger-sized Great Plains 

convective cells, this study found that Florida convective cells often had no 

identifiable melting layer. Some Florida convective cells did have a noticeable 

decrease in ρHV where an updraft was present, but this was more likely due to the 

variety of hydrometeors in a developing hail core and not an upward bend in the 

height of a melting layer. ZDR columns and KDP columns were the primary 

features analyzed in this study. ZDR columns and KDP columns were found to be 

very reliable in signifying the presence of an updraft. However, the height above 

0°C that these columns reached did not correlate to the strength of the 

subsequent downdraft’s surface wind gust. 

 Dual-polarimetric data provide valuable information to the meteorologist 

tasked with monitoring convection and issuing hazardous weather warnings. Yet, 

the amount of information available can also become quickly overwhelming in an 

operational setting. The sometimes noisy quality of dual-polarimetric data further 

complicate its utilization. The need to cross-check each of the dual-polarimetric 
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products with the other products and also with reflectivity – in order to ensure that 

the data are trustworthy or significant – taxes the time-constrained meteorologist. 

 Luckily, it appears possible that automated algorithms can be written to 

detect updrafts via ZDR columns and KDP columns. This could be of great benefit 

to an operational meteorologist, provided that the radar data are of higher 

quality/resolution than the current WSR-88D data. The current state of data 

quality is not the final one, as processing techniques are continually being 

improved. An upgrade to the software build for the WSR-88Ds is planned to be 

implemented in January 2014. This update will introduce radial-by-radial noise 

estimation, which is expected to result in more-accurate Z, w, ZDR, and ρHV 

values (National Weather Service 2013). Beyond the WSR-88D, the 45 WS also 

has an advantage when it comes to their operational C-band radar. Not only is it 

located closer to KSC/CCAFS, but certain scan strategies could potentially be 

developed to enhance dual-polarimetric data quality without too much sacrifice 

on the part of volume-scan time. These are avenues for future studies. 

 Moreover, because the strength of a downdraft does not necessary 

correspond with the strength of the preceding updraft, any updraft detection tools 

developed will need to be applied within the context of a thunderstorm’s local 

thermodynamic environment. Future work could look into the 45 WS’s 

Microburst-Day Potential Index (MDPI; Wheeler and Roeder 1996) in relation to 

the strength of ZDR columns and KDP columns. Ideally, it would be extremely 

valuable to have information about the multiple local thermodynamic profiles that 

can exist within KSC/CCAFS: whether it be sea-breeze modified, river-breeze 
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modified, convective-outflow modified, or otherwise uncontaminated. 

Thunderstorm downdrafts over KSC/CCAFS can initiate within any of these 

thermodynamic profiles, but their success at generating strong surface winds is 

largely tied to the local profile’s stability. Unfortunately, it is impractical to obtain 

such high-resolution spatiotemporal information in the very changeable coastal-

Floridian atmosphere. 

 This study utilized the 10 UTC KXMR soundings for the heights of the 0°C 

and -20°C isotherms. It was determined that the heights of those levels did not 

vary significantly enough to have much effect on the results. The heights given 

by the 15 UTC KXMR soundings (when available) and the initialized RAP model 

soundings were found to be within hundreds of feet of the 10 UTC sounding 

heights. In comparison, the subjective estimation error of the height of a radar 

echo centroid was on the order of hundreds of feet in this study, plus the 

objective gap between scan angle elevations was on the order of thousands of 

feet. For the purpose of this study, the use of the 10 UTC KXMR soundings was 

considered sufficient, but it was used only for the 0°C and -20°C heights. 

 Future studies could look back upon the Harris (2011) study of Oklahoma 

and Kansas with the now-available use of both KDP data and vertical cross 

sections of dual-polarimetric data, and add additional cases from subsequent 

years. Additional studies of KSC/CCAFS convection could investigate radial 

velocity, spectrum width, and θe in relation to updrafts. A cursory analysis reveals 

a tendency for spectrum width to be greater either within or on the edge of an 

updraft. This could be a sign of entrainment eddies being created as an updraft 
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rises, and any dry-air entrainment into a new updraft may help evaporate 

precipitation and cool a parcel to initiate a downdraft. Dual-polarization also has 

some potential applications to lightning prediction, especially lightning cessation. 

