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ABSTRACT 

 A key aspect of short term weather forecasting is the ability to provide the public 

with adequate lead time in the event of severe weather.  During severe weather events, it 

is vital that real time information such as radar data and spotter reports are available to 

aid National Weather Service (NWS) forecasters in the decision-making process.  An 

additional source of information that may prove useful in this regard is lightning data.  

Until very recently, forecasters have had access only to cloud-to-ground (CG) lightning 

data from the National Lightning Detection Network (NLDN).  However, the utility of 

CG data as a severe weather forecasting tool is limited.  Total (CG plus intracloud) 

lightning observations from very high frequency systems such as the Lightning Mapping 

Array (LMA; Rison et al. 1999) may be more useful. 

 This thesis utilizes total lightning data from the Oklahoma LMA to assess the 

effectiveness of total lightning as an indicator of a given thunderstorm’s potential to 

produce severe weather. Specifically, a dataset of 52 thunderstorms (30 severe, 22 non-

severe) within the domain of the Oklahoma LMA is analyzed to determine if severe 

weather is preceded by two features: a threshold total flash rate value which distinguishes 

severe thunderstorms from non-severe thunderstorms, and the presence of lightning 

jumps. A lightning jump algorithm was applied to each thunderstorm in the dataset in 

consideration of this second objective. Additionally, five thunderstorms are analyzed in 

greater detail to investigate these trends as they pertain to individual thunderstorms.  

A threshold flash rate upon which to determine thunderstorm severity is not 

apparent in the Oklahoma dataset. This is contrary to the results of a study of Florida 

thunderstorms by Williams et al. (1999), in which a clear threshold value was 

demonstrated. Lightning jumps are found to often precede the occurrence of severe 

weather, in good agreement with previous work.   
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CHAPTER I 

I
TRODUCTIO
 A
D BACKGROU
D 

1.1 Introduction 

A key aspect of short term weather forecasting is the ability to provide the public 

with adequate lead time in the event of severe weather. This ability is of particular 

importance when considering the stated mission of the National Weather Service (NWS) 

to protect life and property (NWS, 2005). The capability of forecasters to alert the public 

of impending severe weather in a timely and efficient manner is essential in 

accomplishing this mission. Achieving an increase in average warning lead times would 

allow for greater preparations to be undertaken with regard to safety in potentially 

threatening situations, thus mitigating potential societal and economic impacts stemming 

from severe weather. During severe weather events, it is vital that real time information 

(such as radar data and spotter reports) is available to aid NWS forecasters in the decision 

making process.  An additional source of information that may prove useful in this regard 

is lightning data.  Until very recently, forecasters have had access only to cloud-to-

ground (CG) lightning data from the National Lightning Detection Network (NLDN; 

Cummins et al., 1998; Cummins and Murphy, 2009).  However, the utility of CG data as 

a severe weather forecasting tool is limited, as several studies have clearly demonstrated 

that although there is a correlation between total (cloud-to-ground plus intracloud) 

lightning and the convective strength of a storm, this relationship does not necessarily 

extend to CG lightning. Boccippio et al. (2001) performed a climatological study of the 

ratio of intracloud (IC) lightning to CG lightning over the continental United States and 

found that IC lightning activity typically dominates over CG, particularly in the Great 

Plains. Wiens et al. (2005) found that IC lightning accounted for 95% - 100% of all 

lightning during any given one minute period within a storm analyzed during the Severe 

Thunderstorm Electrification and Precipitation Study (STEPS) in 2000. Other studies, 

such as Williams et al. (1999), concluded that trends in IC lightning activity were much 

better correlated to the occurrence of severe weather at the ground than were trends in 
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CG activity. Therefore, incorporating total lightning observations from very high 

frequency (VHF) systems such as Lightning Mapping Array (LMA; Rison et al., 1999a) 

and Lightning Detection and Ranging (LDAR; Maier et al., 1995) systems into the 

decision making process may be more useful for assessing storm severity.  

Taking the potential benefits of total lightning data into consideration, a survey 

was conducted amongst NWS forecasters at offices that have access to total lightning 

data from VHF systems (Demetriades et al., 2008). The forecasters were asked to rank 

the relative importance of several available products ranging from various types of radar 

data to lightning data (both total and CG) and spotter reports; the purpose of which was to 

determine the perceived utility of each in the decision making process. The results 

showed that total lightning was ranked second behind radar reflectivity in severe weather 

situations, and was considered to be the single most useful metric for scenarios involving 

non-severe thunderstorms. In these non-severe cases, the availability of total lightning 

allowed forecasters to efficiently alert the public of impending danger from CG lightning 

via products such as the Short Term Forecast and Special Weather Statement. Total 

lightning was also shown to be a very valuable asset in instances of severe weather. The 

average warning lead time at three Weather Forecast Offices with access to data from the 

North Alabama LMA was found to increase by an average of 2.5-3 minutes, including 

increases of 1-1.2 minutes for tornadic events and 3-3.8 minutes for non-tornadic events. 

One positive aspect of utilizing total lightning data is that it updates very rapidly, and can 

thus be made available to forecasters much more quickly than can radar data. In the study 

discussed above, the total lightning products available to forecasters were updated every 

two minutes. This faster update time associated with total lightning data allows for 

further analysis of storms of interest in between radar volume scans, which take 4-6 

minutes to complete. Lightning data can also provide additional information on the 

evolution of storms occurring far from the radar, where radar analysis may be limited. 

Given these results, it is apparent that the inclusion of total lightning data has the 

potential to positively impact the decision making process with respect to short term 

weather forecasting.          
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1.2 Background 

 The primary objective of this thesis is to investigate the benefits of incorporating 

total lightning data into the warning decision making process. Given this objective, it is 

appropriate to begin with a brief description of the physical processes responsible for 

lightning and how it relates to the processes leading to the occurrence of severe weather 

at the ground. 

1.2.1 Lightning and Thunderstorm Electrification      

Lightning is an electrical discharge which stems from the buildup of opposing 

charges, either within a cloud or between a cloud and the surface of the earth. This 

accumulation of charge causes an increase in the ambient electric field, which eventually 

leads to the breakdown, or breakeven, process detailed by Marshall et al. (1995) which 

initiates a lightning flash. Intracloud lightning occurs between regions of opposite charge 

within the cloud, whereas cloud-to-ground lightning occurs between regions of opposite 

charge between the cloud and the surface of the earth. CG lightning may be either 

positive or negative in polarity, depending upon the sign of the charge that travels to the 

ground. The sequence of events which leads to a negative CG lightning flash is described 

in detail by Rakov and Uman (2003), and is summarized in Figure 1.1. The initial 

breakdown leads to the formation of a downward propagating negative stepped leader, 

which branches out as it travels towards the ground. This is followed by the formation of 

an upward propagating positive streamer from the ground. The attachment process is 

completed when the stepped leader and the streamer connect. Following attachment, a 

powerful negative return stroke propagates up the channel. If enough charge is present, a 

dart leader may propagate back down the previously established channel, resulting in 

additional return strokes. Positive CG lightning results from the same process discussed 

above, with the exception that the sequence begins with a positively charged stepped 

leader, which leads to a positive return stroke. Positive CG lightning differs from 

negative CG lightning in that it typically consists of only one return stroke, which may 

have a much larger peak current than that associated with a negative CG flash. Positive 

CG flashes generally constitute a very small percentage of all CG flashes (Boccippio et 
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al., 2001). The same processes which produce CG lightning are also associated with IC 

lightning; only they occur between regions of opposing charge within a cloud so there is 

no path to the ground. Also, IC flashes have a much weaker peak current than CG flashes 

(Rakov and Uman, 2003). For further information and references regarding the 

underlying physics of the processes discussed above, consult Rakov and Uman (2003). 

The charge structure which characterizes a typical thunderstorm has been a topic 

of considerable debate. Discussion of the polarity of thunderclouds  has resulted in many 

disagreements dating back to the 1920’s and 30’s, with G.C. Simpson arguing for the 

presence of a negative dipole (a region of negative charge above a region of positive 

charge) and C.T.R. Wilson suggesting a positive dipole (positive above negative) was 

more realistic. Through a wide range of measurements and observations, later work has 

provided evidence that a simplified tripole model (Figure 1.2) represents an accurate 

basic depiction of the electrical structure of a typical thunderstorm (Williams, 1989b). 

The electrical tripole consists of a main region of negative charge with regions of positive 

charge located both above and below. Much of the IC lightning activity is thought to 

occur between the main negative and upper positive charge regions of the cloud, while 

the lower region of positive charge is typically smaller in magnitude. This explanation of 

charge structure can be used to satisfy both the negative and positive dipole arguments, as 

the observed structure would vary depending on distance from a storm. Although the 

tripole model provides an idealized basis for understanding the general charge structure 

of a thunderstorm, it should be noted that the actual charge structure of a storm can often 

be significantly more complex. Stolzenburg et al. (1998b) analyzed numerous electric 

field soundings taken within the convective region of thunderstorms. While the results 

from the updraft regions of most storms were found to be consistent with the tripole 

model, significant variations were observed in the electric fields within the non updraft 

regions.   

