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ABSTRACT 

 

COMPARING VARIABLE UPDRAFT MELTING LAYER HEIGHTS TO 

CONVECTIVE WIND SPEEDS USING POLARIMETRIC RADAR DATA 

by 

Ronald A. Harris III 

Plymouth State University, December, 2011 

 

The melting layer (ML) appears on vertical radar cross sections as a bright 

band of higher reflectivity values. Single polarization radars only detect this 

feature in stratiform precipitation events, whereas dual polarization radars offer 

the advantage of detecting the ML in both stratiform and convective precipitation 

events. The ML is known to be lifted higher locally within a convective updraft, so 

the goal of the present study was to determine if there is a correlation between 

the vertical displacement of the ML in an updraft (above the ambient ML) and the 

speed of the storm’s reported wind gusts. Fourteen storms were investigated. 

Wind reports from the Storm Prediction Center (SPC) website were used and 

radar data were obtained from the National Climatic Data Center (NCDC) 

website for two dual polarization radar sites: Vance Air Force Base (KVNX) in 

Enid, OK, and Wichita, KS (KICT). Each storm was studied in detail using a 

combination of plan views of the cross correlation coefficient (ρHV, which drops to 

anomalously low values within the ML) and vertical cross sections of reflectivity.  

Ultimately, no correlation was found between the height of the updraft ML and 
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the speed of the convective wind gusts. This suggests that the height to which a 

parcel is lifted by an updraft does not affect the speed at which it descends in the 

ensuing downdraft. This is likely due to the fact that the mechanisms determining 

updraft strength are almost entirely separate from those that determine downdraft 

strength. For example, instability and lift govern updraft strength, whereas 

downdraft strength is predominantly governed by evaporational cooling and 

negative buoyancy. 
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CHAPTER 1 

 

1. Introduction 

a. Overview 

The purpose of this thesis is to test the applicability of polarimetric radar 

data for the forecasting of convective wind strength. In particular, polarimetric 

signatures from the melting layer in convective cases have been examined and 

an attempt was made to correlate the behavior of those signatures to the 

strength of the wind gusts. Forecasting convective wind strength is of great 

importance to the operations at Cape Canaveral Air Force Station/Kennedy 

Space Center (CCAFS/KSC) for example, as convective wind warnings are often 

necessary in that area and there are numerous missions that can be jeopardized 

by strong wind gusts. The 45th Weather Squadron (45 WS) is the U.S. Air Force 

unit that provides weather support to CCAFS/KSC, Patrick Air Force Base, and 

other locations in that area. Next to lightning, convective wind warnings are their 

second most frequently issued warning product, the forecasting of which poses 

quite a technical challenge to the 45 WS forecasters. 

The desired warning lead times at CCAFS/KSC are 30 minutes for winds 

≥ 35 knots (which is the first criterion for a convective wind warning issued by the 

45 WS) and 60 minutes for winds ≥ 50 knots (which is the criterion for a strong 

convective wind warning; Cummings et al. 2007). Sanger (1999) was the first 

Florida microburst climatology study of its kind, compiling data from the summer 

months from 1995 to 1998. They found a peak in microburst activity in the month 
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of July, with an average of 70.5 microburst events per summer. These events 

occurred over the span of 28.5 days per summer, on average, so some of the 

microburst days had multiple events. Sanger (1999) found the majority of peak 

wind gusts occur between 25 and 40 kts (or about 28.8 to 46.1 mph). 

Laro (2011) was the most recent Florida microburst climatology study, 

using the period 1995–2009. Their study included both events that met the 

CCAFS/KSC wind warning criteria and those that fell below the criteria. They 

found that pure convection is the most common cell initiation mechanism for 

events both above and below warning criteria. Also, the most common radar 

appearance for both types of storms was found to be one of moderate-strength 

(defined as having a base reflectivity core of 45–55 dBz). Most of the storms 

meeting the warning criteria in Laro (2011) were found to have a linear structure, 

whereas most of the storms falling below the warning criteria had clustered or 

individual cell structures. 

Using an eleven-year period (1995–2005) of warm-season months (May–

September), Cummings et al. (2007) compiled a climatology of convective wind 

events within the wind tower network around CCAFS/KSC. They defined a 

convective period as a period of convective activity with at least a 6-hour break of 

no convection before and after the period, starting at the top of the hour when 

convection first occurred and ending at the top of the hour after the last evidence 

of convection. They found an average of 76 convective periods occur per 

season, not including events with strong synoptic pressure gradients present, 

such as those associated with tropical systems. This implies an average of 3.8 
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convective events per week during the summer thunderstorm season (May–

September).  

Cummings et al. (2007) found a peak in convective activity at 2000 UTC 

and a mean maximum wind speed of 28.6 knots. They found that convective 

winds were ≥ 35 knots in 31% of the events, ≥ 50 knots in 7% of the events, and 

≥ 60 knots in 2% of the events. They mentioned that wind speeds tended to 

decrease closer to the surface, likely due to friction. More importantly, they found 

the lead time (which they defined as the time between the first reported 20 knot 

wind and the first reported 35 knot wind) to be 30 minutes or less in 33% of the 

events for winds 35–49 knots, as well as 30 minutes or less in 44% of the events 

for winds ≥ 50 knots. In other words, the event must be predicted well before its 

onset to meet the desired lead times. 

The objective of this thesis was to test the feasibility of polarimetric radar 

as a tool for forecasting the strength of convective winds, with the microbursts in 

Florida being just one possible application. The main emphasis has been placed 

on the height of the melting layer as determined by the dual polarization radar 

data. The following subsection contains background information about convective 

downdrafts and winds, various dual polarization radar parameters and their 

distinct signatures, and the behavior of the melting layer (or freezing level) in 

both stratiform and convective situations. Findings from previous studies on the 

convective winds at CCAFS/KSC are also discussed. 
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b. Background 

1.)  CONVECTIVE WINDS 

Deep moist convection is basically one of the atmosphere’s mechanisms 

for restoring stability. It entails the rising of warm air, which forms visible clouds, 

followed by the eventual sinking of cool air, which signals precipitation and 

ultimately the collapse of the clouds. Cooling of the environment aloft due to the 

evaporation of rain (in entrained dry air) and the melting of hail is believed to be 

the primary cause of the negative buoyancy of a storm’s downdraft (e.g. Roberts 

and Wilson 1989; Srivastava 1985; Srivastava 1987; Proctor 1988). The 

downward drag of precipitation is what initially gets the air to sink, and then the 

aforementioned cooling mechanisms enhance the downward acceleration 

(Roberts and Wilson 1989).  

Microbursts were first defined by Fujita (1981) as downbursts on the order 

of 1 to 4 km, with straight or curved flow, sometimes embedded in a mesoscale 

downburst and other times induced by small convective storms with rain or virga. 

Since then, the definition of a microburst has been adjusted and expanded. 

Wilson et al. (1984) noted that divergent low-level flow of a microburst begins 

below 1 km AGL with the maximum horizontal wind shear occurring at 75 m AGL. 

They also noted that microbursts develop and dissipate quickly, on the order of 

5–10 minutes. Fujita (1981) and Wilson et al. (1984) stressed the dangers 

present to aircraft in the vicinity of a microburst. Examples of dangerous 

conditions include strong headwind–tailwind differentials near the ground and 

downward wind speeds exceeding the climb or descent rate of the aircraft. The 
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danger of sudden strong winds is different at CCAFS/KSC. Workers on launch 

pads must be warned of strong winds for personnel safety. In addition, numerous 

crane operations are critical to processing for space launch including installing 

multi-million dollar payloads and space launch vehicle stages, stacking solid 

rocket fuel segments, and mounting solid rocket boosters. Sudden strong 

convective winds could be disastrous, leading to damage of the payloads or 

space launch vehicle stages, or explosion of solid rocket fuel segments or solid 

rocket boosters. Needless to say, a space launch vehicle should not be exposed 

to strong winds while exposed to the environment late in the countdown. Hence, 

forecasting for convective winds at CCAFS/KSC is critical. 

Research has previously been conducted to improve convective wind 

forecasting at CCAFS/KSC. By assembling a climatology study, Loconto (2006) 

determined that there is a 58% correlation between cell-based vertically 

integrated liquid (VIL) and the strength of the storm cell’s peak wind speed. 

There was also a 51% correlation between a storm cell’s maximum reflectivity (Z) 

and its peak wind speed. The correlations between echo top (ET), VIL density 

and the height of the maximum Z were not as good. Loconto (2006) also found 

that in general, reflectivity core heights that lie below the ambient freezing level 

are characteristic of cells with peak convective wind speeds between 19 and 44 

knots; similarly, reflectivity core heights that lie above the freezing level are 

characteristic of cells with peak convective wind speeds ≥ 45 knots. Reflectivity 

cores above the freezing level likely indicate hail. The presence of hail acts to 

enhance downward motions because of increased drag, as well as the negative 
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buoyancy that is generated by cooling due to melting (Srivastava 1987; Proctor 

1988) and the eventual evaporational cooling of the melt water thereafter. 

Contrary to Loconto (2006), Rennie (2010) concluded that the correlation 

between the ambient freezing level and the height of maximum Z was not 

adequate for forecasting peak wind gusts because the probability of detection 

was too low and the probability of false alarm was too high. They did, however, 

find that cell-based VIL, maximum Z and boundary interactions worked well 

together in a statistical decision tree. According to Rennie (2010), if a cell is 

generated by strong boundary interactions and the maximum Z is large, then 

there is a high probability that a strong wind gust will occur. As for VIL, they 

concluded that adequate VIL implied that enough evaporative cooling would 

occur in the event that dry environmental air was entrained, therefore strong 

downdrafts would ensue.  

Converging and interacting sea-breeze fronts off the Atlantic Ocean and 

Gulf of Mexico have long been known to have a large influence on summertime 

thunderstorm initiation on the Florida peninsula (Byers and Rodebush 1948). 

Rennie (2010) found that strong wind gusts were more likely when convection 

was triggered by a sea breeze frontal boundary, an outflow boundary from other 

storms, or multiple boundaries colliding. Similarly, of the 136 convective events 

examined by Dinon et al. (2008), 52 of the cases had cell initiation with sea 

breeze fronts and outflow boundaries at the same time, 47 cases had one or the 

other, and 37 cases had neither type of boundary present. Furthermore, 97 of 

their 136 cases had linear cell structures, which correspond to initiation along 
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linear boundaries such as sea-breeze fronts. Similarly, Kuchera and Parker 

(2006) concluded that fast-moving winds aloft lead to fast-moving convective 

systems with rapidly-moving gust fronts, resulting in the shear necessary to 

maintain lift along the gust front as well as the ability for the storm to bring the 

fast winds aloft down to the surface in  the form of strong downdrafts. 