Particularly, ZDR can provide clues about the electric charge in a thunderstorm 

anvil, based on the orientation of ice crystals. 

 Dual-polarimetric technology has opened the door to numerous topics in 

need of further study. As the technology and data processing techniques 

continue to mature, so might our ability to utilize dual-pol data in warning 

applications. Dual-pol introduces the potential development of new tools, 

techniques, algorithms that can benefit weather prediction for KSC/CCAFS. 
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APPENDIX A 

GR2Analyst Display Settings 

 

a. Color tables 

 Customized color tables for GR2Analyst were used in this study. These 

were primarily chosen for their similarity to the default color tables used in the 

Advanced Weather Interactive Processing System (AWIPS). Dual-pol training 

materials also use these colors (Figs. 3, 4, and 6). The custom color tables were 

originally downloaded from the website http://www.grlevelxstuff.com. 

 Color tables can be changed in GR2Analyst by first loading radar data and 

selecting the radar product to be given a new color scheme. Then, under the 

“View” menu, the option “Set Color Table…” can be selected. A file browser then 

enables the user to select the file that will define the color table. For GR2Analyst, 

these files have the extension “.pal”, but are simply text files which can be 

opened and edited with a simple application like Notepad. The colors are defined 

with red, green, and blue brightness values ranging from 0 to 255. 

 To ensure comparability of future research projects to this one, the 

contents of the files which define the color tables used in this thesis are included 

here. The color scale which is produced in GR2Analyst is shown alongside each 

file, for reference. Differential phase was left as the default GR2Analyst color 

table. 
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 1) REFLECTIVITY 

 

 

 

 2) DIFFERENTIAL REFLECTIVITY 
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color: -5   61   3  78 
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color: 22   17 213  24   9  94   9 

color: 35   29 104   9 234 210   4  

color: 40  255 226   0 255 128   0 

color: 50  255   0   0 113   0   0 

color: 60  255 255 255 255 146 255 

color: 65  255 117 255 225  11 227 

color: 70  178   0 255  99   0 214 

color: 75    5 236 240   1  32  32 

color: 85    1  32  32 

color: 95    1  32  32 
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Color:   6.00   255 255  255 

Color:   5.00   240 120  180 

Color:   4.00   175   0    0 

Color:   3.00   220  10    5 

Color:   2.00   255 255  100 
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Color:   1.00    68 248  212 

Color:   0.25    10  10  155 

Color:   0.00   142 121  181 
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 3) CORRELATION COEFFICIENT 

 

 

 4) DIFFERENTIAL PHASE 

 

 

Units:  % 

Scale:  100 

Step:   5 

 

Color:  130  164   54  150 

Color:  100  255  180  215 

Color:  99.9 152   30   70    

Color:  99   152   30   70    

Color:  97   225    3    0 

Color:  95   255  140    0 

Color:  90   255  255    0 

Color:  85   135  215   10 

Color:  80    95  245  100 

Color:  75   120  120  255 

Color:  60    10   10  190 

Color:  45    15   15  140 

Color:  20   100  100  100   

Color:  0     84   84   84 

Units: DEG 

Step:  30.0 

 

Color: 180.0  128    0  128 

Color: 150.0  255    0  255   128    0  128 

Color: 120.0  25     0    0   160    0    0  

Color:  90.0  255  255    0   255  128    0 

Color:  60.0    0  255    0     0  128    0 

Color:  30.0   64  128  255    32   64  128 

Color:   0.0  164  164  255   100  100  192 



 76 

 5) SPECIFIC DIFFERENTIAL PHASE 

 

 

 

b. Background image 

 When viewing radar data, the use of a background image in GR2Analyst 

provided ease in orienting oneself with the KSC/CCAFS area and visually 

collocating the wind tower locations and ID numbers to storm features. The 

image chosen was the map of the KSC/CCAFS wind tower network, provided by 

Plymouth State University Meteorology (2013a; their Fig. 1), with the black frame 

cropped out. The image is similar to this paper’s Fig. 1, though larger in 

resolution, with the black frame also cropped out, and the inset map of Florida 

removed. The image should be saved as a .bmp file on the user’s local storage 

drive. 