Another topic which has been heavily debated, and which is still not clearly 

understood, is the mechanisms which contribute to large scale charge separation within a 

thunderstorm. A number of methods by which charge separation may be achieved have 
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been hypothesized. To date, the most compelling evidence in support of a theory for 

creation of the tripole structure has been provided by lab experiments relating to the non-

inductive ice-ice collision (NIC) mechanism (Takahashi, 1978; Jayaratne et al., 1983). 

The NIC mechanism involves collisions between ice crystals and graupel particles, which 

result in a charge being acquired by the respective hydrometeors. Typically, the lighter 

ice particles acquire a positive charge, whereas the graupel particles tend to acquire a 

negative charge. Differences in the terminal velocities of the particles then allow for the 

separation of charges within the cloud, as the positively charged ice crystals are lofted 

higher into the cloud, whereas the heavier, negatively charged graupel particles remain at 

lower altitudes. Although solid evidence has been presented that NIC charging 

mechanisms can account for the tripole structure of thunderstorms, additional research is 

necessary to achieve a more complete understanding of the physical processes leading to 

charge separation (Williams, 1989b). Further discussion of the NIC mechanism can be 

found in Takahashi (1978) and Jayaratne et al. (1983), as well as Williams et al. (1991, 

1994). Consult MacGorman and Rust (1998) for discussion and references regarding 

other proposed mechanisms of charge separation.  

1.2.2 Lightning Activity and the Convective Updraft 

The primary motive for the use of total lightning data as a forecast tool is related 

to total lightning’s usefulness as an indicator of the size and intensity of the convective 

updraft.  All else being equal, a stronger, broader updraft will enhance the processes 

which lead to charge separation and lightning. Such updrafts also increase a storm’s 

potential to produce severe weather. 

Evidence of a relationship between vertical air motions and large scale charge 

separation is discussed by Williams (1985). Analysis of charge region locations for a 

sequence of fifteen IC flashes occurring in a Florida thunderstorm (Krehbiel et al., 1984) 

revealed that the height of the inferred negative charge region remained relatively 

constant over time, varying by less than one kilometer over a period of several minutes. 

At the same time, the height of the inferred positive charge region increased steadily with 

time. This can be interpreted as evidence that the positively charged particles are being 
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transported upward by vertical air motions. Although this is a reasonable assumption, it is 

noted that these observations could also be a manifestation of the expansion of the region 

of selective charge transfer within the storm. Williams (1985) also discusses a possible 

relationship between lightning activity and cloud height in terms of scaling laws. Results 

from previous studies found that total lightning flash rate is roughly proportional to the 

fifth power of cloud top height. This finding has been further examined using lightning 

observations from the TRMM satellite (Ushio et al., 2001). The results suggest that this 

relationship is generally accurate for storms occurring over the continental United States, 

but with a large amount of variance. Although some cases were observed in which 

relatively tall storms did not exhibit high flash rates, there were no observed cases of 

large flash rates that were associated with shallow convection. Flash rate is found to be a 

function of precipitation regime to some degree, likely due to differences in the amount 

of ice based precipitation available. Nonetheless, the results generally support previous 

observations that flash rate increases exponentially with cloud height. Coupled with the 

assumption that there is a linear relationship between vertical velocity and cloud height, it 

can be inferred that a stronger updraft is associated with an increase in lightning activity. 

Williams et al. (1989a) found a strong correlation between lightning activity and 

vertical cloud development when analyzing several case studies of air mass 

thunderstorms by comparing radar reflectivity and velocity data to total lightning data. IC 

lightning was found to dominate in the early stages of development, and was shown to be 

well correlated with the growth of ice particles and temporal trends in reflectivity above 

the region of inferred negative charge. Peaks in the total flash rate often corresponded to 

the maximum vertical extent of the reflectivity contours. This is suggestive of a strong 

relationship between the updraft and lightning activity. Charge separation is enhanced as 

the updraft strengthens and the storm develops vertically, leading to the formation of a 

positive dipole region (positive charge above negative) which results in IC lightning in 

the upper part of the storm. CG lightning was found to lag peaks in IC lightning by 5-10 

minutes. Peaks in CG lightning typically occurred as radar reflectivity contours 

descended. This CG activity is associated with the descent of hydrometeors below the 

main level of negative charge, leading to the formation of a lower region of positive 
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charge. Latent cooling associated with the descent of these precipitation particles leads to 

the acceleration of the downdraft and subsequent outflow winds at the surface as the 

downdraft impacts the ground. The relationship of this phenomenon to the observed 

lightning activity will be discussed in the next section concerning the link between 

lightning and severe weather. 

Additional observations of a relationship between radar reflectivity and IC 

lightning activity were documented by Steiger et al., (2007a) in a study of supercell 

thunderstorms occurring over the Dallas-Fort Worth metropolitan area on 13 October 

2001. An increase in LDAR lightning source heights was shown to coincide with 

intensification of the storms, as inferred from the examination of radar reflectivity. 

Moreover, much of the total lightning activity occurred in regions where radar observed 

reflectivity cores extended upward. These results lend further credence to the findings of 

Williams et al. (1989a) relating lightning activity to the state of the convective updraft.    

Another possible connection between lightning activity and the convective 

updraft relates to quantities such as updraft volume and the flux of ice particles that are 

thought to be responsible for large scale charge separation. Deierling et al. (2008) tests 

the so-called flux hypothesis, which states that total lightning flash rate is roughly 

proportional to the product of downward mass flux of graupel particles and the upward 

mass flux of ice particles. Indeed, a strong correlation was found between total lightning 

activity and the ice mass and their associated fluxes. These results were supported for a 

number of different storm types in two different regions. Similarly, Wiens et al. (2005) 

found a strong correlation between total lightning flash rate and both updraft volume and 

inferred graupel echo in a storm analyzed during the STEPS project. These results are 

indicative of a compelling relationship between total flash rate and the extent to which 

the updraft controls the supply of ice particles within the mixed phase region, thus 

influencing thunderstorm electrification. 

1.2.3 Lightning Activity and Storm Severity 

  Several studies have found intriguing relationships among total lightning activity, 

convective strength, and storm severity. Williams et al. (1999) analyzed total lightning 
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behavior in severe thunderstorms over Florida using data from the Kennedy Space Center 

LDAR. One of the key findings of this study was that rapid increases in flash rate (termed 

“lightning jumps”) often occurred as precursors to various types of severe weather at the 

ground. The lightning jump is thought to be a consequence of a strong burst in updraft 

intensity. A simple schematic of a lightning jump is shown in Figure 1.3. Taking into 

account all instances of severe weather included in the study, the occurrence of a 

lightning jump was found to precede the maximum in total flash rate by an average of 7.4 

minutes. The jump preceded the occurrence of severe weather at the ground by an 

average of 16 minutes. These jumps were observed in several case studies, and occurred 

before reports of severe wind, severe hail, and tornadoes. Furthermore, lightning jumps 

were not found to be associated with the non-severe cases analyzed in this study. 

Williams et al., (1999) concluded that total flash rate is a useful quantity for determining 

storm severity and found that a threshold value of 60 flashes per minute clearly 

distinguished severe storms from non-severe storms (Figure 1.4). However, it is noted 

that the method used for determining what constituted a “flash” in this study may have 

resulted in anomalously high flash rates. The details of how a flash is defined will be 

discussed at length in the methodology chapter. 

 The Williams et al. (1989a) study discussed earlier also found instances of 

relative maxima in total flash rate acting as a precursor to severe weather at the ground. 

On average, the peak total flash rate was found to precede observations of strong 

thunderstorm outflow winds associated with microburst events by 5-10 minutes. 

Presumably, this accounts for the time necessary for the precipitation particles 

responsible for the charge separation associated with the lightning activity to descend and 

undergo latent cooling processes which contribute to the onset of the microburst event 

and severe winds at the surface. 

 Analysis of total lightning data from the North Alabama LMA has yielded similar 

results. Goodman et al. (2005) found that a peak in the total flash rate for an August 2002 

thunderstorm over northern Alabama preceded the observation of damaging winds at the 

surface by 9 minutes, in line with the previous work of Williams et al. (1989a, 1999). 
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During a November 2002 outbreak of tornadic supercells, rapid increases in flash rate 

were found to precede tornadoes by as much as 20-25 minutes. Additional analysis of 20 

tornadic and non-tornadic severe thunderstorms occurring within the domain of the North 

Alabama LMA found that lightning jumps preceded tornadoes by an average of 18-28 

minutes (Gatlin and Goodman, 2008). Lightning jumps were also observed in many of 

the non-tornadic cases, and most of the storms were characterized by a peak total flash 

rate of at least 60 flashes per minute, in good agreement with the work of Williams et al. 

(1999). 

 Several recent studies have attempted to develop algorithms which can be used to 

quantify and detect lightning jumps based upon trends in total lightning flash rate. The 

goal of such algorithms is to determine the effectiveness of these events in providing an 

early warning of impending severe weather. Gatlin and Goodman (2010) tested several 

configurations of a lightning jump algorithm on twenty severe thunderstorms and one 

non-severe thunderstorm within the domain of the North Alabama LMA. A lightning 

jump was found to precede 90% of the severe weather events associated with these 

thunderstorms, with an average lead time of 22 minutes. However, 37% of the lightning 

jumps detected by the algorithm were not associated with any reports of severe weather. 