Dinon et al. (2008) found that weak, moderate and strong cells can all 

produce winds that meet warning-level criteria. Ander et al. (2009) hypothesized 

that the seemingly weak to moderate storms which produce warning-level gusts 

only appear to be weaker because they are collapsing, and thus the winds are 

strong, but the reflectivity is diminishing. Furthermore, Ander et al. (2009) found 

that of the average 67 convective periods per year in their 13-year warm season 

climatology, 43 convective periods produce peak winds below the warning 

threshold and 24 events produce peak winds that meet the warning criteria at 

CCAFS/KSC. They used the same definition of a convective period as 

Cummings et al. (2007).  

An obvious problem that still exists with forecasting convective winds is 

distinguishing between above- and below- criteria events. Polarimetric data about 

the varying height of the melting layer inside a storm cell updraft, and the 

distribution of different hydrometeor types above and below it, could offer new 

insights to the behavior of convective storms. 
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2.)  DUAL POLARIZATION RADAR 

Dual polarization (polarimetric) radar differs from conventional (single 

polarization) radar in that it transmits and receives signals that are oriented in 

both the horizontal and vertical planes, as shown in Fig. 1. 

 
Fig. 1. Schematic of conventional radar (left) with only a single beam orientation (horizontal) and 
dual polarization radar (right) with two beam orientations–horizontal and vertical (ROC 2011b). 

 

With information about the horizontal and vertical dimensions of scattering 

particles, the average shapes of the particles in a volume sample can be 

determined. From there, the hydrometeor types can be deduced (see Rinehart 

2010). Precipitation particles such as heavy rain drops have a greater horizontal 

component than vertical component, whereas particles such as graupel have a 

greater component in the vertical than in the horizontal, on average. Some 

hydrometeors appear circular and thus have roughly equal horizontal and vertical 

components. Hailstones, for example, are jagged and irregular in shape, but 

because they tumble randomly as they fall, they appear spherical overall in a 
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large volume sample (e.g. Knight and Knight 1970; List et al. 1973; Herzegh and 

Jameson 1992). 

 The dual polarization parameters that are discussed here are differential 

reflectivity ZDR, linear depolarization ratio LDR, cross correlation coefficient ρHV, 

and specific differential phase KDP. The definitions of these parameters, as well 

as others, can be found in Rinehart (2010). Equation 1 gives the mathematical 

definition of ZDR: 

                                                         
  

  
 ,                                                   (1) 

where zH and zV are the linear reflectivity values in the horizontal and vertical 

planes, respectively. Positive values of ZDR are indicative of scatter particles that 

are wider than they are tall, on average within the radar scan, such as larger 

raindrops. Negative values of ZDR indicate particles that are taller than they are 

wide, on average, such as graupel. Values of ZDR that are near zero are 

indicative of nearly circular particles, such as small raindrops or irregularly 

shaped particles that tumble as they fall, like hailstones (Rinehart 2010). The 

units of ZDR are decibels (dB; not to be confused with decibels of reflectivity, 

dBz—see Appendix A for a disambiguation of these units). 

 The mathematical definition of LDR (also in dB) is given in Equation 2: 

                                                         
   

   
 ,                                                (2) 

where the first subscript indicates the plane in which the radiation is transmitted, 

and the second subscript indicates the plane in which the radiation is received. In 

other words, the radar transmits horizontally oriented signals and “listens” for 

both horizontal and vertical returns. As values of LDR approach negative infinity, 
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the average scatter particle shape approaches a perfect sphere. The lower limit 

of LDR is usually truncated at -40 dB. Values of LDR approach zero for long, thin 

targets (oriented roughly parallel to the ground). Values around -25 dB are typical 

above the melting layer, -15 dB within the melting layer, and -30 dB or less below 

the melting layer (Rinehart 2010). The significance of this and other parameters’ 

signatures around the melting layer are discussed in more depth in the next 

section. 

 The mathematical definition of ρHV (unitless) is given in Equation 3: 

                                                  
     

 
   

        
 
 
 
         

 ,                                        (3) 

where S and S* are scattering matrices, and subscripts H and V represent 

received and transmitted polarizations for horizontal and vertical signals, 

respectively. It is a measure of how similar the horizontal and vertical dimensions 

are for all the particles in a given volume sample. Thus, for perfect spheres, ρHV 

is equal to one. Values between 0.97 and 0.99 correspond to rain. Values from 

about 0.8 to 0.95 are for irregularly shaped particles, such as hail, ice crystals, 

snow, and graupel. Values below that are considered to be anomalies (Rinehart 

2010). As will be shown here later, values of ρHV drop anomalously low within the 

melting layer (for both convective and stratiform precipitation events). 

 The mathematical definition of KDP (°/km) is given in Equation 4: 

                                                       
   (  )     (  )

 (     )
 ,                                       (4) 

where ΦDP is the differential phase (which is defined as the lag between the 

horizontal and vertical signal returns) and r is the radial distance, or range, from 

the radar. Values of KDP that are around zero indicate randomly oriented targets 
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(isotropic), which would appear nearly spherical in general. Positive KDP values 

indicate targets that are wider than they are tall, like larger rain drops. Negative 

KDP values indicate targets that are taller than they are wide, like graupel. 

Specific differential phase is the range derivative of the time lag between the 

horizontal and vertical signal returns. This lag occurs because non-spherical 

scatter particles will slow down a radar signal more in their larger dimension than 

in their smaller dimension (Rinehart 2010). 

 

3.)  THE FREEZING LEVEL AND MELTING LAYER 

The terms freezing level, melting layer, and bright band are often used 

interchangeably, but there are slight discrepancies that must be mentioned. The 

freezing level is the height at which the water within rising parcels would begin to 

freeze because the ambient temperature is ≤ 0°C. However, water droplets can 

still remain liquid above that level, as is the case with supercooled water drops. 

Supercooled droplets are typically present in strong convective updrafts; they 

usually freeze slightly above the 0C height, once proper ice nucleation occurs. 

The height of the ambient 0C level is often determined from radiosondes or 

model data. The designation of the freezing level is of great importance to 

aircraft, as flying above that level would make the aircraft vulnerable to icing, 

especially where supercooled droplets are abundant (e.g. Plummer et al. 2010). 

In contrast, the melting layer is the layer through which falling 

hydrometeors undergo phase change from ice to liquid, with the top of the layer 

always beginning at the 0°C level. For example, Brandes and Ikeda (2004) 
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determined the freezing level height from the height of polarimetric melting layer 

signatures using statistical relationships between the two. The melting layer is 

referred to as the bright band because melting ice particles take on an outer 

liquid coating, making conventional reflectivity values higher through that layer. 

These higher reflectivity values appear as narrow bands of typically brighter 

colors on reflectivity vertical cross sections and range height indicators (RHI), as 

well as bright rings centered on the radar on plan position indicators (PPI). 

Tabary et al. (2006) found the melting layer bright band in stratiform events to be 

a well-defined circular ring around the radar in PPIs of ZDR, ZH, ρHV and φDP. They 

found these melting layer signatures to appear at similar heights for each 

variable. They also found ρHV decreased to an average value of 0.93 in the 

middle of the bright band, with values above and below it always stable and 

above 0.98.  

The bright band rings get closer to the radar as the tilt angle increases 

because the radar beam reaches higher altitudes over shorter horizontal 

distances at higher tilt angles. Single polarization radars can only observe these 

melting layer signatures in stratiform precipitation events. For single polarization 

radars, the melting layer becomes undetectable in convective events due to the 

irregular melting of hail and graupel particles. However, dual polarization radar 

can detect the melting layer in both stratiform and convective situations.  

Polarimetric variables, including ZDR and ρHV, exhibit well-defined 

signatures in nearly all bright band events. Figure 2 shows vertical profiles of 

several polarimetric parameters in a winter stratiform precipitation event. ZDR 
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spikes to higher values just below the estimated 0°C isotherm, while ρHV drops to 

lower values. The higher values of ZDR within the melting layer are due to the 

presence of large irregularly shaped melting aggregates which tend to fall with 

their larger axes oriented horizontally; the presence of many different particle 

shapes, orientations and phases is what leads to low ρHV values (Vivekanandan 

et al. 1999; Zrnic´ et al. 1993).  

 

 
Fig. 2. Vertical profiles of polarimetric measurements (ZH, LDR, ρHV, ZDR, and ΦDP) for a winter 
storm case are shown, with the estimated 0° C height (2.47 km, above mean sea level) marked 
by the horizontal dashed line (from Brandes and Ikeda 2004, their Fig. 1). 

 
 

 

Since the polarimetric melting layer signatures are based on particle 

shapes and sizes instead of reflectivity, dual polarization radars can detect the 

melting layer in convective events, in addition to stratiform events. Thus, 
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polarimetric data may be able to aid in convective wind forecasting. Theoretically, 

a higher melting layer would allow more residence time for falling liquid particles 

in the atmosphere and thus more generation of negative buoyancy by 

evaporational cooling.  

Previous literature notes distinct behaviors of polarimetric variables in 

convective situations. Illingworth et al. (1987) found that isolated weak-moderate 

Z echoes accompanied by large positive ZDR values (the combination of which 

implies a low concentration of large particles) was indicative of cells that were 

likely to intensify rapidly. They also found that narrow columns of positive ZDR 

values could extend up to as high as 2 km above the ambient 0°C isotherm 

during vigorous convection. They concluded that this is likely due to the presence 

of large supercooled raindrops in an ascending updraft, and that the subsequent 

disappearance of this signature is indicative of rapid glaciation.  

 Shusse et al. (2011) noted marked decreases in ρHV and increases in ZDR 

around the ambient 0°C level for both convective and stratiform precipitation 

events, whereas ZH only showed bright band signatures around the ambient 0°C 

level for the stratiform events. Figure 3 shows RHI displays of ZH, ρHV and ZDR for 

a convective event with a trailing stratiform rain region from Shusse et al. (2011). 

The ZH bright band in the trailing stratiform region is located at the same height 

as the drop in ρHV values and the increase in ZDR values. However, the heights of 

these melting layer signatures in the convective updraft are not constant like they 

are in the stratiform region. It is evident that the ρHV and ZDR melting layer 

signatures bend upward in the updraft, but the ZH signature does not. Shusse et 
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al. (2011) observed the melting layer being pushed upward by the convective 

updraft. This is nicely complemented by the findings of Teshiba et al. (2009). 

They found that the of sinking cool air and cooling due to melting in a downdraft 

result in a depression of the melting layer, as indicated by vertical profiles of ρHV 

and ZDR. Figure 4 shows time-height cross sections from a case in Teshiba et al. 

(2009) with the melting layer sinking closer to the ground in the location of the 

downdraft core. 

 
Fig. 3. (a) RHI display of ZH for a convective case with a trailing stratiform rain region. (b) Rainfall 
types—S for stratiform, C for convective. (c) RHI display of ρHV. (d) RHI display of ZDR (from 
Shusse et al. 2011, their Fig. 6).  
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Fig. 4. Time-height cross sections of (a) Z, (b) ZDR, (c) ρHV, and (d) vertical wind component. 
Heights are given relative to MSL (from Teshiba et al. 2009, their Fig. 6). 