 To set the background image in GR2Analyst, select the “GIS” menu, 

highlight the “Settings” option, and select the “Background…” option in the 
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submenu. A window will appear (Fig. A1), which will allow the user to browse and 

select the image that will serve as the default background. The spans of latitude 

and longitude as shown in Fig. A1 were used for the wind tower network image. 

These numbers were approximated, but are within visual tolerance. Any other 

image will have to have its own appropriate spans latitude and longitude defined, 

which will allow GR2Analyst to place the background image in the correct 

location on the radar display (Fig. A2). 

 

 

Figure A1. The default background settings window in GR2Analyst. 
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Figure A2. Wind tower network image serving as the background in GR2Analyst. 
 

c. Smoothing 

 1) BENEFITS AND DRAWBACKS 

 Smoothing can be a useful visual tool when viewing some types of radar 

data. Most commonly used for reflectivity, it takes discrete, blocky range bins and 

interpolates contours where they should understandably exist in nature. This 

gives radar data a more visually appealing quality, but it must only be used if the 

distinct values of each range bin can be sacrificed from the visual picture without 

obstructing the analysis of the data. Like hand-plotting isobars onto a map of 

pressure data, smoothing essentially creates data points where there are none, 

and that is why it should be used with caution. It may be useful for qualitative 

analysis but unsuitable for quantitative analysis, especially below the grid scale 

of the data field. 
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 Smoothing can take relatively noisy radar data and visually downplay 

values which are outliers, while enhancing the congruity of an area that has fairly 

similar data point values. Color tables with discontinuous color transitions, color 

spectrums that are unlike the visible light spectrum, or which contain brightness 

transitions and color transitions together, can be very difficult to visually interpret 

in a noisy, unsmoothed display. Smoothing can help alleviate this confusion. 

 For reflectivity, it is logical that dBZ values should trend toward minimal 

amounts on the edge of a radar feature like a storm cell. This would correspond 

to the diminishment to zero, with respect to space, of precipitation intensity on 

the edge of a volume of precipitation. Smoothing techniques use this logic to 

taper the edge of a reflectivity feature toward minimal values, even though the 

range bin values on the edge may be appreciably large. However, this practice 

would be illogical for data like radial velocity, for example. An isolated feature like 

a storm cell can have nonzero velocity values in every range bin; its motion 

would not taper toward zero on its edges. It is for this reason, among others, that 

the option for smoothing is disabled in GR2Analyst on velocity data. 

 The lesson of smoothing effects on velocity data can be applied to the 

dual-pol products. Dual-pol product values need not, and in nature often do not, 

trend toward zero on the edge of a precipitation feature. The ZDR of a snow 

shower with horizontally-oriented snow crystals can be entirely greater than zero, 

for example. The same would also apply to ΦDP and KDP. The shower can also 

contain ρHV values throughout that do not diminish toward zero on the edges, and 

in fact, signal processing algorithms would define many range bins near the edge 
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of the shower to have ρHV > 1.0. This requires a numerical discontinuity where 

values of ρHV < 1.0 are adjacent to values of ρHV > 1.0. Simple smoothing 

techniques would then create a contour of ρHV = 1.0 between these two range 

bins, which would be illogical in nature. It is for these reasons that smoothing 

dual-pol data must always be done with caution, and should be regularly 

compared to unsmoothed data. Particular attention should be given to edges of 

radar target features, and also to holes of “no data” embedded within the target 

feature (Fig. A3). 