Schultz et al. (2009) expanded upon these results by testing six algorithms (including two 

versions of the “Gatlin” algorithm developed in the previously discussed study) on 85 

thunderstorms (38 severe, 47 non-severe) occurring within the domains of the North 

Alabama and Washington D.C. Lightning Mapping Arrays. The best results were found 

using the “2 Sigma” (2σ) algorithm, which had a probability of detection of 87% and a 

false alarm rate of 33%. The average lead time prior to the occurrence of severe weather 

was found to be 23 minutes for this algorithm. The 2σ lightning jump algorithm will be 

discussed in detail in the methodology chapter. The above results demonstrate the 

potential utility of examining trends in the total lightning flash rate as a means of 

predicting impending severe weather. 

Apart from just the temporal trends in total lightning flash rate, spatial patterns in 

total lightning may also indicate potentially severe storms. For example, McKinney 



Texas Tech University, Christopher Burling, December 2010 

 

10 

(2008) found that spatial patterns in Flash Extent Density (FED), one of the products 

available from a total lightning system, sometimes provided evidence of changes in storm 

structure and evolution. These spatial patterns are somewhat analogous to patterns in 

radar reflectivity observations.  McKinney found that the appearance of FED 

“appendages” were precursors to deviant motion on the preferred flank of some storms, 

and FED holes and notches were observed to be indicators of particularly strong updrafts. 

Wiens et al. (2005) identified lightning holes in plots of LMA source density. These holes 

were often collocated with the radar-identified bounded weak echo region, which offers 

further evidence that lightning holes may serve as an indicator of regions of strong 

updrafts. A similar lightning hole was documented by Steiger et al. (2007a) in their 

analysis of LDAR source density. However, a significant issue concerning the 

identification of spatial features in lightning activity is that these features are very 

difficult to quantify. Thus, although future work regarding this topic appears to be 

warranted, the subjective nature of interpreting these features makes it difficult to draw 

any definitive conclusions.     

1.3 Thesis Objectives and Hypothesis  

The primary objective of this thesis is to assess the utility of total lightning data in 

predicting the occurrence of severe weather at the ground.  In consideration of this 

objective, the following hypotheses will be tested:  

Severe weather is preceded by one or more distinct features in the total lightning: 

(1) a threshold value of flash rate                                                                            

(2) a lightning jump  

Testing of these hypotheses will be accomplished by comparing total lightning 

observations from the domain of the Oklahoma LMA to severe weather reports on a large 

dataset spanning several years. Cases of non-severe convection will also be included to 

provide a basis for comparison with the severe cases. Ideally, identification of any trends 

from the statistical analysis associated with these comparisons will present evidence 

pertaining to the validity of the stated hypothesis.  In addition, the lightning/severity 

relationship will be investigated with respect to several individual storm cases in hopes of 
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providing more in-depth analysis that may expound upon results that are less evident in 

the broad statistical analysis. 
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Figure 1.1: The processes involved in a negative CG flash, from Uman (1987). 
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Figure 1.2: Simplified schematic of the basic tripole charge structure of a thunderstorm, 

from MacGorman and Rust (1998). 

 

 

Figure 1.3: Schematic of a lightning jump. The black line represents total lightning flash 

rate, from Williams et al., (1999). 
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Figure 1.4: Histogram detailing storm severity as a function of total lightning flash rate in 

thunderstorms occurring over Florida, from Williams et al. (1999). 
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CHAPTER II 

METHODOLOGY 

In order to assess the utility of total lightning data as a prognostic tool for the 

occurrence of severe weather, two basic strategies were employed. First, a large dataset 

comprised of 30 severe and 22 non-severe thunderstorms was analyzed to identify any 

broad statistical trends in the total lightning data. Presumably, such information could 

potentially be useful to forecasters as “background” knowledge that could provide basic 

insight into the capability of a given storm to produce severe weather. Next, five 

individual thunderstorm cases were selected from the larger dataset for more detailed 

analysis. The main objective of these case studies was to examine the behavior of total 

lightning during the evolution of a given storm. From this detailed analysis, more specific 

trends in the total lightning relating to the occurrence of severe weather could be 

identified.        

First, the complete dataset was analyzed to determine if any overall trends in the 

lightning activity could be used to distinguish severe storms from those that were non-

severe. This process included analysis of the peak flash rate associated with each storm to 

determine the existence of some threshold value indicative of a storm’s potential to 

produce severe weather, similar to the threshold of 60 flashes per minute found by 

Williams et al. (1999; Figure 1.4). In the absence of such a threshold value, this analysis 

sought to determine what, if any, additional conclusions may be drawn about the 

probability of a storm producing severe weather based solely upon the peak flash rate 

observed. In an attempt to account for differences in storm size contributing to 

anomalously high flash rates, the analysis was repeated using an area normalized flash 

rate (referred to herein as flash density), which will be discussed in Section 2.2.3. 

Additionally, a lightning jump algorithm was applied to each storm in the dataset. The 

primary objective of implementing this algorithm was to determine the effectiveness with 

which seemingly significant trends in total flash rate could be identified and related to 

reports of severe weather, and also to determine the average lead time provided by these 
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flash rate trends. The lightning jump algorithm will be discussed in much greater detail in 

Section 2.4. 

The second step of data analysis was to select five individual thunderstorm cases 

from the larger dataset to investigate the utility of total lightning data within the context 

of the evolution of specific thunderstorms. For each case, this process included detailed 

examination of trends in total flash rate in relation to specific reports of severe weather. 

Accordingly, this led to an evaluation of the performance of the lightning jump algorithm 

for each specific case. Total flash rate trends were also compared to radar data. 

Specifically, the maximum height of the 35dBZ reflectivity contour was utilized to 

provide an additional basis for assessing the utility of total lightning trends as indicators 

of updraft intensity.     

2.1 Case Selection 

 All thunderstorm cases examined in this thesis occurred in the state of Oklahoma 

over a span of three years (2005, 2007-2008), within the domain of the Oklahoma 

Lightning Mapping Array. These cases are listed in Table 2.1. The domain, which is 

shown in Figure 2.1, is defined as any point within 200 km of the center of the LMA, as 

this is considered to be the range within which two dimensional VHF radiation source 

locations are sufficiently accurate (Thomas et al., 2004). The accuracy and range of the 

Oklahoma LMA will be discussed further in Section 2.2.2. Consequently, in order for 

total lightning activity to be analyzed, a storm had to be located within 200 km of the 

center of the LMA. The vast majority of cases occurred entirely within this domain, from 

storm initiation to dissipation. However, a small number of cases either entered the 

domain after initiation or exited the domain prior to dissipating. For such a case to be 

included in the dataset, a storm needed to produce at least one documented report of 

severe weather within the LMA domain. Additionally, a relative lull in lightning activity 

needed to be observed as the storm entered or exited the domain. This requirement 

ensured that the jump algorithm would still function properly when applied to these 

storms and that any severe weather reports associated with observed significant trends in 

lightning activity would not be missed. 
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 All cases included in the dataset were also required to be instances of isolated 

convection. The motivation for this requirement stems primarily from the desire to isolate 

the lightning activity associated with a given storm without the concern of possible 

contamination from electrical activity associated with surrounding convection. This 

ensures a high level of confidence that the lightning activity being analyzed for a given 

case is associated with a particular cell of interest and, thus, that the flash rate 

calculations performed on each case are as accurate as possible. Focusing on isolated 

thunderstorm cases also eliminates some of the uncertainty that would be introduced by 

examining different types of convection in which updraft formation and subsequent cloud 

electrification processes may differ from those associated with isolated convection. By 

limiting the dataset to cases of isolated convection, it can be assumed that the lightning 

activity in each case is a result of mainly the same convective processes. Conversely, the 

exclusion of other types of convection (such as mesoscale convective systems (MCS) and 

squall lines) also serves as a limiting factor in this research, as conclusions drawn from 

the total lightning behavior observed in isolated convection cannot necessarily be 

extended to these other types of convection. 

 Determination of storm severity was made according to the National Weather 

Service defined criteria of 1) hail ≥ 0.75 inches in diameter, 2) wind speed ≥ 50 knots, 

and/or 3) the occurrence of a tornado. If a report meeting these criteria was found to be 

associated with a given storm, that case was classified as severe. Cases that were not 

associated with any reports of severe weather were classified as non-severe. The NWS 

severe hail criteria were changed in January of 2010, from ≥ 0.75 inches to ≥ 1.00 inch in 

diameter. Despite this change, the previous 0.75 inch value was chosen for this thesis 

because it represents the criteria in use at the time of each case. However, this change 

does help to facilitate the inclusion of a third category of severity: “marginal” severe 

cases. Marginal severe cases are defined herein according to the following criteria: 1) no 

reports of severe wind or a tornado, 2) total number of hail reports ≤ 3, 3) hail ≤ 1.00 inch 

in diameter, and 4) no reports of damage. The inclusion of this third category of severity 

satisfies two basic objectives. First, it serves as a means of differentiating between 

“ordinary” severe storms that are less likely to cause damage, and severe storms that pose 
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a more substantial threat to life and property. Second, it allows for insight into how the 

analysis is influenced by different subjective methods of classifying severe weather. This 

classification essentially accounts for cases in which storms were considered severe by 

the NWS at the time of the event, but would not necessarily be considered severe by the 

current standard.  