(a) 

(b) 

(c) 

(d) 
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 This thesis focuses on the height of the melting layer in thunderstorm 

updrafts, using polarimetric radar data, as well as the speeds of the convective 

wind gusts. For each case examined, the height of the melting layer within an 

updraft is compared to the ambient melting layer height, and that difference is 

then compared to the speed of that storm’s wind gusts. Subsequent chapters 

include a detailed description of the data and methodology used here, the results 

of this research, an in-depth discussion of the findings, and conclusions. There 

are also two appendices: one discussing the units of two polarimetric parameters 

and one with all the data gathered throughout this research.  
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CHAPTER 2 

 

2. Data and Methodology 

a. Data 

In order to examine the height of the freezing level within convective 

updrafts, polarimetric radar data were needed because of the advantages they 

offer over conventional radar. For this project, Level-II data from two different 

National Weather Service (NWS) radars were obtained through the National 

Climatic Data Center (NCDC) website. Polarimetric variables are automatically 

included for radar sites that have dual polarization capabilities. The dual 

polarization data were viewed in basic two-dimensional plan mode using the 

radar visualization package GR2Analyst (GRLevelX 2011). The vertical cross 

section tool in GR2Analyst only displays base reflectivity and a few other single 

polarization parameters, not the dual polarization ones. However, with the easy 

access to the various elevation angles and with the smoothing option enabled, 

GR2Analyst was found to be the best software for this project. 

Several convective cases were chosen near the NWS dual polarization 

radars in Wichita, KS (KICT), and Vance Air Force Base (KVNX) in Enid, OK. 

These two radars went operational as of 17 July and 4 March 2011, respectively 

(ROC 2011a). Other NWS radars across the country are currently being 

upgraded to dual polarization radars. In addition to KICT and KVNX, radars in 

Phoenix, Arizona (KIWA), Morehead City, North Carolina (KMHX), and 

Pittsburgh, Pennsylvania (KPBZ) are among the first NWS radars in the country 
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with dual polarization capabilities (ROC 2011a). In addition, the 45 WS uses a 

dual polarization radar in support of operations at CCAFS/KSC (Roeder et al. 

2009) so techniques developed in this research may be useful to 45 WS, 

assuming that the thunderstorms at the other locations do not differ too much 

from those in east central Florida. 

The freezing level heights within convective updrafts were compared to 

the ambient freezing levels, which were determined using archived observed 

soundings. The soundings were obtained from the archive on the University of 

Wyoming Department of Atmospheric Science website. Complete soundings 

(with data roughly every second) were viewed in a simple text listing so that 

locating the freezing level was exact and not estimated as it would have been 

with the soundings plotted graphically. The value closest to 0°C in the 

temperature column was found and recorded, along with the corresponding 

pressure (hPa), height (m), and the dew point temperature (°C). The dew point 

was noted in order to ensure that the air was not saturated and therefore not 

contaminated by clouds in any way. The soundings that were used were for the 

launch sites nearest the storm of interest and for the times closest to the high 

wind report (i.e. for a wind report around 2200 UTC, the next 0000 UTC sounding 

would be used). The sounding sites used were Lamont, OK (LMN), Dodge City, 

KS (DDC), Norman, OK (OUN), and Topeka, KS (TOP).  

Because the height of the freezing level within convective updrafts is being 

compared to the strength of the surface wind gusts, high wind reports from the 

Storm Prediction Center’s (SPC) storm reports archive were obtained. The 
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reports used for this project needed to have a wind speed included (all reports on 

the SPC website give the time and location of the report, but some omit the wind 

speed, usually because it was unknown). Reports from more trustworthy sources 

such as law enforcement, NWS or airport employees were preferred over other 

reports, especially because the reported wind speeds were taken as truth. 

 

b. Methods 

 To select cases, daily loops of radar reflectivity were examined in search 

of strong convection occurring near the aforementioned radar sites. When 

convection appeared to be passing near one of the sites, the days and times 

were noted and the radar data were then obtained from the NCDC. The temporal 

resolution of the radar loops was 30 minutes and the horizontal resolution was 

coarse, so some of the chosen cases were later discarded because the alleged 

storms were found to not be strong enough, isolated enough or close enough to 

the radars. If rotation was evident, whether it was indicated by mesocyclone 

detection algorithm icons in GR2Analyst or manually identified by certain telltale 

radar signatures, then that storm was discarded. The strength of downdraft winds 

was under investigation, so storm rotation was not desirable because of the 

complicated effects rotation can have on wind fields. Also, some events had to 

be disregarded because there were no SPC storm reports available for those 

times and locations.  

Once several strong convective events were selected and confirmed, and 

SPC storm reports were found for the same times and locations, those cases 
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were then examined in GR2Analyst. First, the evolution of each storm through 

time was examined using vertical cross sections of base reflectivity. This was 

done mainly to determine when the storm tops (above the strong reflectivity 

cores) were the tallest and therefore when the updrafts were strongest, in the 

time leading up to the high wind report. The updrafts were mainly identified by 

upward-pointing reflectivity cores, the presence of weak echo regions (WERs), 

and bounded WERs (BWERs) in the radar vertical cross sections. A WER may 

sometimes also be referred to as an echo overhang, and it is the region of a 

thunderstorm where a strong, persistent updraft acts to suspend precipitation 

particles above the ground (Chisholm 1973; Lemon and Doswell 1979). An 

intensifying updraft and increased water and ice content around the updraft core 

results in a BWER, which then fills in once the storm collapses and downdrafts 

intensify (Lemon and Doswell 1979; Rotunno 1986; Weisman and Klemp 1986). 

Although BWERs are sometimes thought to be indicators of storm rotation, 

especially when collocated with a hook echo (e.g. Weisman et al. 1983), a storm 

does not necessarily need to be rotating to have a BWER signature. Once the 

location and time of the strongest updraft was determined from the vertical cross 

sections, the analysis of polarimetric data for those times began.  

The correlation coefficient ρHV was used to find updraft melting layer 

signatures (UMLSs) within the convection in this research. Within the melting 

layer, ρHV drops to lower values (e.g., around 0.90 to 0.93 in Shusse et al. 2011). 

The correlation between the horizontal and vertical dimensions of the 

hydrometeors is low because of the wide variety of shapes, sizes and 
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orientations associated with melting aggregated snow (e.g. Brandes and Ikeda 

2004; Giangrande et al. 2008; Shusse et al. 2011).  

With a marker in GR2Analyst placed approximately in the same ground 

location as the updraft core in a single volume scan, the UMLS would typically be 

found in that vicinity but at higher elevation angles. Extra care had to be taken to 

account for tilted updrafts, as they can still be powerful and will still push the 

freezing level up above its ambient level, but the highest reflectivity values will 

not all be over the same ground location. Therefore, the UMLS will not 

necessarily be over the same ground location as the highest reflectivity at the 

lowest elevation angle.  

The UMLS was found to be an isolated area of anomalously low ρHV 

values in the vicinity of the storm’s updraft core. Other pockets of low ρHV values 

sometimes occurred at other elevation angles, depending on the storm’s distance 

from the radar. Storms that were farther from the radar may have only shown a 

low ρHV anomaly at one elevation scan because the rest of the melting layer was 

washed out between the radar’s scan angles. In contrast, the low-ρHV anomalies 

may have occurred at multiple elevation angles for storms closer to the radar. 

The object of this portion of the data analysis involved finding the height of the 

highest low ρHV anomaly (in the vicinity of the updraft core) as this would 

represent the top of the melting layer, which is the freezing level. The highest 

heights of low-ρHV anomalies were recorded and taken to be the height of the 

freezing level. This was done in GR2Analyst by moving the cursor over the point 

of interest and reading the height of the middle of the radar beam above radar 
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level (ARL), which would increase for higher tilt angles and with increasing 

distance from the radar, from the display in the bottom right corner of the screen. 

The height ARL and the height AGL of the melting layer were assumed to be 

essentially the same, and the curvature of the earth was assumed to be 

negligible between the radar sites and the storms of interest; thus, the height 

ARL was treated as the height AGL. The height of the highest UMLS, which was 

assumed to be the height of the freezing level, was then compared to the height 

of the ambient freezing level AGL. 

Secondary analyses included examinations of ZDR and the 50+ and 60+ 

dBz cores. In the plan view, ZDR values below, within and above the tilt angle of 

the highest UMLS were recorded (only in the vicinity of the updraft). The heights 

of reflectivity cores ≥ 60 dBz and ≥ 50 dBz within the updrafts were noted from 

the vertical cross sections of reflectivity. Simple difference calculations were then 

made to determine the heights of the 60+ and 50+ dBz cores above both the 

ambient and the updraft freezing levels. These secondary data analyses were 

not the main focus of this thesis project, but some interesting information was 

ascertained, as will be discussed later. 

There are some sources of error to be aware of. First of all, although the 

top of the melting layer is the freezing level, the highest UMLS may not be 

exactly at the freezing level because of the reduced vertical resolution (due to 

beam spreading) going outward from the radar (Rinehart 2010). In between radar 

scan angles the data are missing, and the gap between vertical scan angles 
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increases with increasing radial distance from the radar site. Therefore, the 

actual freezing level may lie above the highest UMLS.  

Another source of error is the low spatial and temporal resolution of the 

observed soundings. The ambient freezing level is not likely to change much 

from one site to the next on the same day at the same time, but it does vary from 

day to day as the lower atmosphere heats up and cools down diurnally. The 

magnitude of that variation is typically on the order of 1000 feet and therefore is 

not likely to cause any major problems with the results. 

One additional error source to be aware of is the possibility that the 

freezing level within a convective updraft might not show any polarimetric radar 

signatures. In the same experiment where they found the melting layer to be 

lifted higher by an updraft, Shusse et al. (2011) had a case where the 

polarimetric melting layer signature did not appear at all within a convective 

updraft. They hypothesized that the absence of the band of low ρHV values and 

high ZDR values was because melting graupel or partially frozen raindrops were 

the major constituents of hydrometeors within the melting layer, instead of 

melting aggregated snow. The melting layer signatures that do appear in the ρHV 

and ZDR fields are caused by the irregular shapes and sizes of melting 

aggregated snow.  
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CHAPTER 3 

 

3.  Results 

Originally, 18 cases were selected to be examined. Of those cases, two 

had to be omitted because the storms in question were rotating, which was 

undesirable for this research. Winds around rotating storms can be complicated, 

and the scope of this project only included non-rotating storms. Two additional 

cases were omitted because the convection was too widespread and 

unorganized. With such disorganized storm clusters, isolating the storm 

responsible for a single reported wind gust would be nearly impossible. After 

these omissions, 14 storms remained to be examined. These results must be 

considered preliminary, as the relatively small number of cases prevents any 

statistically sound conclusions from being drawn at this time. 

The methods used for this thesis proved to be adequate for examining 

thunderstorms, but the results presented herein generate more questions rather 

than answers. First and foremost, no correlation was found between the strength 

of the reported wind gusts and the height of the melting layer within the storm 

updrafts. The melting layer was found by locating minima in the correlation 

coefficient ρHV (≤ 0.93, with some extreme low values as low as 0.75) within a 

storm’s updraft (as determined by vertical cross sections). The highest ρHV 

minimum (AGL) in a storm’s updraft is hereafter referred to as that storm’s 

UMLS. The greatest height of a storm’s UMLS was not found to be correlated in 

any way with the strength of the reported wind gust. Similarly, the greatest height 
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of a storm’s 60+ dBz core above the UMLS was found not to be correlated to the 

strength of the reported wind gust either. 