 

    

Figure A3. Noisy ZDR data that are (a) unsmoothed and (b) smoothed, showing 

the data-edge contours which are falsely created by the smoothing process. With 
ZDR, edge smoothing tapers values up to the top of the range: in this case, 8 dB. 

The yellow arrows indicate range bins containing “no data,” which are embedded 
within the data field. Smoothing creates false visual bull’s-eyes which appear to 
be strongly positive values of ZDR. These false bull’s-eyes risk being 

misinterpreted as ZDR columns in some cases. 

 

 

(a) (b) 
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 2) GR2ANALYST SMOOTHING OPTIONS 

 With GR2Analyst (version 1.92b), there are 3 smoothing options available 

to the user: bilinear, 4× adaptive, and 8× adaptive. The default is 4× adaptive, but 

the other options can be selected via the “Smoothing Settings…” option under 

the “View” menu. Smoothing is performed by the graphics hardware of the 

machine which is running GR2Analyst, so results may vary depending on which 

video card is used. 

 Another example of the use of smoothing is shown in Fig. A4. The bilinear 

option produces a slightly less-smoothed display than the other options, and 8× 

adaptive provides the heaviest amount of smoothing. One advantage of the 

bilinear option is that it does not create false contours on the edge of the data 

field, but this is only true for ρHV. The 4× and 8× adaptive options create false 

contours on the edge of the data field, which visually tapers the data down to the 

lower end of the ρHV range, in this case, 0. No matter which smoothing option is 

employed, the problem still exists of creating a false ρHV = 1.0 contour between 

adjacent range bins that contain ρHV < 1.0 and ρHV > 1.0. 

 The options of modifying color tables, backgrounds, and smoothing 

settings provides many advantages when viewing radar data. These options 

should be utilized when possible. However, caution should be exercised when 

smoothing is performed. False color gradients may be introduced on the edges of 

the radar data field, which may lead to visual misinterpretation. 

 

 



 82 

 

      

Figure A4. ρHV data that are (a) unsmoothed, (b) smoothed using the bilinear 

option, and (c) smoothed using the 4× adaptive option. 
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APPENDIX B 

Tabular Data and Plots for Each Case 

 

 Within this appendix are data from the 20 convective wind gust cases 

investigated in this thesis. They are listed in chronological order by the nominal 

time of wind gust report (the true time of gust occurs within the preceding 5 

minutes). The data from each case are presented by both a table and graph. The 

header of each table contains the following information for the represented wind 

gust: nominal date and time of the peak gust, wind speed, height above ground, 

azimuthal direction, and tower identification number (see Fig. 4). Below each 

header is a qualitative description of the characteristics exhibited by the wind-

producing storm cell, as judged by the author. 

 The tabular data are grouped by category with colors which correspond to 

the colors of the graphical data lines. Bolded columns are the data that are 

plotted on the graph. The following categories are represented by the graphs: 

 Heights of the 0°C and -20°C levels (black), 

 Maximum height of KDP column (1° km-1 threshold; green), 

 Height of maximum KDP intensity above 0°C level (blue), 

 Maximum height of ZDR column (2 dB and 2 range bin threshold; orange), 

 Maximum height of ≥ 60 dBZ echo (periwinkle), 

 Maximum height of ≥ 50 dBZ echo (red). 

The graphs have a horizontal axis of time [UTC] and a vertical axis of height 

above ground [ft]. Time is given by the nominal time of radar volume scan. 
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Case 1 

06 May 2012, 2135 UTC, 47 kt, 54 ft, 338 degrees, tower 0415 
  Dual cell. Wind gust probably from second, more intense cell, west of first cell. 

[UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

21:15 13300 24000     0.7 15750 2450 

21:20 13300 24000 16000 2700 1.45 16000 2700 

21:24 13300 24000 16000 2700 1.35 16000 2700 

21:29 13300 24000 12500 -800 0.95 16000 2700 

21:34 13300 24000 15750 2450 1.2 15750 2450 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

21:15 15500 2200         

21:20 19500 6200     16000 2700 

21:24 16000 2700 9000 -4300 16000 2700 

21:29     14500 1200 16000 2700 

21:34 15500 2200     12500 -800 
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Case 2 

09 May 2012, 1835 UTC, 47 kt, 54 ft, 251 degrees, tower 0421 
  Single cell dissipating while being overtaken by a multicell group. 

 [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

18:13 13800 24600 10750 -3050 0.75 15000 1200 

18:18 13800 24600 15000 1200 1.2 15000 1200 

18:23 13800 24600 15500 1700 3.15 15250 1450 

18:28 13800 24600 15000 1200 1.5 14750 950 

18:33 13800 24600 11500 -2300 0.8 15000 1200 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

18:13 15500 1700         

18:18 20000 6200     15750 1950 

18:23 19500 5700     15750 1950 

18:28 15000 1200     11500 -2300 

18:33         11250 -2550 
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Case 3 

09 May 2012, 1850 UTC, 40 kt, 30 ft, 282 degrees, tower 0513 
  Cell embedded within broken line. Appears to be forward-propagating. 

 [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

18:38 13800 24600 15250 1450 2.1 15000 1200 

18:43 13800 24600 17500 3700 2.35 14750 950 

18:48 13800 24600 14750 950 1.25 14750 950 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

18:38 15000 1200     15000 1200 

18:43 14250 450     14750 950 

18:48         11500 -2300 
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Case 4 

05 Jun 2012, 1825 UTC, 36 kt, 54 ft, 322 degrees, tower 0211 
  Discrete cell in rapidly developing line. 

   [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

18:07 13800 25000     0 16250 2450 

18:12 13800 25000 20500 6700 4.5 16500 2700 

18:17 13800 25000 16750 2950 1.9 16500 2700 

18:22 13800 25000 13250 -550 0.75 20750 6950 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

18:07 16250 2450         

18:12 20500 6700     20500 6700 

18:17     13000 -800 21000 7200 

18:22 16500 2700 4500 -9300 17000 3200 
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Case 5 

05 Jun 2012, 1845 UTC, 50 kt, 30 ft, 283 degrees, tower 0511 
  Multicell, numerous updrafts and downbursts juxtaposed 
  [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

18:22 13800 25000 21000 7200 4.2 20000 6200 

18:26 13800 25000 25000 11200 3.75 16500 2700 

18:31 13800 25000 21500 7700 2.7 16500 2700 

18:36 13800 25000 17000 3200 1.85 16750 2950 

18:40 13800 25000 13000 -800 1 16500 2700 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

18:22 20000 6200 20000 6200 20000 6200 

18:26 16500 2700 16500 2700 26000 12200 

18:31 16500 2700 16500 2700 25500 11700 

18:36     10500 -3300 21000 7200 

18:40     8000 -5800 10500 -3300 
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Case 6 

12 Jun 2012, 2245 UTC, 40 kt, 54 ft, 285 degrees, tower 0421 
  Linear 

      [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

22:04 13900 25600 20000 6100 1.8 16000 2100 

22:09 13900 25600 15500 1600 2.75 15500 1600 

22:14 13900 25600 15500 1600 2.3 15500 1600 

22:19 13900 25600 15100 1200 1.75 15100 1200 

22:23 13900 25600 15500 1600 2.15 15500 1600 

22:28 13900 25600 15500 1600 1.85 15500 1600 

22:33 13900 25600 15200 1300 2.15 15500 1600 

22:38 13900 25600 15800 1900 1.15 15800 1900 

22:43 13900 25600 11600 -2300 0.65 15800 1900 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

22:04 15900 2000     15800 1900 

22:09 15900 2000     20000 6100 

22:14 15200 1300     15500 1600 

22:19         15700 1800 

22:23         15250 1350 

22:28         11200 -2700 

22:33         11200 -2700 

22:38 16000 2100     16000 2100 

22:43         10800 -3100 
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Case 7 