 Using the methods described above, a dataset of 52 storms was collected. This 

dataset was comprised of 30 severe thunderstorms and 22 non-severe thunderstorms. 

When the “marginal” classification criteria were utilized, 13 of the cases from the 

original subset of 30 severe thunderstorms were reclassified as marginal, leaving 17 cases 

which were still classified as severe.   

 For the individual case studies, various types of cases were selected with the 

intent of providing as accurate a representation of the larger dataset as possible, and also 

to compare and contrast the total lightning behavior amongst storms exhibiting varying 

levels of severity. Accordingly, three severe cases and two non-severe cases were 

selected. Of the three severe cases, two storms were tornadic and one was non-tornadic. 

Two types of non-severe storms were chosen. This included one “typical” non-severe 

case thought to be representative of the majority of all non-severe cases in the dataset, 

and one “non-typical” case for which particularly high flash rates were observed, but no 

severe weather was reported. 

2.1.1 Severe Weather Reports 

 All reports of severe weather were obtained from the Storm Data publication from 

the National Climatic Data Center (NCDC). This database contains information on the 

location, time, and magnitude of all observed instances of severe weather. Although this 

is generally the best source of information for determining what happened over the time 

period of analysis for a given storm, several limitations are associated with the use of 

Storm Data. Williams et al. (1999) noted that only about 10% of Storm Data entries can 

be considered accurate to within one minute of the time they actually occurred. Another 

15% of reports are accurate to within 2-5 minutes, with 50% falling within the 6-10 

minute time range. It is also noted that the accuracy of reports tends to improve as the 
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significance of a given event increases. This information suggests that the use of storm 

reports introduces some degree of uncertainty into the determination of lead times given 

by lightning jumps prior to the occurrence of severe weather at the ground. Despite these 

limiting factors, the use of storm reports remains the best method of constructing a 

narrative of the events associated with a given thunderstorm case. Each report of severe 

weather associated with the cases discussed herein was scrutinized using radar data to 

ensure it was correctly attributed to the storm of interest. 

2.2 Lightning Data 

All total lightning data utilized in this thesis are from the Oklahoma Lightning 

Mapping Array. The Oklahoma LMA is owned by the University of Oklahoma and 

maintained by personnel from the National Severe Storms Laboratory (NSSL). It consists 

of a network of 11 sensors centered just to the southwest of the Oklahoma City 

metropolitan area (Figure 2.1). 

2.2.1 The Lightning Mapping Array  

The Lightning Mapping Array is a GPS-based very high frequency system 

developed by researchers at New Mexico Tech (Rison et al., 1999a). The system consists 

of a network of sensors which locate sources of VHF radiation using the differential time 

of arrival (TOA) technique (Figure 2.2). Each sensor measures the time of arrival and 

intensity of VHF radiation received at the sensor. When four or more sensors detect a 

VHF radiation impulse, the location of the sensor (��, �� , ��) can be utilized along with the 

time the impulse arrives at the sensor (��) to determine the three dimensional location and 

time of the radiation source. Source location is calculated by solving for �, �, �, and � 

from a series of equations which are detailed in Equation (2.1), where 	 is the 

propagation speed of the signal (Thomas et al., 2004). Although a minimum of only four 

stations is theoretically sufficient to analytically determine the location of a radiation 

source, such a calculation may result in a significant degree of error. For this reason, most 

networks require detection of an impulse by at least six stations to determine a more 

accurate source location.       
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	(� − ��) = �(� −  ��)  + (� −  ��)  +  (� −  ��)  (2.1) 

Once the source locations are identified, they can be processed using software 

such as ANGEL to analyze characteristics related to the electrical structure of a given 

storm. Source data points can be separated into groups representing individual lightning 

flashes according to a subjectively determined set of criteria. These flash data can then be 

utilized to extract potentially useful quantities such as lightning flash rate. These 

methods, as well as ANGEL, will be discussed in further detail in Section 2.2.3. 

2.2.2 LMA Range and Accuracy 

The range of the Oklahoma LMA is summarized in Figure 2.1. Three dimensional 

locations of sources are accurately represented to a distance of 75 km from the center of 

the array, as height errors increase rapidly outside of this distance. Two dimensional 

source locations are considered to be accurate to a distance of 200 km from the center of 

the array (Thomas et al., 2004). Accuracy of three dimensional source locations would be 

necessary to properly analyze the electrical structure of a thunderstorm; however, since 

this research does not seek to address topics relating to the charge structure of 

thunderstorms, the 200 km range of accuracy for two dimensional source location is 

deemed sufficient for the lightning data utilized herein. 

2.2.3 Flash Rate Determination 

 A flash count can be determined by isolating VHF radiation sources into groups 

determined by an established set of criteria for distance and time. Each of these groups is 

then defined as an individual flash. However, there is no precise characterization of what 

constitutes a “flash”, which leads to ambiguities in how flashes are counted. Williams et 

al. (1999) counted any sources that occurred within 300 ms in time and 5 km in 

horizontal distance as a part of the same flash. Conversely, Wiens et al. (2005) utilized a 

time constraint of 150 ms and a horizontal distance of 3 km. The use of more stringent 

constraints would logically be expected to yield lower flash counts. The use of a 

threshold value stipulating how many sources must comprise a group for it to be counted 

as a flash can also significantly impact flash counts. For example, Williams et al. (1999) 
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counted groups consisting of a single source, deemed “singletons”, as flashes. Inclusion 

of these single source flashes increases the likelihood of counting sources that may be 

due to system noise, which subsequently leads to artificially high flash rates. Wiens et al. 

(2005) tested a number of different threshold configurations within their flash counting 

algorithm. From this, they concluded that although the flash count was significantly 

altered by changing the threshold number of sources, the overall trend was largely the 

same. This finding suggests that more attention should be paid to overall trends in the 

total lightning data, as opposed to focusing on specific values. 

 To facilitate continuity with previous work, this thesis utilized the flash counting 

methods of Wiens et al. (2005), where two sources occurring within a time period of 150 

ms and a horizontal distance of 3 km of one another were counted as part of the same 

flash group. At least 10 sources were required for a group to be counted as a flash. The 

sorting of VHF source data from the Oklahoma LMA (which are available in ten minute 

segments) into flashes was accomplished using the ANGEL software developed by Dr. 

Kyle Wiens, which is based upon the XLMA software created by New Mexico Tech. An 

example of the ANGEL user interface is presented in Figure 2.3. The default ANGEL 

chi-squared value of 5 was utilized for source location accuracy. Although some spurious 

sources are noted (in Figure 2.3, for example), these sources have a minimal impact on 

the flash rate calculations.  

Using ANGEL, the flashes occurring in each ten minute period were counted 

using an algorithm configured to the above specifications. Next, the data were restricted 

to the specific area occupied by the storm of interest during that ten minute period. This 

was accomplished by determining the sources associated with a given storm, then setting 

boundaries of latitude and longitude to incorporate the extent of those sources. All flashes 

occurring within this area were then binned into one minute intervals to arrive at the total 

flash rate, in units of flashes per minute (flashes min-1). The process of restricting LMA 

data to a specific storm was simplified by the previously discussed focus on isolated 

convection. 
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 In addition to the use of the raw total flash rate to analyze total lightning trends, 

an area normalized approach was also utilized in an effort to account for the effects of 

storm area on the total flash rate. The first step in normalizing the flash rate is to define 

the area of the storm. A method was developed herein to define the area of storms 

according to electrical activity. First, the LMA data were confined to the storm of interest 

using the methods described above. Next, a 1×1 kilometer grid was overlaid on top of the 

previously defined area. If a grid box was found to contain ten or more LMA sources, it 

was counted towards the area of the storm. The sum of all these grid boxes containing ≥ 

10 sources then yielded the two dimensional area of the storm, in square kilometers 

(km2). The total flash rate was then divided by the area to arrive at the area normalized 

flash rate, deemed “flash density”, which is given in units of flashes per square kilometer 

per minute (flashes km-2 min-1). Several limitations are associated with this lightning-

based method of determining storm area. First, the tendency for isolated convection to 

occupy a relatively minimal areal extent at times of initiation and dissipation leads to a 

high bias in flash density at these times; as relatively low flash rates can still result in 

deceptively high values of flash density. To counter this bias, peaks in flash density 

observed at the beginning and end of a storm’s life cycle were subjectively removed. 

Similarly, a lightning-based approach to storm area was observed to occasionally result in 

unrealistic peaks in flash density in instances of lulls in lightning activity. These peaks 

were also removed. Another limitation to this method is that since LMA data are 

available in ten minute segments, the calculated area actually represents the area of storm 

over a period of ten minutes. This necessitates an assumption that a storm remains 

roughly the same size over a span of ten minutes. Further investigation of storm evolution 

using radar data suggests that this is typically a reasonable assumption to make. Despite 

these noted limitations in using LMA data to calculate storm area, visual comparison of 

lightning based area calculations to radar reflectivity indicate that this method yields 

reasonable results that can be considered representative of storm area. This is 

demonstrated by Figures 2.4 and 2.5, which compare plots of radar reflectivity and LMA 

source log-density at a specified time during a thunderstorm occurring over Garfield 

County, Oklahoma on 18 July 2005.                 