A plot of each storm’s highest UMLS (AGL) versus the reported wind gust 

speed is shown in Figure 5a, and a plot of each storm’s highest 60+ dBz core 

(above UMLS) versus the reported wind gust speed is shown in Figure 5b. The 

lack of correlation is evident as the R2 values (shown on the graphs) are close to 

zero in both cases (0.0071 and 0.0611). A correlation value of zero would 

indicate no linear correlation; values of +1 and -1 would indicate perfect linear 

correlation.  

Several small but interesting facts were discovered throughout the 

analysis. Of the 14 cases examined, 8 had their highest 60+ dBz core height at 

the same time (or within ± 5 minutes or one volume scan) as the highest UMLS. 

For the other cases, the highest 60+ dBz cores usually occurred after the highest 

UMLS, but a couple did occur before the highest UMLS. In 12 of the 14 cases, 

the time that the 60+ dBz core was highest AGL was the same as when it was 

highest above the UMLS (see Appendix B for all recorded values).  

Plotting the heights of the UMLS and the 60+ and 50+ dBz cores for each 

case revealed that about half of the storms exhibited an oscillating behavior. In 

other words, the greatest vertical extent of the UMLSs and the 60+ and 50+ dBz 

cores in these storms would vary up and down periodically throughout the 

storms’ lifetimes. Examples of oscillating and non-oscillating storm behaviors are 

shown in Figures 6a and 6b, respectively, which are plots of the highest 

observed UMLSs and reflectivity cores through time for two particular storms. 
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Fig. 5. (a) Height of the UMLS (AGL, in m) versus the reported wind gust speed [mph] for all the 
storms examined herein. (b) Height of the 60+ dBz core (above the UMLS, in m) versus the 
reported wind gust speed [mph]. Regression values are shown. 
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Fig. 6. (a) Example of a storm with an oscillating behavior, occurred on 3 Aug 2011 in Norwich, 
KS. (b) Example of a storm with a non-oscillating behavior, occurred on 3 Aug 2011 in Alva, OK. 
Both plots show the progression through time of the highest UMLS and 60+ and 50+ dBz cores, 
and the ambient freezing level as a reference (all appropriate labels shown). 
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Examining ZDR below, within and above the elevation angle of the UMLS 

also revealed some interesting patterns. In general, ZDR values were mostly large 

positive values (1 to 5 dB) below the UMLS, meaning the samples were 

predominantly larger particles with horizontal dimensions greater than their 

vertical dimensions, such as large rain drops (as expected in strong convection). 

Within the UMLS, ZDR values generally showed a wide variation from negative to 

positive values (-3 to 3 dB, for example), which would mean the samples had 

particles of a variety of different shapes and sizes (and thus the low correlation 

coefficients). Above the UMLS, ZDR was generally more stratified, with values 

typically around -1 to 0 dB, meaning most particles were nearly spherical (or 

tumbling), or slightly larger in the vertical dimension than in the horizontal (see 

Appendix B for all recorded ZDR values). 

The freezing level height inside the updraft was found to vary from the 

ambient level throughout all of the storms’ life cycles. Melting layer signatures 

were observed in updrafts as low as 0.1 km (roughly 0.06 miles) above the 

ambient freezing level, up to as high as 4.4 km (roughly 2.73 miles) above 

ambient (see Appendix B for all the recorded UMLS heights for each storm, as 

well as all the recorded 50+ and 60+ dBz core heights, plots like the ones in Fig. 

6, and the recorded ZDR values below, within and above the UMLS for each 

storm). Even though no correlation was found between the height of the UMLS 

above the ambient melting layer and the strength of the reported wind gust, the 

methodology used to examine the storms proved to be effective and useful.  
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 Determining whether or not a pocket of minimum ρHV values was an 

UMLS was as simple as looking at a vertical cross section through the target 

area and determining if an updraft was present. If the reflectivity contours 

appeared to be pointing upward with a core of higher values (50 to 70 dBz) in the 

middle, then it was confirmed to be an updraft. Conversely, if the reflectivity 

contours were pointing downward and there was no core of higher values, or if 

there did not appear to be any organized storm structure in the cross section at 

all, then the absence of an updraft was confirmed and the ρHV minimum was 

determined to be caused by something other than melting particles. Figures 7a 

and 7b show an example of an UMLS in a PPI of ρHV (at 8.1° tilt) and the 

corresponding vertical cross section of reflectivity, respectively. The black arrow 

indicates the UMLS and the white line through the UMLS indicates the location of 

the vertical cross section. This was for the report in Argonia, KS. 

 The vertical cross section in Fig. 7 shows a nice updraft with a BWER and 

strong reflectivity core, and because it is in the same location as the low ρHV 

anomaly, it is safe to assume that the updraft, or more specifically the melting 

layer within the updraft, caused the anomalously low ρHV values. This technique 

was just as effective for identifying UMLSs as it was for ruling out an UMLS as 

the cause for a low ρHV anomaly. Figures 8a and 8b show a PPI of ρHV (at 3.2° 

tilt) and the corresponding vertical cross section, respectively, of a case where an 

isolated low ρHV anomaly did not correspond to an updraft at all. The black arrow 

indicates the low ρHV anomaly of interest and the white line through it indicates 

the location of the vertical cross section. This was from the case in Newkirk, OK. 
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Note that there is neither a strong reflectivity core nor any other sign of an updraft 

in the cross section, suggesting that the low ρHV anomaly was caused by some 

phenomenon other than melting precipitation. This is just a minor issue to be 

aware of when using these techniques to investigate thunderstorms. 

 In one of the cases, both the ambient bright band and an UMLS were 

visible in a PPI of ρHV at the same tilt angle. The ambient melting layer appeared 

as a ring of anomalously low values centered on the radar site. The UMLS was 

farther from the radar than the ambient melting layer ring, and thus higher above 

ground. This was interesting to see because the radar beam first transected the 

ambient melting layer and then later along its path, getting higher above ground 

as it traveled, it transected the updraft melting layer in that particular 

thunderstorm. Figure 9 shows a double pane display of this case, with ρHV and 

reflectivity both shown for the same time and location, but different tilt angles. 

 The ambient melting layer ring in Fig. 9 agrees with the findings of Tabary 

et al. (2006), except that it does not show up in the reflectivity field. This makes 

sense because this case is a convective precipitation event, with which 

conventional reflectivity is known to struggle with detecting the melting layer. The 

elongated strip of lower ρHV values in the left pane of Fig. 9 is likely not due to 

meteorological causes, but rather is likely a hail spike, also known as a three-

body spike (e.g. Hubbert et al. 1998; Lemon 1998; Zrnic´ 1987), which would 

mean the signal interacted with the hail, then the ground, then the hail again 

before returning to the radar antenna. 
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Fig. 7. (a) Plan view of ρHV at 8.1° tilt from KICT at 0152 UTC on 4 Aug 2011 with a black arrow 
indicating the UMLS and white line indicating the position of the vertical cross section shown in, 
(b) Vertical cross section of reflectivity at the same time as in (a). 

   

(a) 

(b) 
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Fig. 8. (a) Plan view of ρHV at 3.2° tilt from KVNX at 2010 UTC on 11 May 2011 with a black arrow 
indicating the low ρHV anomaly and white line indicating the position of the vertical cross section 
shown in, (b) Vertical cross section of reflectivity at the same time as in (a).  

(a) 

(b) 
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Fig. 9. A two-panel display of the storm on 11 June 2011 at 0501 UTC from KVNX is shown. The 
left panel is ρHV at the 6.4° tilt angle with the ambient melting layer (ML), updraft melting layer 
signatures (UMLS) and hail spike all labeled. The right panel is at the same location, time and 
zoom as in the left panel but with base reflectivity at the 0.5° tilt angle. 
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CHAPTER 4 

 

4. Discussion and Conclusions  

a.   Discussion 

 The fundamental concept of a melting layer was under scrutiny in this 

thesis. It is the layer of the atmosphere through which falling ice particles 

undergo phase change from solid to liquid, taking on an outer coating of water 

and assuming irregular shapes in the process. For all intents and purposes, the 

top of this layer is the 0° C level, alternatively referred to as the freezing level for 

rising particles. In the context of this research, finding the highest melting layer 

signature within an updraft is synonymous with finding the 0° C height within that 

updraft.  

 The concept of a false UMLS introduced itself during this study. A false 

UMLS was considered to be any low ρHV anomaly that was not associated with 

an updraft (as determined by vertical cross sections) or too high (AGL) to be at 

the 0° C height within the updraft. An example of a low ρHV anomaly that is too 

high to be an UMLS would be when in one radar volume scan there is a low ρHV 

anomaly at a given elevation angle, confirmed by vertical cross section to be an 

UMLS, and then in the next frame the updraft appears to have weakened 

(diminished and/or fallen reflectivity core, fallen storm top heights, etc.), but there 

is a low ρHV anomaly at a higher elevation angle. If the updraft had appeared to 

weaken, then the UMLS would logically not be higher than it was before, and 

therefore the low ρHV anomaly would have been caused by some other 
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phenomenon. These false UMLSs and any other low ρHV anomalies that were not 

associated with updrafts serve as reminders of the importance of using the 

vertical cross sections in conjunction with the plan views of ρHV. Finding a low ρHV 

anomaly is only half of the work required to determine the height of an UMLS; the 

other half is diagnosing an updraft using vertical cross sections. Figure 10a 

shows a low ρHV anomaly that was not associated with an UMLS and Fig. 10b 

shows the corresponding cross section. Note the anemic reflectivity appearance 

in the cross section. Also note that the low ρHV anomaly occurred at a height of 

about 33,000 ft, which is higher than all of the 40 dBz echoes.  

 

 
 

Fig. 10. (a) Plan view of ρHV at 6.5° tilt from KVNX at 1914 UTC on 11 May 2011 with a black 
arrow indicating the false UMLS and the white line indicating the position of the vertical cross 
section shown in, (b) (continued on next page) 

(a) 
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Fig. 10 (b) Vertical cross section at the same time as in (a). 
 