12 Jul 2012, 0940 UTC, 26 kt, 54 ft, 140 degrees, tower 0403 
  Multicell 

      [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

9:28 14800 26200 16800 2000 1.35 16800 2000 

9:36 14800 26200 16700 1900 1.45 16400 1600 

9:41 14800 26200 17000 2200 1.2 16500 1700 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

9:28         7500 -7300 

9:36         14000 -800 

9:41         14500 -300 

 

 

 

 

 

 

 

0

5000

10000

15000

20000

25000

30000

9:28 9:36 9:41

0°C hgt

-20°C hgt

Max hgt of KDP >1

Max KDP abv 0°C hgt

ZDR col > 2 dB max hgt

60+ dBZ max hgt

50+ dBZ max hgt



 91 

Case 8 

18 Jul 2012, 2230 UTC, 31 kt, 54 ft, 180 degrees, tower 1204 
  Storm propagating northward along its own gust front. 
  Environment around wind tower already in cold pool from nearby convection. 

[UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

22:09 14500 25800 20500 6000 3 15250 750 

22:14 14500 25800 23500 9000 4.45 22750 8250 

22:19 14500 25800 28000 13500 5.2 19500 5000 

22:24 14500 25800 28000 13500 5.45 18750 4250 

22:29 14500 25800 21500 7000 2.05 21250 6750 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

22:09 20500 6000     24250 9750 

22:14 22500 8000 25500 11000 29500 15000 

22:19 25000 10500 24000 9500 32750 18250 

22:24 17750 3250 21500 7000 29500 15000 

22:29 19500 5000 10750 -3750 21500 7000 
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Case 9 

18 Jul 2012, 2255 UTC, 50 kt, 30 ft, 194 degrees, tower 0512 
  Scattered training cells from sea breeze popping up and dissipating near sensor. 

Another storm propagates northward along its own outflow, approaches sensor 

and dissipates while new large cell forms over the sensor. 
  [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

22:29 14500 25800 16500 2000 2.4 16500 2000 

22:34 14500 25800 17000 2500 4.35 16500 2000 

22:38 14500 25800 22700 8200 4.55 16250 1750 

22:43 14500 25800 Missing   Missing Missing   

22:48 14500 25800 17500 3000 3.3 17250 2750 

22:53 14500 25800 Missing   Missing Missing   

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

22:29 16000 1500     16500 2000 

22:34         19300 4800 

22:38 19300 4800 4500 -10000 22500 8000 

22:43 Missing   Missing   Missing   

22:48     5000 -9500 20500 6000 

22:53 Missing   Missing   Missing   
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Case 10 

19 Jul 2012, 2305 UTC, 21 kt, 54 ft, 342 degrees, tower 0714 
  Multicell with somewhat discrete cores, firing along a SSE-drifting outflow 

boundary that is fighting against the sea breeze. 
  [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

22:45 14400 25600 16250 1850 1.15 16250 1850 

22:49 14400 25600 19000 4600 1.3 15750 1350 

22:54 14400 25600 23000 8600 2.65 15250 850 

22:59 14400 25600 22500 8100 2.75 15250 850 

23:03 14400 25600 23000 8600 4.65 16000 1600 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

22:45 16250 1850     16250 1850 

22:49 19000 4600     19000 4600 

22:54 19250 4850     22750 8350 

22:59 22250 7850 5500 -8900 22750 8350 

23:03 19500 5100 12750 -1650 23250 8850 
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Case 11 

19 Jul 2012, 2305 UTC, 21 kt, 54 ft, 322 degrees, tower 0418 
  Multicell with somewhat discrete cores, firing along a SSE-drifting outflow 

boundary that is fighting against the sea breeze. 
  [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

22:49 14400 25600 14000 -400 0.6 21500 7100 

22:54 14400 25600 21500 7100 3.85 21500 7100 

22:58 14400 25600 17750 3350 1.55 17500 3100 

23:03 14400 25600 17500 3100 1.15 17500 3100 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