Texas Tech University, Christopher Burling, December 2010 

 

23 

2.2.4 Lightning Jump Algorithm 

 Several lightning jump algorithms have been developed and tested as a means of 

quantitatively identifying significant trends in total flash rate as lightning jumps. The 

trends identified as jumps can then be compared to severe weather reports to determine 

the average amount of lead time they provide. With these objectives in mind, an 

algorithm based primarily upon the 2σ configuration utilized by Schultz et al. (2009) was 

applied to each of the 52 cases in the dataset. The 2σ algorithm was selected because it 

demonstrated the most effective results of the six algorithms tested by Schultz et al. 

(2009), combing a high probability of detection (POD; 87%) with a relatively low false 

alarm rate (FAR; 33%). As was the case with the flash counting algorithm, the use of a 

previously developed jump algorithm was motivated by the desire to establish continuity 

with previous work and to interpret the results within an existing framework. 

 The 2σ algorithm was developed as a variation of the “Gatlin” algorithm 

originally developed by Gatlin and Goodman (2010). The Gatlin algorithm was tested 

using both a one-minute and a two-minute total flash rate; where the one minute flash 

rate is simply the total number of flashes occurring in a one minute period, and the two 

minute flash rate is the number of flashes averaged over a two minute period. The 2σ 

configuration utilizes the one-minute approach, as it results in greater algorithm 

sensitivity and an increased likelihood of a jump being identified. Once a configuration is 

decided upon, the first step in the Gatlin algorithm is to calculate the time rate of change 

of the total flash rate, �′ using Equation (2.2), where � is the total flash rate. 

� ′ =  ��
��

 ≅ �(�� ∆�)� �(�)
∆�

    (2.2) 

A lightning jump is considered by the algorithm to be an anomaly relative to the average 

total flash rate of a storm. Therefore, a jump is identified when the change in total flash 

rate significantly exceeds the running background average calculated over a given period 

of time. The algorithm utilizes a threshold value to determine when this occurs. The 

threshold value is calculated using Equation (2.3), where �(��) is the standard deviation 
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of �′, and �′�  is its moving average. The standard deviation and moving average are both 

calculated from �′ over the previous 20 minutes. 

��
������ !� =  ��� +  2�(��)    (2.3) 

Thus, a lightning jump is identified by the algorithm when the time rate of change of the 

total flash rate at a given time exceeds the average by two standard deviations. The 

lightning jump ends once �′ becomes less than or equal to zero, unless two jumps occur 

within 6 minutes of each other, in which case they are counted as part of the same jump.  

Using this methodology, each storm will, by definition, exhibit at least one 

lightning jump at the onset of lightning activity. Such jumps are not typically associated 

with severe weather. This problem is addressed by the inclusion of a threshold total flash 

rate value for which a lightning jump can be identified. The 2σ algorithm differs from the 

Gatlin algorithm in that it utilizes such a threshold flash rate value (10 flashes min-1) for a 

jump to be detected. This accounts for the situation described above, as well as instances 

when the algorithm may detect a jump during a relative lull in lightning activity that is 

not associated with any severe weather.  

In summary, the lightning jump algorithm utilized herein detects a lightning jump 

when the following conditions are met: (1) the time rate of change in the total flash rate 

(�′) exceeds the running background mean by two standard deviations, and (2) the total 

flash rate is at least 10 flashes per minute when the first condition is met.  

 Once a lightning jump is identified by the algorithm, it is compared to severe 

weather reports to determine if the jump preceded the occurrence of severe weather; and, 

if so, how much lead time was provided by the jump. For this purpose, this thesis 

employs the methods of Schultz et al. (2009). Once a jump is detected, a “warning” is 

placed on the storm for a period of 45 minutes. The 45 minute time period was chosen 

because it is representative of the average time span of severe thunderstorm warnings 

issued by the NWS. Any severe weather events occurring within this 45 minute window 

are identified as a hit. Any reports occurring within 6 minutes of each other that are found 

to be similar in nature (i.e., two hail reports of similar size) are counted as the same 
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event. This step is taken as an attempt to mitigate potential errors in report time discussed 

in Section 2.1.1. Any severe weather report that occurs when a warning is not in effect is 

identified as a miss. When a warning is not associated with any reports of severe weather, 

it is identified as a false alarm. If a severe weather event occurs while multiple warnings 

are in effect, it is attributed to the first warning which was put into effect. If another 

severe event does not occur in the time period after the original warning expires, but 

before the second warning expires, the second warning is counted as a false alarm. Once 

all hits, misses, and false alarms are compiled, the algorithm performance statistics can be 

computed. POD and FAR are determined according to Equations (2.4) and (2.5), 

respectively. 

#$% ≡ ����
�����'�����

     (2.4) 

()* ≡  �+!�� +!+�'�
������+!�� +!+�'�

      (2.5) 

In addition to POD and FAR, the average lead time provided by a lightning jump before 

the occurrence of severe weather can also be determined after the algorithm is applied to 

a case. The average lead time is calculated for all severe cases combined, as well as for 

each individual type of severe event (tornado, wind, hail) to provide insight into how the 

use of total lightning data differs as a prognostic tool with respect to various types of 

severe weather. 

 2.3 Radar Data 

All radar data utilized in this thesis are Level-II data obtained from NWS WSR-

88D’s. Most of the data were obtained from the Oklahoma City WSR-88D (KTLX), as 

this is the radar located closest to the center of the Oklahoma LMA. However, other 

radars were occasionally utilized in instances where storms were located farther from the 

center of the LMA and in closer proximity to that particular radar than to KTLX, or for 

the purpose of determining the maximum height of the 35dBZ reflectivity contour, as will 

be explained later in this section. These radars are: Tulsa, OK (KINX), Vance Air Force 

Base, OK (KVNX), and Frederick, OK (KFDR). 
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Radar data were utilized primarily in the individually selected case studies to 

provide a context in which to evaluate total lightning trends as an indicator of updraft 

intensity. This involved examining trends in radar reflectivity using the maximum height 

of the 35dBZ reflectivity contour. The 35dBZ contour was chosen because it has been 

shown to be indicative of the precipitation sized ice which is crucial to cloud 

electrification (Wiens et al., 2008). Therefore, it can also be used as a reasonable 

indicator of updraft intensity. Additionally, radar data were utilized as a means of 

assessing the accuracy of severe weather reports (or a lack thereof). This was 

accomplished primarily through the examination of radar reflectivity plots. 

The closest radar that was able to scan over the top of the maximum height of the 

storm was utilized for determining maximum 35dBZ height. The reason for this is that 

the radar must be scanning over the top of the storm to ensure that the maximum height 

of 35dBZ reflectivity is being detected. This height was estimated to the nearest 100 

meters through careful examination of multiple cross sections of reflectivity for each 

radar volume scan of a given storm. Although this method theoretically leaves open the 

possibility that the maximum 35dBZ height could be missed, the level of detail utilized in 

examination of the cross sections conveys a high level of confidence that the estimates 

are indeed representative of the true maximum height of the 35dBZ reflectivity contour. 
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Table 2.1: All analyzed thunderstorm cases from 2005 and 2007, listed in chronological 

order. 

Date Type Peak Flash Rate (fl min
-1

) 

12 January 2005 Severe 4 

21 February 2005 Severe 26 

21 March 2005 Severe 22 

10 April 2005 Severe 63 

22 April 2005 Severe 79 

23 May 2005 Severe 35 

3 June 2005 #1 Non-Severe 4 

3 June 2005 #2 Severe 12 

3 June 2005 #3 Non-Severe 88 

9 June 2005 #1 Non-Severe 101 

9 June 2005 #2 Severe 56 

9 June 2005 #3 Severe 19 

12 June 2005 Non-Severe 12 

18 July 2005 #1 Non-Severe 118 

18 July 2005 #2 Non-Severe 97 

19 July 2005 Severe 194 

13 September 2005 #1 Severe 31 

13 September 2005 #2 Severe 190 

14 September 2005 Severe 91 

29 May 2007 #1 Non-Severe 7 

29 May 2007 #2 Non-Severe 5 

30 May 2007 #1 Severe 75 

30 May 2007 #2 Non-Severe 30 

30 May 2007 #3 Non-Severe 76 

1 June 2007 Severe 23 

2 June 2007 Non-Severe 33 

13 June 2007 #1 Non-Severe 25 

13 June 2007 #2 Severe 60 

13 June 2007 #3 Non-Severe 143 

14 June 2007 Non-Severe 110 

9 August 2007 Severe 63 

25 August 2007 Non-Severe 59 

27 September 2007 Severe 148 

17 October 2007 #1 Severe 64 

17 October 2007 #2 Non-Severe 58 
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Table 2.1 (continued): All analyzed thunderstorm cases from 2008, listed in 

chronological order. 