Finding the top of the melting layer is not always entirely accurate, as 

there are gaps of missing data between tilt angles in the PPI mode. Therefore, a 

storm’s true UMLS could lie above the highest visible low ρHV anomaly but below 

the next tilt angle. Through simple geometry, the height AGL can be calculated 

for any point, given the distance from the radar and the tilt angle. The 

GR2Analyst software calculates and displays the height ARL (which was treated 

as the height AGL) for all the points within the radar coverage area (GRLevelX 

2011). At a fixed tilt angle, the height AGL increases with increasing horizontal 

distance from the radar. The vertical distance between tilt angles also gets larger 

with increasing horizontal distance from the radar. Hence, for storms that are 

farther from the radar there is a greater chance of the highest UMLS being lost 

between tilt angles. For example, at a distance of five miles from a radar site, the 

(b) 
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height AGL increases by approximately 500 feet for every one degree increase in 

the tilt angle. This is not a terribly large gap for missing data because the range 

of UMLS heights (above the ambient freezing level) was roughly from 4100 feet 

to 14,000 feet within this study. At a distance of five miles from the radar, 

erroneous values for a storm’s UMLS heights could only be as much as about 

500 feet too low, because otherwise the UMLS would appear on the next higher 

tilt angle (assuming that the difference between each tilt angle is one degree—

the actual elevation angles sampled in one volume scan often vary in both 

number and separation). 

 However, at a distance of sixty miles from a radar site, the height AGL 

increases by approximately 6000 feet for every one degree increase in the tilt 

angle. This is a considerable gap for missing data. With only one degree 

between tilt angles, the highest visible UMLS could be too low by as much as 

about 6000 feet. This error potential would increase if there were multiple 

degrees between tilt angles. Since this error potential changes with distance from 

radar and varies for all different volume coverage patterns, it is difficult (if not 

impossible) to control for, especially because data simply do not exist between tilt 

angles. For this thesis, there was no way to anticipate or account for these 

potential errors, so the highest UMLS that could be seen was taken to be the top 

of the melting layer (and thus the freezing level), and that was the best and only 

way to handle it. 

 In future studies like this, using the RHI mode would be preferable to the 

PPI mode, which was used here. The RHI scan mode scans continuously in the 
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vertical, whereas the PPI mode scans continuously in the horizontal (in both 

cases the scanning is not literally continuous, but since the radio waves are 

traveling at the speed of light, the discreteness is negligible). Thus, the RHI mode 

offers much better vertical resolution than the PPI mode, although the vertical 

dimension is known to be slightly stretched (see Rinehart 2010). Data from a PPI 

volume scan can be used for computer generated products such as vertical cross 

sections (which were used for this research) and synthetic RHI displays. 

However, these products are only as good as the data provided by the PPI 

mode, so there are still gaps in the data between scan angles. Smoothing 

techniques do help make these products look more aesthetically pleasing, but 

any undetected features between scan angles would still not be accounted for. 

Therefore, the RHI mode would still be much better for this type of research. 

Unfortunately, some radar antennas, such as the KICT and KVNX antennas, 

which were used for this project, are not capable of scanning in RHI mode. The 

improved vertical resolution would allow the user to see the full structure of the 

melting layer as it bends upward in an updraft (as in Shusse et al. 2011, see Fig. 

3), downward in a downdraft (as in Teshiba et al. 2009, see Fig. 4), and returns 

to the ambient level in stratiform precipitation. 

 Future work similar to this would also benefit from having wind data that 

are more reliable than SPC reports. For example, a study like this at Cape 

Canaveral would benefit from using wind data from the weather tower network 

surrounding CCAFS/KSC (see Fig. 11). The data would have much higher 

temporal and spatial resolutions (in both the horizontal and vertical) than single 
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wind reports, and they would likely tend to be more accurate than firsthand 

testaments from live weather observers. Wind tower data would reflect the 

evolution of a storm’s winds over its whole lifetime, rather than just a single 

reported gust speed at one given time. 

 

Fig. 11. The locations of all the wind towers in the CCAFS/KSC wind tower network are shown 
(e.g. Ander et al. 2009), with an insert showing a red star where the zoomed-in portion is located 
in Florida.  

 

A single reported wind may not necessarily be the strongest wind 

produced by that storm during its lifetime. In this study, a wind report was 

assumed to be the strongest wind produced by that particular storm. Likewise, 

the highest UMLS observed in that storm’s lifetime was taken to be a 

representation of the storm’s maximum updraft strength. But, with the tower 

network, instead of observing a storm’s greatest wind gust, perhaps a future 

study would be able to plot the continuous evolution of a storm’s winds, ideally 
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while simultaneously observing the fluctuating bright band height through RHI 

scans. If a similar study were to find results differing drastically from those 

presented here, then the integrity of the wind data used here would be in 

question, and certainly not the radar data or methodology. 

A varying 0° C height in an updraft is a concept that makes physical 

sense. Assuming that the freezing level (or melting layer) is stationary in a case 

of stratiform precipitation is a safe and reasonable assumption because of weak 

vertical motions; any actual change in the freezing level height would likely be 

negligible. However, assuming that the freezing level is stationary in a case of 

convection and strong vertical motions is clearly incorrect. The results of this 

research support the idea that the freezing level is higher in convective updrafts 

than in the surrounding ambient air. Two explanations are offered here. 

The freezing level in an updraft is higher above the ambient freezing level 

likely due to two mechanisms which could easily work together simultaneously. 

The first is the mechanical lift provided by rising air. Unstable parcels ascending 

through the atmosphere may act to physically bend isothermal surfaces upward. 

The second is the thermodynamic effect that rising air has on the environment. 

As pressure decreases with height, a rising parcel will cool adiabatically and the 

water vapor within the parcel will eventually begin condensing. The latent heat 

released from condensation (as well as deposition and freezing) would thus act 

to warm the surrounding environment. The idea of a parcel is merely conceptual, 

so a realistic updraft, which can be considered an essentially continuous train of 

unstable, rising parcels, will act to locally warm the surroundings because of the 
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latent heat release. This localized warming would cause the isotherm heights to 

be higher in the updraft than in the surrounding environmental air. The freezing 

level would be lower than ambient in a downdraft because of the inverses of 

these mechanisms. First, negatively buoyant parcels descending through the 

atmosphere may act to physically bend isothermal surfaces downward. Second, 

as these parcels descend they encounter higher pressure and warm 

adiabatically, which would lead to the melting (and sublimation) of ice, as well as 

evaporation of liquid water. Thus, the freezing level would be lowered 

thermodynamically due to latent heat consumption by the downdraft parcels. 

The fact that the results of this research suggest no correlation between 

an updraft’s greatest melting layer height and the speed of the storm’s reported 

wind gust suggests that the mechanisms controlling updraft strength and 

downdraft strength are nearly independent of each other (assuming that the 

height of a storm’s UMLS and the strength of the wind gusts are good indicators 

of updraft and downdraft strengths, respectively). In other words, the strength of 

an updraft does not tell the strength of the downdraft, and vice versa. This is 

likely due to the fact that updraft strength and vertical extent are primarily 

determined by instability, given a triggering mechanism, and downdraft strength 

is primarily determined by entrainment and negative buoyancy, given the 

presence of precipitation loading. An updraft represents the ability of a storm 

(and its environment) to build and grow more intense, whereas a downdraft 

represents the ability of the storm to cease and deteriorate. A storm’s longevity is 

dependent on a delicate balance between the updraft, downdraft and the spatial 
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separation of the two. The only possible connection between the strengths of the 

updraft and downdraft is that the downdraft is stringently limited by the amount of 

moisture provided to the middle and upper atmosphere by the updraft. However, 

the speed at which the downdraft descends must not otherwise be controlled by 

the updraft. 

Explicitly predicting downdraft speed just based on entrainment effects 

would be impossible without a number of observed soundings distributed 

spatially around a storm throughout its life cycle, or grid point soundings from 

short-term, high-resolution models. Dew point depression, wet bulb temperature, 

mixing ratio, and downdraft convective available potential energy (DCAPE) are 

just some possible parameters that could be used to determine possible 

downdraft speeds from the relative dryness of the air aloft. If a study similar to 

this one were to control for entrainment, the results might in fact show that higher 

UMLSs (i.e. stronger updrafts) would be correlated with stronger convective 

winds. In other words, given the same amount of available dry air aloft, stronger 

updrafts would bring more moisture to the middle and upper atmosphere than 

lesser updrafts, and therefore more negative buoyancy could be generated by 

evaporational cooling; thus, stronger updrafts would hypothetically lead to 

stronger downdrafts. But, even if future studies could control for the effects of 

entrainment, they would certainly struggle to control for the numerous microscale 

interactions that would affect downdraft speed, such as friction or mixing, for 

example, unless these things were modeled. 
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Given the results presented here, and the fact that controlling for 

entrainment would be difficult to do on a storm-by-storm basis, the warning lead 

times for convective winds at CCAFS/KSC cannot be improved with the methods 

used in this research. This is not surprising, given the results of previous studies. 

Rennie (2010) had concluded that the correlation between the ambient freezing 

level and the height of the maximum reflectivity was not adequate for forecasting 

peak convective wind gusts. Whether using the ambient freezing level or updraft 

freezing level, looking at updraft strength does not help in forecasting wind gust 

speeds. Rennie (2010) also concluded that sufficient VIL values would imply 

stronger downdrafts because more evaporational cooling would occur; however, 

the amount and extent of entrainment could not have been known, so although 

downdraft strength can be considered limited by the amount of moisture provided 

by an updraft, it is not controlled by the strength of that updraft. 

Furthermore, Dinon et al. (2008) had found that weak, moderate and 

strong cells can all produce winds that meet CCAFS/KSC warning level criteria. 

They used reflectivity cores to determine a storm’s strength. The likely 

explanation is that a storm can have any sort of apparent strength as gauged by 

reflectivity, but that gauge is irrelevant and will not tell any information about the 

storm’s downdraft strength because entrainment, evaporational cooling and 

negative buoyancy determine downdraft strength. This matches the hypothesis 

developed by Ander et al. (2009), that seemingly weak to moderate storms 

producing warning-criteria winds may only seem weak because they are 
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collapsing. Thus, strong winds may sometimes be accompanied by diminishing 

reflectivity cores. 

This work shows that using polarimetric radar data alone to observe the 

changing height of the melting layer within a convective updraft will not help to 

predict the speed of the ensuing wind gusts that the storm will produce. However, 

dual polarization radar has demonstrated its usefulness for observing the varying 

height of the melting layer in convective updrafts. Barring the aforementioned 

potential error sources with using PPI scans instead of RHI scans, any observed 

increase in the melting layer height within a thunderstorm’s updraft can be 

considered indicative of updraft strength increase and thus the promotion of the 

storm’s longevity, but not an indicator of subsequent downdraft strength.  

With the methods used for this research, only the top of the melting layer 

could be located, not the bottom. There tended to be many pockets of 

anomalously low ρHV at lower tilt angles within convection, so locating the bottom 

of the melting layer was nearly impossible. Instead of focusing on the height of 

the melting layer in an updraft, future work should focus on the depth of melting 

layer depressions in downdrafts. This makes sense, given the idea that updraft 

strength does not seem to govern wind gust speeds (obviously excluding wind 

gusts that result from sustained inflow). Future studies are still encouraged to use 

RHI scans, as they will likely allow for easy tracking of both the lifting of the 

melting layer in convective updrafts and the depression of the melting layer in 

convective downdrafts (e.g. Figs. 3 and 4). It would be interesting to see what 

kinds of correlations, if any, exist between the downdraft melting layer depression 
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depth and the speed of convective wind gusts. However, warning lead times at 

CCAFS/KSC would still not improve because the downdrafts being observed 

would likely already be producing strong wind gusts. 