22:49 17750 3350     13750 -650 

22:54         21000 6600 

22:58         17750 3350 

23:03         6500 -7900 
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Case 12 

19 Jul 2012, 2320 UTC, 26 kt, 54 ft, 319 degrees, tower 0415 
  Quasi-linear segment firing along E-drifting outflow boundary that is fighting 

against the sea breeze. 
    [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

22:54 14400 25600 23000 8600 3.25 16500 2100 

22:58 14400 25600 22750 8350 4.1 16500 2100 

23:03 14400 25600 23250 8850 4.65 16000 1600 

23:08 14400 25600 23250 8850 4.4 16250 1850 

23:13 14400 25600 21750 7350 3.3 16250 1850 

23:17 14400 25600 19000 4600 3.4 15500 1100 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

22:54 19500 5100     27500 13100 

22:58 22500 8100 5500 -8900 23000 8600 

23:03 23250 8850 12750 -1650 23500 9100 

23:08 26000 11600 5500 -8900 37250 22850 

23:13 18000 3600 12500 -1900 31500 17100 

23:17 21500 7100 9000 -5400 19250 4850 
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Case 13 

19-20 Jul 2012, 0000 UTC, 30 kt, 30 ft, 313 degrees, tower 1000 
  Multicell with somewhat discrete cores. 

   Cores collapsing and regenerating. At least two successive outflow boundary 

thin lines on radar. Likely not raining on wind tower at time of gust. 
 [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

23:44 14400 25600 14500 100 1.8 14500 100 

23:49 14400 25600 16000 1600 1.05 16000 1600 

23:53 14400 25600 17100 2700 1.8 16750 2350 

23:57 14400 25600 15500 1100 1.45 15500 1100 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

23:44 16800 2400     16200 1800 

23:49 16300 1900     11500 -2900 

23:53 14600 200     17000 2600 

23:57 14700 300     14800 400 
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Case 14 

31 Jul 2012, 2205 UTC, 46 kt, 204 ft, 237 degrees, tower 0061 
  Forward-propagating cluster. Significant values of KDP extending up to 20,000 feet 

in the updraft portion, and extending down to the ground in the downdraft 

portion. Strong ZDR and KDP columns continued beyond the wind tower after the  

gust. Somewhat of a trailing stratiform region in this storm, with no ZDR or KDP 

columns. 
      [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

21:43 14900 26300 15400 500 1.8 15000 100 

21:47 14900 26300 16250 1350 2.8 15500 600 

21:52 14900 26300 19500 4600 4.4 16000 1100 

21:57 14900 26300 19000 4100 6 16000 1100 

22:02 14900 26300 14500 -400 2.6 14250 -650 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

21:43         16000 1100 

21:47 16250 1350     16250 1350 

21:52 16000 1100     19500 4600 

21:57 19250 4350 14000 -900 22000 7100 

22:02     11500 -3400 14250 -650 
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Case 15 

03 Aug 2012, 0325 UTC, 32 kt, 54 ft, 232 degrees, tower 1000 
  Multicell, randomly propagating with little movement. Investigated cell is SW of 

tower. Other cells growing and collapsing E of tower. 
  [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

3:01 15300 25300 21000 5700 1.55 17600 2300 

3:06 15300 25300 19250 3950 3.55 19000 3700 

3:11 15300 25300 17250 1950 1.05 17250 1950 

3:18 15300 25300 12750 -2550 0.7 22750 7450 

3:23 15300 25300 12500 -2800 0.6 16500 1200 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

3:01 19000 3700     18500 3200 

3:06 19000 3700 18500 3200 25500 10200 

3:11     8000 -7300 22500 7200 

3:18         15000 -300 

3:23         9000 -6300 
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Case 16 

03 Aug 2012, 0340 UTC, 21 kt, 54 ft, 026 degrees, tower 3131 
  Fairly discrete cell, but had a briefly propagating updraft during the analysis times. 

[UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

3:18 15300 25300 20750 5450 1.25 20750 5450 

3:23 15300 25300 21000 5700 2.05 17750 2450 

3:28 15300 25300 18750 3450 2.9 15500 200 

3:38 15300 25300 19500 4200 3 16000 700 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

3:18 20500 5200     20500 5200 

3:23     14250 -1050 20500 5200 

3:28 15250 -50     18500 3200 

3:38 22750 7450     19500 4200 
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Case 17 

17 Aug 2012, 1720 UTC, 37 kt, 54 ft, 279 degrees, tower 0421 
  Single cell, advecting ENEward at about 15 kt. Cell persisted even after gust. 

[UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

17:04 14900 26300 19300 4400 2.5 18750 3850 

17:09 14900 26300 23500 8600 2.05 23250 8350 

17:14 14900 26300 27250 12350 1.55 19000 4100 

17:19 14900 26300 19000 4100 2.5 15250 350 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

17:04 18750 3850     19500 4600 

17:09 23000 8100     23250 8350 

17:14 19250 4350     23250 8350 

17:19 19000 4100     23500 8600 
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Case 18 

18 Aug 2012, 1635 UTC, 46 kt, 54 ft, 255 degrees, tower 0803 
  Conglomeration of cells advecting and propagating ENEward. Sudden large-scale 

downpour reached ground before gust. 
   [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

16:16 15000 26500 21750 6750 1.25 21750 6750 

16:21 15000 26500 21250 6250 3.75 15750 750 

16:26 15000 26500 22250 7250 2.65 19000 4000 

16:31 15000 26500 22500 7500 3.6 16000 1000 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

16:16 15750 750     21750 6750 

16:21 18000 3000 13000 -2000 18900 3900 

16:26 15400 400 9000 -6000 18750 3750 

16:31         22000 7000 
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Case 19 

18 Aug 2012, 1700 UTC, 37 kt, 54 ft, 257 degrees, tower 0418 
  Broken multicell line, propagating to the NE and advecting to the E. 

 [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

16:46 15000 26500 20000 5000 3.3 16250 1250 

16:51 15000 26500 19750 4750 4.25 16250 1250 

16:55 15000 26500 21250 6250 2.1 21000 6000 

17:00 15000 26500 16500 1500 1.55 16500 1500 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

16:46 23250 8250     19750 4750 

16:51 20250 5250     16500 1500 

16:55 25000 10000     21250 6250 

17:00         17250 2250 
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Case 20 

18 Sep 2012, 1835 UTC, 46 kt, 54 ft, 251 degrees, tower 0300 
  Multicell, moving NEward. Outflow boundary from W passed through at 1809. 

Additional storms N. Storms may have had some synoptic help. 
  [UTC] [ft] [ft] [ft] [ft] [° km-1] [ft] [ft] 

Time 
0°C 
hgt 

-20°C 
hgt 

KDP col max 
hgt 

" - 0°C 
hgt 

Max KDP abv 0°C 
lvl " hgt 

" - 0°C 
hgt 

18:09 15400 26700 21000 5600 1.65 22000 6600 

18:13 15400 26700 20000 4600 3.65 19000 3600 

18:18 15400 26700 16750 1350 3.05 15800 400 

18:23 15400 26700 17250 1850 1 17250 1850 

18:27 15400 26700 15250 -150 0.4 15700 300 

 

[UTC] [ft] [ft] [ft] [ft] [ft] [ft] 

Time 
ZDR col max 

hgt 
" - 0°C 

hgt 
60+ dBZ max 

hgt 
" - 0°C 

hgt 
50+ dBZ max 

hgt 
" - 0°C 

hgt 

18:09 22000 6600     17000 1600 

18:13 20000 4600 20000 4600 20000 4600 

18:18     15250 -150 16500 1100 

18:23 17250 1850 1500 -13900 14250 -1150 

18:27 12250 -3150     15700 300 
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