Date Type Peak Flash Rate (fl min
-1

) 

18 March 2008 Severe 43 

30 March 2008 #1 Severe 101 

30 March 2008 #2 Non-Severe 16 

31 March 2008 #1 Severe 94 

31 March 2008 #2 Non-Severe 9 

8 April 2008 #1 Severe 13 

8 April 2008 #2 Severe 26 

1 May 2008 #1 Severe 69 

1 May 2008 #2 Severe 16 

1 May 2008 #3 Severe 88 

2 May 2008 Severe 71 

24 May 2008 Severe 305 

1 June 2008 Non-Severe 82 

16 June 2008 Non-Severe 4 

17 June 2008 #1 Severe 86 

17 June 2008 #2 Non-Severe 17 

17 June 2008 #3 Non-Severe 7 
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Figure 2.1: Oklahoma LMA domain and range (NSSL). 
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Figure 2.2: Schematic of the differential time of arrival (TOA) technique used to locate 

VHF radiation sources detected by a Lightning Mapping Array, from Thomas et al., 

(2004). 
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Figure 2.3: Example of ANGEL software used to view LMA data. Each dot represents a 

VHF radiation source measured by the LMA, color coded by time. Top: Time-altitude 

plot of VHF sources; middle left: West-East projection showing altitude of sources; 

middle right: altitude histogram showing number of sources; bottom left: plan view of 

sources; bottom right: North-South projection showing altitude of sources. 
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Figure 2.4: 0.5 degree base reflectivity scan from the KTLX WSR-88D at 2353 UTC 18 

July 2005. 

 

Figure 2.5: ANGEL plan view of LMA source log-density from 2350 UTC 18 July 2005 

to 0000 UTC 19 July 2005. 
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CHAPTER III 

RESULTS FROM STATISTICAL A
ALYSIS 

 The complete dataset of 52 thunderstorms (30 severe, 22 non-severe) was 

analyzed to determine if any overall trends in the total lightning could be identified. 

Specifically, this analysis was focused on the determination of a flash rate threshold value 

by which storm severity may be ascertained, as well as investigating the occurrence of 

lightning jumps prior to severe weather. Ideally, such trends could then be used to help 

determine the likelihood that a given thunderstorm will produce severe weather. 

3.1 Flash Rate Threshold Analysis 

 It is expected that as the lightning activity in a given thunderstorm increases, the 

probability that the storm will produce severe weather also increases. Consequently, the 

first step in the process of investigating overall total lightning trends was to determine if 

there is simply a threshold in total flash rate that can be used to discriminate between 

severe and non-severe storms in Oklahoma. Recall that, for Florida thunderstorms, 

Williams et al. (1999) found a severe total flash rate threshold of 60 flashes per minute. 

Figure 1.4 shows the distribution of peak total flash rates from the Williams et al. study. 

Figure 3.1 shows the distributions of peak total flash rate (hereafter referred to as peak 

FR) for both the severe and non-severe Oklahoma thunderstorms of this current study. As 

expected, the largest number of non-severe thunderstorms have lower peak flash rates. 

Generally speaking, as the peak FR increases, so too does the likelihood that a given 

thunderstorm is severe. This is supported by analysis of the summary statistics for each 

dataset, which are presented in Table 3.1. A comparison of the median FR values for each 

dataset provides the clearest evidence that peak FR is generally lower for non-severe 

storms relative to those that are severe. The median peak FR value for non-severe 

thunderstorms in the dataset is 31.5 flashes per minute. For severe thunderstorms, the 

median value is 63 flashes per minute. A comparison of mean peak FR for severe and 

non-severe cases yields similar results. The mean FR value for all non-severe cases is 

50.1 flashes per minute. Although, as anticipated, this value is significantly lower than 
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the mean peak FR of 72.3 flashes per minute for severe cases, it is still somewhat higher 

than expected when considering the noted tendencies for non-severe thunderstorms to 

exhibit a low peak FR. Some of this can likely be explained by the inclusion of outlier 

non-severe cases with a higher peak FR, particularly when considering the relatively 

small size of the non-severe dataset (22 storms). These outlier cases will be discussed in 

the following paragraphs.  

Despite the basic finding that severe storms typically exhibit higher peak flash 

rates than do non-severe storms, the partition between these two datasets is still much 

more ambiguous than in the Williams et al. (1999) study, as a large amount of variation is 

noted in peak FR for both categories. As previously discussed, there were a number of 

cases that were found to exhibit relatively high flash rates, but for which no severe 

weather was reported. This includes one case where the peak FR was close to 150 flashes 

per minute and three other non-severe cases that had peak flash rates in excess of 100 

flashes per minute. The existence of these types of non-severe thunderstorm cases is not 

completely unexpected, as Williams et al. (1999) also observed a small number of non-

severe thunderstorms with abnormally high peak FR. Conversely, a relatively high 

number of severe cases were found to have much lower flash rates, including one storm 

that produced severe hail despite a peak FR of less than ten flashes per minute. This 

result is more unexpected when considering the work of Williams et al. (1999), as a 

threshold of around 60 flashes per minute was shown to clearly distinguish severe 

thunderstorms from those that were non-severe. Given the relative prevalence of these 

types of “outlier” cases in each dataset discussed herein, and particularly the low FR 

severe cases, no single threshold FR value separating severe cases from non-severe cases 

is readily apparent in Figure 3.1. 

 The low peak FR severe cases were further analyzed with the intent of 

determining an explanation for their presence in the dataset. Considering the wide range 

of peak total flash rates associated with severe thunderstorms shown in Figure 3.1, an 

effort was made to determine the extent to which this variation could be explained by 

accounting for different levels of severity. Therefore, in accordance with the criteria 
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discussed in the previous chapter, the severe thunderstorm dataset was broken into 

marginal and severe subsets to determine if this could account for some of the cases 

exhibiting low peak flash rates that were originally classified as severe. Figure 3.2 shows 

the distribution of storms by peak total flash rate, but this time with 13 of the original 30 

severe thunderstorms reclassified as marginal. The use of the new classification scheme 

does appear to clarify much of the variation seen in the original severe dataset. Marginal 

cases are found to account for the majority of original severe cases that exhibited low 

peak FRs in Figure 3.1, with nine of the ten severe thunderstorms with the lowest peak 

FR being reclassified as marginal. Furthermore, the marginal cases comprise a much 

smaller range of peak FRs, with a maximum of less than 90 flashes per minute. This leads 

to a much clearer stratification of the severe thunderstorm dataset by peak total flash rate, 

as the majority of high peak FR cases are still classified as severe. This includes all 

severe cases with a peak FR greater than 90 flashes per minute, and 13 of 16 (81.3%) of 

the severe cases with a peak FR of greater than 60 flashes per minute. This finding is 

further supported upon examination of the summary statistics presented in Table 3.2. The 

median peak FR value for severe storms increases to 75 flashes per minute, while the 

average increases to 99.4 flashes per minute. Conversely, the median value for marginal 

cases is only 26 flashes per minute, with an average of 36.8 flashes per minute. 

Interestingly, these values are also less than what was found for the non-severe cases. 

This is likely a reflection of the smaller sample size of cases, as well as the previously 

discussed non-severe outliers that exhibit especially high peak flash rates. Still, this result 

is unexpected, as the existence of the non-severe outlier cases might lead one to expect to 

observe similar occurrences for marginally severe storms.  

 The introduction of a marginal severe classification appears to explain much of 

the variation seen in the original severe thunderstorm dataset, but it cannot account for 

the large amount of variation observed in the non-severe thunderstorm dataset, 

particularly with respect to the outlier non-severe cases exhibiting extremely high flash 

rates relative to the more typical non-severe cases. A number of explanations were 

considered in attempting to address this issue. One possibility is that the thunderstorm did 

produce severe weather which was simply not reported. As discussed earlier, a certain 
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degree of error is inherent in relying upon severe weather reports. However, such a 

situation is very difficult to confirm beyond the use of circumstantial evidence 

ascertained from examining factors such as time of occurrence and whether the given 

thunderstorm occurred over a populated area. This issue will be examined in greater 

detail in the next chapter. 

 Another possibility that was considered is that thunderstorms occurring farther 

from the center of the LMA exhibit anomalously high flash rates resulting from location 

errors of VHF radiation sources. Such errors could theoretically lead to over counting of 

flashes by the algorithm. As previously discussed, Thomas et al. (2004) showed that the 

average amount of error in source location increases with distance from the center of the 

LMA. However, the degree of error is sufficiently small within a radius of 200 km that 

two-dimensional source locations are deemed accurate to this distance. Since all cases 

discussed herein occurred within this domain, a distance bias in flash counting is unlikely 

to account for the high peak flash rates observed in the non-severe thunderstorms in 

question. Nonetheless, in order to ensure there was no high bias in flash rates which 

could be attributed to distance, the distance of each storm from the center of the LMA 

was calculated at the time the peak FR was observed. The results are presented in Figure 

3.3. As expected, there is no evidence of a relationship between flash rate and a storm’s 

distance from the center of the LMA. This finding is further supported by a very low 

correlation coefficient (-0.0199).     