Since the research presented here only focused on two radar sites in the 

Midwest United States, a comparison of similar studies for numerous dual 

polarization radar sites would be interesting. For example, warm season 

climatologies could be compiled for both ambient and convective updraft melting 

layer heights, and convective wind gusts, in the Midwest and in Florida. A 

number of differences would likely exist. For example, Sanger (1999) found the 

majority of peak wind gusts occurring at CCAFS/KSC are between 25 and 40 kts 

(about 28.8 to 46.1 mph). The wind gusts from the cases examined in this thesis 

ranged from 45 to 90 mph. Although the number of cases examined here is a 

small sample, the larger wind gusts over the Midwest suggest that drier air exists 

over the Midwest compared to Florida, therefore more entrainment would occur 

in the Midwest than in Florida, and thus stronger downdrafts would occur in the 

Midwest (even though the updraft strengths in the Midwest and Florida could 

very well be similar). 

There would still likely be a separation between updraft and downdraft 

strengths if a climatological study were to compare the Midwest and Florida. 

Also, a study examining the melting layer height within rotating updrafts may turn 

out interesting results, and dual polarization radar would certainly be the tool to 

use. Rotating storms were considered to be outside the scope of this research. 
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Although ZDR was examined here, it was not the main focus of this thesis. 

The results show that typically the precipitation particles below the UMLS are 

large with greater horizontal dimensions (on average); within the UMLS there is a 

wide variation of particle shapes and sizes; and above the UMLS there are 

mostly spherical particles and particles with slightly greater vertical dimensions 

(on average). Within the melting layer, a wide variety of precipitation particle 

shapes and orientations are expected because of the transition from ice to liquid. 

The wide range of ZDR values corresponds nicely to the low correlation coefficient 

values, as there would not be a high average correlation between particles’ 

horizontal and vertical dimensions if there are many different particle orientations 

and shapes. Above the UMLS, particles are assumed to be entirely frozen, and a 

slightly higher vertical dimension is indicative of graupel, which is a frozen 

particle. The tendency toward spherical particles above the UMLS is indicative of 

either small, round hailstones, or any irregularly shaped ice particle that may be 

tumbling as it falls. Below the UMLS, the large particles with greater horizontal 

dimensions must be large, fully melted raindrops.  

The whole progression of precipitation particles from ice to liquid is nicely 

visualized with the ZDR images. Falling particles start off as smaller ice particles 

at higher heights, then take on the outer coating of liquid water as they fall 

through the melting transition layer, and ultimately turn into large rain drops once 

the ice is totally melted. This raises questions about the physics of particles in an 

updraft. Falling particles will undergo the phase change as described above, but 

with an updraft there are also particles being lifted. Certain particles, such as 
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large hail, will be too heavy to be held aloft by the updraft, whereas smaller 

particles will continue to be lifted. Some particles may even stay roughly around 

the same height for a short length of time in the event that the forces acting on 

them (such as the updraft, gravity, friction, etc.) are balanced. In the case of lifted 

particles, the phase change will go in the opposite direction as described above. 

Rising particles will start as liquid, then they will freeze as they reach higher 

heights and lower temperatures. Perhaps the bright band of lower correlation 

coefficient values, which is attributed to the melting layer for falling particles, can 

also be considered the freezing layer for rising particles in the case of particles 

being lifted higher by an updraft. This would rearrange the paradigm of the 

freezing level and melting layer as described earlier. Instead of the 0° C level 

being the top of the melting layer, it would be the bottom of the freezing layer. 

Further analysis of these intricacies is out of the scope of this research. 

 

b.   Conclusions 

 This thesis can serve as a proof of concept for using dual polarization 

radars to examine updraft melting layer variations. The methods used to examine 

the melting layer heights within convective updrafts proved to be useful and 

effective, despite the lack of correlation between the updraft melting layer height 

and the wind gust speeds. The variable updraft melting layer height is easily 

observable through the combination of vertical cross sections of base reflectivity 

and plan views of ρHV. In future studies, using a radar antenna capable of RHI 

scanning, or software capable of adequately displaying vertical cross sections of 



49 

 

polarimetric variables, would eliminate the need to examine two products 

simultaneously, as well as allow for the observation of downdraft melting layer 

depressions. Also, future studies would benefit from the use of higher resolution 

wind data, as well as sounding data, in both time and space. For this research, 

SPC wind reports, standard observed soundings, and the combination of vertical 

cross sections of reflectivity and plan views of ρHV had to suffice. Certainly, wind 

data from the tower network at CCAFS/KSC (see Fig. 11), time- and point-

specific soundings, and RHI scans would have been beneficial to use instead, 

but the proof of concept remains nevertheless: the polarimetric correlation 

coefficient can be used to observe the varying melting layer height within 

convective updrafts. The key result of this research was that there appears to be 

no correlation between the highest height of the melting layer in a storm’s updraft 

and the speed of the wind gusts produced by that storm. Therefore, warning lead 

times at CCAFS/KSC cannot be improved with this methodology. 

Although preliminary, the results of this research simply show that updraft 

strength does not govern downdraft strength. This suggests that the processes 

controlling the ascent rate of a rising parcel are almost entirely separate from the 

processes controlling the decent rate of a sinking parcel. A strong updraft is a 

sign of a storm’s longevity, but certainly not a representation of the downdraft 

strength or wind gust speed.  
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APPENDIX A 

Units of ZDR and LDR (adapted from Rinehart 2010) 

 

The units of both differential reflectivity ZDR and linear depolarization ratio 

LDR are decibels (dB). At first glance this can seem confusing, given the 

mathematical definitions of these parameters (see below), because the units of 

decibels of reflectivity (dBz) in the fractions would appear to cancel, leaving both 

equations dimensionless (the strikethrough is only used within this appendix to 

help distinguish between upper case Z and lower case z). 

                                                                          
  
  
                                                          (  ) 

                                                                         
   
   

                                                       (  ) 

However, the definition of decibels and the rules of logarithms ultimately make 

both equations work out such that the units are dB. Note that when using logs, 

base 10 is always implied if no base is given. 

 A decibel is defined as a logarithmic ratio of a physical quantity, usually 

power or intensity. A logarithmic ratio of any two values (with the same units) is a 

relative ratio, with no reference value, and has units of dB. A logarithmic ratio of a 

value relative to a specified reference value is an absolute ratio and has units of 

dBx, where x is the quantity represented in the ratio. In comparison to these 

logarithmic ratios, there is also a simple linear ratio, which is unitless. 
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It is important to note that the linear definition of reflectivity is used in the 

equations for ZDR and LDR, not the logarithmic definition. Logarithmic reflectivity 

is typically denoted by Z with units of dBz, whereas linear reflectivity is typically 

denoted by z with units of  
   

  
. Linear reflectivity is calculated using the returned 

signal power measured by the radar antenna (which is known as Level I or raw 

data). The mathematical equation for z is given below, with Ni being the number 

of drops [# m-3] of diameter Di [mm] in a volume sample. 

                                                                       ∑    
 

 

   

                                                           (  ) 

The mathematical definition of logarithmic reflectivity is given below. 

                                                                        (
 

  
   

  

)                                                    (  )  

This is an absolute logarithmic ratio because there is a specified reference value 

of 1  
   

  
 in the denominator of the ratio. Linear reflectivity z [

   

  
] is in the 

numerator. Thus, the units of logarithmic reflectivity Z are decibels relative to a 

linear reflectivity reference value of 1  
   

  
, or just simply dBz.  

 The equations for both ZDR and LDR deal with relative ratios because they 

do not have specified reference values in the denominators. Using the log of 

quotients rule, the equations for ZDR and LDR can be rearranged. Only ZDR is 

shown here, for convenience, but it is the same for LDR. 

   
 

 
           

                                                      
  

  
                                                 (  )  
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 Here, because of logarithm properties, it is clear that a logarithmic 

difference is equal to a linear division. According to Rinehart (2010), if the 

reflectivities in the horizontal and vertical planes are represented logarithmically 

(ZH and ZV, respectively), instead of linearly, then the equation for ZDR becomes 

much simpler. By using the logarithmic definition of reflectivity, the equation for 

ZDR changes as follows. The breakdown of the units is also shown. 

         
  

  
   

  

      
  

  
   

  

         

           [   ]  [   ]       
   

  

  
   

  

 [  ]        
   

  

  
   

  

 [  ]  

                                                 (              )[  ]  [  ]                                 (  )  

 To recap, linear reflectivity z has units of 
   

  
 and is calculated using 

returned power signals from the radar antenna. Logarithmic reflectivity Z has 

units of decibels relative to a linear reflectivity value of 1 
   

  
, written as dBz, and 

is an absolute logarithmic ratio of linear reflectivity values. Differential reflectivity 

ZDR and linear depolarization ratio LDR both have units of dB and are relative 

logarithmic ratios of linear reflectivity values. 
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APPENDIX B 

Tabular Data and Plots for Each Case 

 

 Shown here are the datasets for each storm examined in this thesis. The 

storms are listed in order by reported wind speed, from lowest to highest. Each 

case’s header includes the three-letter radar site label, the date and time [UTC] 

of the report, the reported wind speed [mph], and the location. The vertical axes 

of the graphs represent height AGL. The horizontal axes are time [UTC]. The 

columns of data and the corresponding plots are all properly labeled and color 

coded. For example, the values in the column for maximum 60+ dBz core heights 

are in pink, as are the values in the columns for the heights of the 60+ dBz core 

above the updraft melting layer signature (UMLS) and above the ambient melting 

layer, which are denoted as “60 core – UMLS” and “60 core – Amb”, respectively. 