 The two previous explanations do not appear to adequately address the high flash 

rates observed in the non-severe thunderstorms in the dataset. Perhaps a more likely 

explanation can be ascertained by considering thunderstorm size. The size of certain 

thunderstorms may yield misleading flash rate values. For example, a non-intense 

thunderstorm covering a large areal extent could theoretically be expected to produce 

more lightning than would a more intense, but much smaller storm. This explanation is 

strongly supported by Figure 3.4, which shows a convincing linear relationship between 

peak FR and the two-dimensional area of each thunderstorm. A correlation coefficient of 

0.8521 is further indicative of the strength of this relationship. To attempt to account for 
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this relationship, the peak total flash rate was normalized by area utilizing the methods 

discussed in the previous chapter. However, before examining the relationship between 

peak area normalized flash rate (peak flash density; hereafter referred to as peak FD), the 

FD calculations were first tested to ensure they were achieving their intended effect of 

normalizing the flash rate by area. Figure 3.5 shows the relationship between peak FD 

and the area of each thunderstorm. Unlike the linear relationship demonstrated between 

peak FR and area in Figure 3.4, a strong relationship is not apparent when considering 

peak FD. A weak correlation coefficient (0.0373) lends further support to this finding, 

which suggests that FD effectively accounts for potential area biases in the peak FR 

observations.    

The FD calculations were further scrutinized by examining how the 

thunderstorms exhibiting the highest overall flash rates were affected by the introduction 

of flash density calculations. Specifically, the top four thunderstorms in terms of peak FR 

were chosen from the severe and non-severe datasets. The results are presented in Table 

3.3. This information further demonstrates the link between peak FR and area shown in 

Figure 3.4, as the highest ranked storms in terms of peak FR are also predominantly 

among the highest ranked with respect to area. The primary exception to this finding is 

the severe thunderstorm of 27 September 2007, which has the fourth highest peak FR 

despite being ranked 23rd in terms of area. Next, the results of the flash density 

calculations are shown. The results indicate that most of the cases are ranked near the 

middle of the dataset with respect to flash density, which suggests that accounting for the 

area of these thunderstorms significantly impacts the perceived intensity of electrical 

activity in the storm. This is supported by the result for the 27 September 2007 case, 

which is ranked first overall for peak FD. Given the relatively low area ranking, this high 

FD ranking is expected. The non-severe thunderstorm of 18 July 2005 is also noted for its 

high peak FD ranking, coming in fourth overall. Similar to the 27 September 2007 case, 

this storm was ranked relatively lower for area (12th) despite having the 6th highest peak 

FR. The results of this further examination of the FD calculations provide strong 

evidence that these calculations do in fact account for the area of a thunderstorm, as they 

were intended to do.     
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Figure 3.6 shows the distribution of severe and non-severe thunderstorms by peak 

FD. The results differ significantly from those of Figure 3.1. The general trend of the 

probability of severity increasing with flash rate that was observed in Figure 3.1 is not 

apparent in the analysis of flash density. This is supported by examination of the 

summary statistics presented in Table 3.1, which show that the average peak FD is 

actually slightly higher for non-severe storms (0.145 flashes km-2 min-1) than for severe 

storms (0.143 flashes km-2 min-1). This is also the case when comparing median values, 

which are 0.155 and 0.137 flashes km-2 min-1 respectively for non-severe and severe 

thunderstorms. The distribution of thunderstorms by peak FD with the inclusion of the 

marginal severe subset is shown in Figure 3.7. As was the case for peak FR (Figure 3.2), 

the distribution of the original severe dataset is somewhat clearer when the marginal 

severe classification is utilized. The average and median peak FD values of the remaining 

severe storms both increase to 0.166 flashes km-2 min-1. These values are significantly 

less for the marginal dataset, as noted in Table 3.2. Although these statistics provide 

some degree of clarification with respect to the distribution of the severe thunderstorm 

dataset, they do not do so as clearly as in Figure 3.2, when peak FR was being 

considered. 

Analysis of the distributions of peak flash density suggests that although FD is 

effective in accounting for potential biases caused by storm size, it is not a useful metric 

for distinguishing between severe and non-severe thunderstorms. Utilizing raw flash rate 

that does not account for storm size is found to be a better method for discerning between 

levels of severity, although this also leaves a large degree of uncertainty. The threshold 

flash rate value which was clearly demonstrated in the Williams et al. (1999) study of 

Florida thunderstorms is not apparent in this dataset of Oklahoma thunderstorms, as 

severe thunderstorms are observed to exhibit a wide range of peak flash rates, including 

those that are very low. This observation is clarified by the introduction of a marginal 

severity categorization, as the severe cases with the lowest peak FR were found to be 

marginal. These results of the threshold analysis, coupled with the evidence of a strong 

relationship between peak FR and area presented in Figure 3.4, lead to an intriguing 

inferred relationship between severity and storm size. 
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3.2 Flash Rate – Hail Size Analysis 

 Upon examination of the dataset of 17 severe and 13 marginally severe 

thunderstorms, the results indicate that a relationship exists between peak total flash rate 

and the level of severity of a given thunderstorm. This relationship is also observed in 

comparison of the flash density statistics, but to a more limited extent. On average, 

thunderstorms classified as severe were shown to exhibit much higher values of average 

FR and FD than those classified as marginally severe (Table 3.2). This intriguing finding, 

coupled with the fact that hail size is one of the primary criteria set to distinguish 

amongst these differing levels of severity, suggest it is appropriate to investigate a 

potential relationship between hail size and total flash rate to determine if hail size can be 

predicted based upon the total flash rate. Figure 3.8 shows the largest reported hail size 

for each severe thunderstorm as a function of the peak FR associated with that storm. 

Examination of this figure yields little evidence of a strong relationship between peak FR 

and hail size, which is supported by a weak correlation coefficient (0.1501). Figure 3.9 

substitutes peak FD for FR, with similar results. The correlation between peak FD and 

hail size is also very weak, and is in fact shown to be negative (-0.1433). 

 The results of this analysis strongly suggest that hail size cannot be predicted 

based merely upon the examination of flash rate or flash density in a given thunderstorm. 

This is despite the previous observations that these metrics (particularly peak FR) can be 

useful in distinguishing between severe and marginally severe thunderstorms. The results 

suggest that the stratification of the severe thunderstorm dataset is not adequately 

explained simply by accounting for differences in hail size.  

3.3 Lightning Jump Algorithm Analysis 

 A lightning jump algorithm based upon the 2σ algorithm tested by Schultz et al. 

(2009) was applied to each thunderstorm case with the primary objective of determining 

the extent to which lightning jumps can be used to predict the occurrence of severe 

weather at the ground.   
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 First, the performance of the algorithm was examined. Although the goal of this 

thesis is not to test algorithm performance, this is a necessary step in assessing the utility 

of the algorithm as a means of quantifying seemingly significant trends in the total 

lightning. The performance of the lightning jump algorithm is summarized in Table 3.4. 

The POD is 71.7%, which suggests a relatively strong possibility that any given severe 

weather report will be preceded by a lightning jump. Still, this is significantly lower than 

the performance of the 2σ algorithm tested by Schultz et al. (2009), which had a POD of 

87%. A similar trend is observed upon examination of the FAR. For severe 

thunderstorms, the FAR is 35.7%. This is a relatively positive result, which again 

suggests a reasonably high possibility that a lightning jump associated with any given 

severe thunderstorm will be followed by the occurrence of severe weather. The FAR is 

raised considerably when non-severe thunderstorms are also considered, increasing to 

50.3%. This means that half of all detected lightning jumps in the dataset are not 

associated with any report of severe weather, and also suggests that lightning jumps are 

found in many non-severe thunderstorms. Indeed, of the 22 non-severe cases, 15 (68%) 

had lightning jumps detected by the algorithm. This result provides strong evidence that 

the presence of a lightning jump alone is not a reliable factor in determining storm 

severity. Like the POD, the FAR results observed herein are found to be significantly 

different from those of Schultz et al. (2009), who found a FAR for severe thunderstorms 

of only 26%. Their FAR increases only slightly, to 33%, when non-severe thunderstorms 

are taken into account.  

 The magnitude of the differences between the algorithm performance results 

herein and those of Schultz et al. (2009) are much larger than might be expected. There 

are a number of possibilities regarding what may contribute to these differences. First, the 

Schultz et al. (2009) results are for a range of 150 kilometers from the center of the 

network, whereas all results discussed herein are for a range of 200km from the center of 

the LMA. The results of Schultz et al. (2009) indicate a slight decrease in algorithm 

performance with distance. However, this explanation is unlikely to account for the 

inconsistency given the magnitude of the differences observed, particularly when 

considering Figure 3.3, which showed that the flash rate was not significantly affected by 
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distance. The disparity is more likely explained by fundamental differences in the two 

datasets. The Schultz et al. (2009) dataset was collected in a different region, as the 

Washington D.C. and North Alabama LMAs were utilized. Also, the thunderstorm cases 

chosen by Schultz et al. (2009) were not limited to isolated cells, as several convective 

modes were considered. These factors likely make a larger contribution to the observed 

differences, as thunderstorm electrification associated with the differing convective 

modes and precipitation regimes of southeast and mid-Atlantic convection can reasonably 

be expected to differ from that of isolated convection occurring over the plains.  