All units are properly labeled too. The column of ZDR values are for the radar tilt 

angles below the UMLS, within the UMLS, and above the UMLS. These values 

are appropriately written in the form “below / in / above UML”. All times are those 

from the radar volume scans that were used. 
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ICT, 24 Jul 2011, 1430, 45-55 mph, Madison KS

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

14:06 16000 17617 1617 493 12700 -4917 -3300 1 -- 3 / 0 -- 2 / ~0

14:12 16000 -16000

14:18 16000 19577 3577 1090 15000 -4577 -1000 2 -- 6 / 2 -- 4 / 0 -- 1

14:24 16000 20445 4445 1355 23100 2655 7100 0 -- 5.8 / -1.2 -- 3.9 / ~0

14:29 16000 26905 10905 3324 15300 23200 -11605 -3705 -700 7200 0 -- 1 / 0 -- 1.5 / ~0

VNX, 23 May 2011, 2201, 60 mph, Ponca City OK

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UMLS-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

21:23 14000 18400 4400 1341 1.7 -- 3.4 / -1.3 -- 3.1 / ~0

21:27 14000 18550 4550 1387 1.5 / -1.1 -- 0.6 / 0.1

21:32 14000 25500 11500 3505 32527 7027 18527 1 -- 3.8 / 0 -- 2 / -0.4 -- 0.8

21:36 14000 25600 11600 3536 36000 10400 22000 2.5 / -1.8 / ~0

21:40 14000 19580 5580 1701 25000 45000 5420 25420 11000 31000 1 -- 3.5 / 4.3 / ~0

21:45 14000 28500 14500 4420 30000 34000 1500 5500 16000 20000 -1 / -0.3 -- 1 / 0 -- 1

21:49 14000 22300 8300 2530 18700 38000 -3600 15700 4700 24000 -1 -- 1 / -0.3 -- 1.7 / ~0

21:53 14000 27000 13000 3962 7000 30500 -20000 3500 -7000 16500 3.5 / 1.4 / 1 -- 2

21:58 14000 23200 9200 2804 5500 40000 -17700 16800 -8500 26000 4 / 1.5 / ~0
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ICT, 3 Aug 2011, 0218, 60 mph, Argonia KS

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

1:17 16000 16350 350 107 11000 40000 -5350 23650 -5000 24000 1 -- 5 / -1 -- 3 / 0 -- 3

1:21 16000 16500 500 152 10000 27600 -6500 11100 -6000 11600 -0.3 -- 2.3 / -0.6 -- 1 / ~0.4

1:26 16000 20700 4700 1433 11800 35300 -8900 14600 -4200 19300 -1 -- 8 / -0.7 -- 4 / -1 -- 2

1:30 16000 24800 8800 2682 24400 31300 -400 6500 8400 15300 -1 -- 2 / -2.3 -- 3.8 / 0 -- 1

1:34 16000 28000 12000 3658 25900 45100 -2100 17100 9900 29100 -1 -- 4.3 / -1.3 -- 5 / 0 -- 1

1:39 16000 27500 11500 3505 24800 42100 -2700 14600 8800 26100 1 -- 4 / -2 -- 2 / 0 -- 1

1:43 16000 24500 8500 2591 31900 7400 15900 2 -- 3 / 0 -- 3 / 0.5

1:48 16000 24100 8100 2469 26000 31800 1900 7700 10000 15800 0 -- 7 / -1 -- 6 / -1 -- 1

1:52 16000 28300 12300 3749 37400 39000 9100 10700 21400 23000 -2 -- 6 / -1.6 -- 2 / ~0

1:56 16000 27000 11000 3353 33000 46100 6000 19100 17000 30100 -2 -- 7 / -3 -- 6 / ~0.5

2:01 16000 25000 9000 2743 37500 44200 12500 19200 21500 28200 0 -- 7 / -1.3 -- 4 / -1 -- 1

2:05 16000 24400 8400 2560 40000 51700 15600 27300 24000 35700 -2 -- 6.7 / -3.1 -- 4.9 / 0 -- 1

2:09 16000 22800 6800 2073 30000 47500 7200 24700 14000 31500 -1 -- 7.9 / -4 -- 6.8 / -0.5 -- 0.5

2:14 16000 21000 5000 1524 29000 36600 8000 15600 13000 20600 -1.4 -- 5.1 / -1.4 -- 4.1 / ~0

2:18 16000 20000 33000 4000 17000

ICT, 3 Aug 2011, 0233, 60 mph, Norwich KS

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

1:13 16000 26000 10000 3048 28300 36500 2300 10500 12300 20500 -0.2 -- 2.6 / -0.4 -- 2.2 / 0.5 -- 1

1:17 16000 20300 4300 1311 20900 33200 600 12900 4900 17200 1 -- 3.9 /  ~1 / 0.5

1:21 16000 25000 9000 2743 32300 7300 16300 0 -- 3.8 / -0.6 -- 2.2 / 0.5

1:26 16000 24300 8300 2530 33500 39300 9200 15000 17500 23300 0 -- 3.6 / -1 -- 3.9 / -1 -- 0

1:30 16000 23000 7000 2134 29000 36900 6000 13900 13000 20900 0.2 -- 6.8 / -1 -- 3.6 / -2 -- 2

1:34 16000 28400 12400 3780 26400 45300 -2000 16900 10400 29300 -1.4 -- 4.3 / -1.3 -- 5 / ~0.5

1:39 16000 17400 1400 427 24700 41400 7300 24000 8700 25400 1 -- 4.6 / 0 -- 3.5 / -1 -- 3

1:43 16000 24000 8000 2438 31700 7700 15700 0 -- 2.8 / 0 -- 3.5 / 0.4

1:48 16000 24500 8500 2591 27200 31800 2700 7300 11200 15800 -0.9 -- 6.5 / -1.1 -- 6.6 / ~0

1:52 16000 28400 12400 3780 36700 40200 8300 11800 20700 24200 -2 -- 7 / -1.6 -- 2 / ~0

1:56 16000 27000 11000 3353 31100 46600 4100 19600 15100 30600 -2 -- 7.5 / -3.3 -- 6 / ~0.4

2:01 16000 25300 9300 2835 36000 44300 10700 19000 20000 28300 7.6 / -1.4 -- 4 / -1 -- 0

2:05 16000 24000 8000 2438 40000 51100 16000 27100 24000 35100 -2 -- 6.8 / -3 -- 5 / ~0

2:09 16000 22700 6700 2042 29300 47050 6600 24350 13300 31050 -1.5 -- 8 / -4 -- 6.8 / ~0

2:13 16000 20900 4900 1494 30000 36700 9100 15800 14000 20700 -0.6 -- 5.6 / -1.6 -- 4.9 / ~0 -- 1

2:17 16000 21500 5500 1676 29000 7500 13000 -1 -- 5 / -2.4 -- 5 / ~0
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ICT, 24 Jul 2011, 2220, 60 mph, McPherson KS

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

21:29 15334 20155 4821 1469 1 -- 5.5 / 0 -- 1.9 / 1 -- 2

21:33 15334 18000 2666 813 18300 300 2966 0.5 -- 5 / 0 -- 5.8 / 0 -- 1

21:38 15334 17800 2466 752 22300 25700 4500 7900 6966 10366 0 -- 6.8 / -7.3 -- 4.7 / ~0 -- 1

21:43 15334 18000 2666 813 16400 24700 -1600 6700 1066 9366 -0.9 -- 5.9 / -0.9 -- 2.6 / ~0

21:47 15334 17500 2166 660 14800 20000 -2700 2500 -534 4666 0 -- 6.3 / -0.8 -- 5.3 / ~0

21:52 15334 17700 2366 721 20900 3200 5566 1.5 -- 5.9 / 1 -- 4 / -2 -- 0

21:57 15334 20400 5066 1544 25000 4600 9666 0 -- 7.9 / -1.8 -- 4.8 / 0 -- 1

22:02 15334 21200 5866 1788 22900 27700 1700 6500 7566 12366 -2.6 -- 6.4 / -0.5 -- 2.3 / 0 -- 1

22:06 15334 17182 1848 563 21900 28900 4718 11718 6566 13566 0 -- 5 / -1.4 -- 3.7 / 0 -- 1

22:11 15334

22:16 15334

22:20 15334

ICT, 24 Jul 2011, 2337, 60 mph, Caldwell KS

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

22:58 16407 12200 22700 -4207

23:03 16407 17745 22400 1338

23:07 16407 17700 1293 394 23000 5300 6593 0.8 -- 7.1 / -0.4 -- 7.9 / ~0 -- 1

23:12 16407 17800 1393 425 21300 25500 3500 7700 4893 9093 -0.2 -- 7.9 / -2.2 -- 6.4 / -1 -- 1

23:17 16407 18200 1793 547 21700 27200 3500 9000 5293 10793 -2.8 -- 6.2 / -2.9 -- 5.4 / 0 -- 1

23:22 16407 20500 4093 1248 17100 27200 -3400 6700 693 10793 1 -- 6 / -1.1 -- 5.2 / 0 -- 2

23:26 16407 20500 4093 1248 18100 27200 -2400 6700 1693 10793 -1 -- 5.7 / -0.6 -- 2 / 0 -- 1

23:31 16407 20100 3693 1126 18600 27600 -1500 7500 2193 11193 -0.3 -- 3.6 / -1 -- 1.8 / 0 -- 1

23:36 16407 9200 23100 -7207 6693

23:40 16407 18000 1593 486 24200 6200 7793 -0.9 -- 4.4 / -0.4 -- 3.3 / 0 -- 1
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VNX, 11 May 2011, 2010, 61 mph, Newkirk OK

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

19:01 13861 21200 7339 2237 28000 40600 6800 19400 14139 26739 2 -- 3.8 / -2 -- 3.8 / -1 -- 0.5

19:05 13861 25100 11239 3426 20000 28300 -5100 3200 6139 14439 ~0 / -2 -- 1.5 / ~0

19:09 13861 18900 5039 1536 18700 26200 -200 7300 4839 12339 -3 -- 3 / -2.8 -- 5 / ~0

19:14 13861 18700 4839 1475 19000 28200 300 9500 5139 14339 0 -- 7.8 / -4 -- 4 / 0 -- 1

19:18 13861 19000 5139 1566 21000 34000 2000 15000 7139 20139 7.9 / -5 -- 2 / ~0

19:22 13861 23300 9439 2877 20000 30000 -3300 6700 6139 16139 -4 -- 0 / -2.8 / -1

19:27 13861 18300 4439 1353 23000 30400 4700 12100 9139 16539 -2 -- 2 / -1 -- 1 / ~0

19:31 13861 27400 13539 4127 20000 31300 -7400 3900 6139 17439 ~0 / -2.8 / ~0

19:35 13861 19000 5139 1566 21500 27400 2500 8400 7639 13539 ~0 / ~0 / ~0

19:40 13861 19100 5239 1597 20500 30500 1400 11400 6639 16639 0 -- 3 / -0.5 -- 1 / -1 -- 0

19:44 13861 19450 5589 1704 25600 31800 6150 12350 11739 17939 -0.5 -- 5 / 0 -- 4.5 / ~0

19:48 13861 22700 8839 2694 21000 30500 -1700 7800 7139 16639 ~0 / -1 -- 1 / ~0

19:53 13861 18600 27300

19:57 13861 17000 30500

20:01 13861 25100 11239 3426 22400 25800 -2700 700 8539 11939 -1 -- 1 / -2 -- 1 / -2

20:06 13861 23600 9739 2968 23000 28300 -600 4700 9139 14439 -3 -- 6 / -1 -- 2 / ~0

20:10 13861

VNX, 3 Aug 2011, 0020, 64 mph, Freedom OK

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

23:19 16000 19422 3422 1043 29400 47100 9978 27678 13400 31100 0 -- 5.4 / -1.8 -- 4.2 / -1 -- 1

23:24 16000 26000 10000 3048 35500 41900 9500 15900 19500 25900 -3 -- 4 / -2.8 -- 0 / ~0

23:29 16000 24100 8100 2469 31100 7000 15100 -0.8 -- 2.9 / -1.4 -- 2 / 0 -- 1

23:34 16000 22870 6870 2094 31500 40000 8630 17130 15500 24000 0 -- 3.6 / -1.4 -- 2.1 / -1 -- 1

23:39 16000 17000 1000 305 33100 41500 16100 24500 17100 25500 -1.9 -- 4.6 / -1.4 -- 2.1 / -1 -- 1

23:44 16000 23100 7100 2164 17400 34500 -5700 11400 1400 18500 -1 -- 3.5 / -0.7 -- 3.1 / -1 -- 1

23:49 16000 21900 5900 1798 22800 40800 900 18900 6800 24800 -0.9 -- 3.1 / -2.4 -- 1.4 / ~0

23:54 16000 21700 5700 1737 24500 33700 2800 12000 8500 17700 -0.8 -- 3.9 / -1.5 -- 2.2 / -1 -- 0

23:59 16000 20400 4400 1341 27300 35500 6900 15100 11300 19500 -1 -- 5.4 / -1.2 -- 3 / -1 -- 1

0:04 16000 25700 9700 2957 31200 38300 5500 12600 15200 22300 -1.8 -- 3.2 / -1.9 -- 4.9 / -1 -- 2

0:09 16000

0:14 16000 22000 6000 1829 19200 32100 -2800 10100 3200 16100 -1.8 -- 5.7 / -2.3 -- 2.3 / 0 -- 1

0:19 16000 21800 5800 1768 30000 35800 8200 14000 14000 19800 0 -- 4.3 / -1 -- 2.9 / 0 -- 3
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ICT, 23-24 Jul 2011, 2358 and 0003, 68 mph, Kingman KS

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

23:00 16500 19630 3130 954 20500 870 4000 0 -- 3.8 / 0.5 -- 4.3 / 0 -- 1

23:05 16500

23:09 16500 21200 4700 1433 17600 22800 -3600 1600 1100 6300 -2.5 -- 7.3 / -0.7 -- 4.1 / ~0

23:14 16500 21104 4604 1403 21000 23700 -104 2596 4500 7200 1.3 -- 4.9 / -0.4 -- 2.9 / ~1

23:19 16500 20974 4474 1364 17600 24200 -3374 3226 1100 7700 0 -- 5.3 / -0.8 -- 2 / ~0

23:23 16500 16500 0 0 20000 29000 3500 12500 3500 12500 0 -- 7.3 / -1.8 -- 6.7 / -0.8 -- 2.8

23:28 16500 16500 0 0 18000 26400 1500 9900 1500 9900 -1 -- 4 / 0 -- 3.8 / -1 -- 0

23:33 16500 19700 3200 975 18100 23500 -1600 3800 1600 7000 -1 -- 7.6 / -2.6 -- 5 / 0 -- 1

23:37 16500 19880 3380 1030 16200 32400 -3680 12520 -300 15900 1 -- 5 / -1.7 -- 4 / 0 -- 1

23:42 16500 20292 3792 1156 21000 31200 708 10908 4500 14700 0 -- 5.6 / -2.5 -- 7.2 / -1.8 -- 0

23:47 16500 18800 2300 701 10700 27000 -8100 8200 -5800 10500 0 -- 4.4 / -2 -- 3 / 0 -- 1

23:52 16500 19577 3077 938 12600 22000 -6977 2423 -3900 5500 0 -- 5 / 0 -- 5 / 0 -- 1

23:56 16500

0:01 16500

VNX, 11 Jun 2011, 0537 (12th), 70 mph, Blackwell OK

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

4:43 14970 22400 7430 2265 27000 34300 4600 11900 12030 19330 -2.8 -- 6.3 / -3.3 -- 5.3 / -1 -- 1

4:48 14970 23500 8530 2600 24000 34000 500 10500 9030 19030 -4 -- 4.7 / -2.1 -- 1 / ~0

4:52 14970 28200 13230 4033 23500 36600 -4700 8400 8530 21630 -1.2 -- 1.1 / -2.3 -- 6.7 / -1.5 -- 0

4:56 14970 24400 9430 2874 24800 35700 400 11300 9830 20730 -7.6 -- 7 / -2.6 -- 2.7 / -1 -- 1

5:01 14970 22800 7830 2387 25900 30900 3100 8100 10930 15930 -4.6 -- 4.9 / -3.8 -- 1.4 / 0 -- 1

5:05 14970 22100 7130 2173 21100 30800 -1000 8700 6130 15830 -2 -- 6.4 / -3 -- 3 / -1 -- 1

5:09 14970 23000 8030 2448 27000 4000 12030 -1.8 -- 4.4 / -3 -- 3 / -1 -- 1

5:14 14970 23000 8030 2448 22900 28900 -100 5900 7930 13930 -2 -- 6.8 / -2 -- 1.6 / -1 -- 1

5:18 14970 20200 5230 1594 23500 27800 3300 7600 8530 12830 -2.5 -- 7 / -2 -- 3 / -1 -- 1

5:22 14970 20200 5230 1594 20900 28600 700 8400 5930 13630 -2 -- 6.5 / -3 -- 3 / -1 -- 0

5:27 14970 27700

5:31 14970 22800 7830 2387

5:35 14970

5:40 14970
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VNX, 3 Aug 2011, 0033, 76 mph, Alva OK

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

23:54 16000 21800 5800 1768 2.3 / 3 / 1

23:59 16000 22000 6000 1829 19600 35900 -2400 13900 3600 19900 1 -- 4.5 / -2.8 -- 4 / 0

0:04 16000 25500 9500 2896 35200 45400 9700 19900 19200 29400 3 -- 8 / -1.6 -- 3 / 0 -- 1

0:09 16000 25900 9900 3018 40200 46500 14300 20600 24200 30500 -1 -- 1 / 0 / -1 -- 0

0:14 16000 22300 6300 1920 38100 44900 15800 22600 22100 28900 -2 -- 1.5 / -1 -- 0 / 0

0:19 16000 25500 9500 2896 31400 42500 5900 17000 15400 26500 0 -- 2 / -1 -- 2 / ~0

0:24 16000 23400 7400 2256 20000 34800 -3400 11400 4000 18800 1 -- 4 / 0 -- 3 / 0

0:29 16000 17400 31800 17400 31800 1400 15800

0:34 16000 19000 32000 19000 32000 3000 16000

VNX, 3 Aug 2011, 2200, 77 mph, Red Rock OK

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

21:40 16000 22622 6622 2018 38600 15978 22600 -0.8 -- 2.9 / -1.7 -- 0.5 / ~0

21:45 16000 26252 10252 3125 28000 1748 12000 0 -- 4 / -2.5 -- 1.9 / -1 -- 0

21:50 16000 21095 5095 1553 20000 32100 -1095 11005 4000 16100 -1 -- 3 / -2.4 -- 3 / ~0

21:55 16000 23300 7300 2225 14100 27100 -9200 3800 -1900 11100 0 -- 1 / 0 -- 1 / 0 -- 1

22:00 16000
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VNX, 3 Aug 2011, 0001, 81 mph, Mooreland OK

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

23:04 16000 22750 6750 2057 33200 47000 10450 24250 17200 31000 0 -- 4.2 / -1 -- 3.8 / 0 -- 2.1

23:09 16000 25450 9450 2880 21700 40000 -3750 14550 5700 24000 -0.6 -- 2.6 / / ~0

23:14 16000 21000 5000 1524 34500 13500 18500 5.6 / -1.8 -- 3.5 / 0 -- 1.5

23:19 16000 20500 4500 1372 26000 41100 5500 20600 10000 25100 -2 -- 2 / ~0 / ~0

23:24 16000 26500 10500 3200 29000 44000 2500 17500 13000 28000 -1.9 -- 3.8 / -1 -- 2.4 / ~0

23:29 16000 22700 6700 2042 26500 41100 3800 18400 10500 25100 -1 -- 1 / / 0 -- 1

23:34 16000 24000 8000 2438 21700 37800 -2300 13800 5700 21800 0 -- 4.4 / -4 -- 6 / -1 -- 0

23:39 16000 23600 7600 2316 24000 38700 400 15100 8000 22700 -1 -- 6 / -2 -- 2.5 / -1 -- 0 

23:44 16000 25600 9600 2926 29100 38500 3500 12900 13100 22500 0 -- 4.1 / -3.8 -- 2.4 / -4 -- 4

23:49 16000 26000 10000 3048 30000 38000 4000 12000 14000 22000 -2.8 -- 5.9 / -4.7 -- 1.3 / ~0

23:54 16000 27000 11000 3353 37200 42600 10200 15600 21200 26600 -3.8 -- 4 / -1.8 -- 2 / 0 -- 1

23:59 16000 25000 9000 2743 33400 45000 8400 20000 17400 29000

ICT, 3 Aug 2011, 0117, 90 mph, Pretty Prairie KS

[UTC] [ft] [ft] [ft] [m] [ft] [ft] [ft] [ft] [ft] [ft] [dB]

Time Ambient 0° C Hgt UMLS Height UMLS - Ambient UML-Amb Max 60+ dBz Hgt Max 50+dBz Hgt 60 core - UMLS 50 core - UMLS 60 core - Amb 50 core - Amb ZDR below / in / above UML

0:16 16000 17500 1500 457 30000 36000 12500 18500 14000 20000 0 -- 5.6 / -1 -- 4.6 / 0 -- 1

0:20 16000 21500 5500 1676 20000 30000 -1500 8500 4000 14000 0 -- 3 / 2 / 0

0:24 16000 21000 5000 1524 18300 25500 -2700 4500 2300 9500 2 / 0.8 -- 4 / ~1

0:29 16000 18000 2000 610 16900 0 -- 1.4 / -4.6 -- 2.5 / -0.6 -- 0.8

0:33 16000 20800 4800 1463 20400 1 -- 2.7 / 0.8 -- 1.8 / 0.6

0:38 16000 19700 3700 1128 21300 4.8 / -1.6 -- 3 / 0

0:42 16000 20000 4000 1219 20000 21700 0 1700 4000 5700 -0.5 -- 5 / 0 -- 2.6 / 0.5

0:46 16000 22300 6300 1920 22800 30000 500 7700 6800 14000 5.6 / -2.9 -- 8 / -1.8 -- 1

0:51 16000 22400 6400 1951 25000 36700 2600 14300 9000 20700 -1.5 -- 5.3 / -1.7 -- 6.3 / ~0

0:55 16000 22400 6400 1951 28900 37400 6500 15000 12900 21400 -1 -- 4 / -1.8 -- 1 / -0.3 -- 1.3

0:59 16000 22800 6800 2073 23700 42700 900 19900 7700 26700 -0.2 -- 5.2 / -2.8 -- 6.3 / 0 -- 1

1:04 16000 22100 6100 1859 23600 35600 1500 13500 7600 19600 -0.8 -- 6.4 / -2.9 -- 5.3 / 0 -- 1

1:08 16000 24800 8800 2682 25800 40200 1000 15400 9800 24200 -4.8 -- 7.1 / -3.6 -- 1.1 / 0.5

1:13 16000 24200 8200 2499 28100 39100 3900 14900 12100 23100 1.2 -- 7.2 / -1.3 -- 5.6 / 0 -- 1

1:17 16000 23300 7300 2225 30800 42100 7500 18800 14800 26100 -3.2 -- 4 / -0.7 -- 1.1 / 0 -- 1
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