Regardless of the differences noted between the algorithm performance results 

presented in this thesis and the work of Schultz et al. (2009), the statistics in Table 3.3 

indicate that the algorithm is at least moderately successful in identifying total lightning 

trends prior to the occurrence of severe weather at the ground. Furthermore, the goal of 

this thesis is not to build a perfect lightning jump algorithm, but to attempt to quantify 

lightning jumps and assess how they relate to reports of severe weather, thus aiding in the 

warning decision making process. 

In order to investigate how lightning jumps relate to specific types of severe 

weather, the POD statistics were calculated for each type of severe report. The results are 

presented in Table 3.5 and also summarized graphically in Figure 3.10. The highest POD 

was associated with severe hail, as 75.6% of reports were preceded by a lightning jump. 

Similar behavior was noted for severe wind events, as 70.0% or reports were preceded by 

a lightning jump. The POD for both types of events was in good agreement with the 

overall POD of 71.7%. Interestingly, the POD for tornadoes was found to be significantly 

lower, with only 57.1% of reports being preceded by a lightning jump. To interpret these 

results, it is appropriate to once again consider the underlying reasoning for utilizing total 

lightning as an indicator of severe weather. Total lightning flash rate is thought to be a 

proxy for updraft size and strength. Thus, a lightning jump would be indicative of a 

rapidly intensifying and/or broadening updraft. A more intense updraft is more likely to 

ultimately produce large hail and, eventually, strong winds at the surface. Although the 

link between the convective updraft and the processes which lead to reports of severe hail 
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and wind is fairly straightforward, the link to tornadogenesis is more nebulous. In light of 

this information, it does seem sensible to conclude that hail and wind reports would be 

more closely related to lightning jumps than would tornado reports. It also must be noted 

that the sample sizes for the tornado and wind reports are relatively small. This is 

particularly true of the wind reports, for which there are only ten in the dataset. Despite 

this caveat, the results do seem reasonable given the information discussed above. 

 Next, warning lead time is considered. The summary statistics for the amount of 

warning lead time provided by the lightning jump algorithm for each type of severe 

weather event are presented in Table 3.6. Examination of the mean and median values 

indicates that the lead time is not significantly affected by event type, as all types of 

reports have an average lead time of around 25 minutes. This is in good agreement with 

the findings of many of the studies discussed previously. However, despite these mean 

values, examination of the range of lead times associated with each type of report 

suggests there is a large degree of uncertainty with respect to the lead time provided by 

lightning jumps. This is shown in Figure 3.11, which illustrates the overall distribution of 

lead times. A large degree of variation is noted, with lead times ranging from less than 

five minutes up to around 45 minutes. This is also found to be the case for each 

individual type of severe report, as shown in Figure 3.12 as well as Table 3.6. Tornado 

and hail reports both exhibit a broad distribution of lead times, ranging anywhere from 1-

2 minutes up to more than 40 minutes. The spread of lead times for wind reports is a little 

narrower, ranging from 13 to 39 minutes, but is still relatively substantial, leading to a 

large degree of uncertainty. 

 Overall, the results of applying a lightning jump algorithm to the dataset provide 

evidence that lightning jumps are commonly observed as a precursor to the occurrence of 

severe weather at the ground. However, they are also found to regularly occur in non-

severe as well as severe thunderstorms. For this reason, the observation of a lightning 

jump cannot be reliably used on its own to determine the severity of a given 

thunderstorm. 
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Table 3.1: Summary statistics of peak flash rate and peak flash density for severe and 

non-severe thunderstorm datasets. The numbers following the +/- symbol in the “Mean” 

columns indicate the standard error. FR: flashes min-1; FD flashes km-2 min-1. 

 Min/Max 

Peak FR 

Mean 

Peak FR 

Median 

Peak FR 

Min/Max 

Peak FD 

Mean Peak 

FD 

Median 

Peak FD 

Severe 4/305 72 +/- 12 63.0 0.036/0.345 0.143 +/- 0.013 0.137 


on-Severe 4/143 50 +/- 9 31.5 0.040/0.267 0.145 +/- 0.014 0.155 

 

Table 3.2: Same as Table 3.1, but with the inclusion of the marginally severe 

thunderstorm dataset. 

 Min/Max 

Peak FR 

Mean 

Peak FR 

Median 

Peak FR 

Min/Max 

Peak FD 

Mean Peak 

FD 

Median 

Peak FD 

Severe 22/305 99 +/- 18 75.0 0.073/0.345 0.166 +/- 0.019 0.166 

Marginal Severe 4/86 36 +/- 8  26.0 0.036/0.220 0.112 +/- 0.015 0.107 


on-Severe 4/143 50 +/- 9 31.5 0.040/0.267 0.145 +/- 0.014 0.155 
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Table 3.3: Rankings (relative to the entire dataset) by peak flash rate, area, and peak flash 

density for top four severe and non-severe thunderstorms in terms of peak flash rate. 

 Peak FR Rank Area Rank Peak FD Rank 

Severe 

24 May 

2008 

305 1 1683 1 0.181 13 

19 July 

2008 

194 2 1227 3 0.158 22 

13 Sep 2005 

#2 

191 3 1149 4 0.166 20 

27 Sep 2007 148 4 428 23 0.345 1 


on-Severe 

13 June 

2007 #3 

143 5 966 6 0.148 25 

18 July 

2005 #1 

118 6 536 12 0.220 4 

14 June 

2007 

110 7 647 9 0.170 18 

9 June 2005 

#1 

101 T8 646 10 0.156 23 

 

Table 3.4: Performance statistics for lightning jump algorithm. Left: Oklahoma dataset; 

right: Schultz et al. (2009) dataset; POD: probability of detection; FAR: false alarm rate. 

 Oklahoma Schultz et al. (2009) 2σ 

POD FAR POD FAR 

Severe only 71.7 35.7 87.0 26.0 

Severe and non-severe 71.7 50.3 87.0 33.0 
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Table 3.5: Summary of lightning jump algorithm POD for each type of severe report. 

 Tornado Hail Wind All Reports 

Hits 12 62 7 81 

Misses 9 20 3 32 

Total 21 82 10 113 

POD 57.1 75.6 70.0 71.7 

 

Table 3.6: Summary statistics of warning lead time (in minutes) provided by the lightning 

jump algorithm for each type of severe weather report. 

 Mean  Median Minimum Maximum 

Tornado 25.0 26.5 1.0 41.0 

Hail 26.2 26.0 2.0 44.0 

Wind 24.1 19.0 13.0 39.0 

All reports 25.8 26.0 1.0 44.0 
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Figure 3.1: Distribution of severe and non-severe thunderstorms by peak flash rate. 

 

 

Figure 3.2: Same as Figure 3.1, with the inclusion of marginally severe thunderstorms. 
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Figure 3.3: Scatter plot showing peak flash rate as a function of a given thunderstorm’s 

distance from the center of the Oklahoma LMA at the time of observed peak FR. 
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Figure 3.4: Scatter plot showing peak flash rate as a function of a given thunderstorm’s 

calculated area at the time of observed peak FR. 

 

Figure 3.5: Scatter plot showing peak flash density as a function of a given 

thunderstorm’s calculated area at the time of observed peak FD. 
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Figure 3.6: Distribution of severe and non-severe thunderstorms by peak flash density. 

 

 

Figure 3.7: Same as Figure 3.6, with the inclusion of marginally severe thunderstorms. 
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Figure 3.8: Scatter plot showing peak hail size reported in each severe thunderstorm as a 

function of peak flash rate. 

 

Figure 3.9: Scatter plot showing peak hail size reported in each severe thunderstorm as a 

function of peak flash density. 
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Figure 3.10: Summary of lightning jump algorithm POD for each type of severe report.
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Figure 3.10: Summary of lightning jump algorithm POD for each type of severe report.
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Figure 3.11: Distribution of warning lead times provided by the lightning jump algorithm, 

all severe event types. 

 

 

Figure 3.12: Same as Figure 3.11, but separated by event type. 
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CHAPTER IV 

CASE STUDIES 

 From the original dataset of 52 thunderstorms, five individual cases were chosen 

to undergo further analysis. As was previously discussed in Chapter 2, the cases 

presented herein were selected with the intent of representing each general type of 

thunderstorm found in the dataset, and also to examine how total lightning behavior 

varied amongst these different categories of thunderstorms. In this chapter, three severe 

and two non-severe thunderstorm cases will be examined. Of the three severe cases, two 

were supercell thunderstorms that produced tornadoes, and the other was an “ordinary” 

severe thunderstorm thought to be more representative of the typical severe 

thunderstorms found in the dataset. The two tornadic supercells were selected due to their 

many similarities, which facilitated an interesting comparison of the flash rate trends as 

they pertained to the severe weather reports in each storm. As with the “ordinary” severe 

thunderstorm, an “ordinary” non-severe thunderstorm case was also selected to represent 

the majority of non-severe storms in the dataset. The other non-severe thunderstorm was 

chosen because it exhibited a very high flash rate, yet did not produce any reports of 

severe weather.  

The objective of this analysis was to assess the behavior of total lightning during 

the evolution of specific thunderstorms, thus identifying any trends which may be 

indicative of a relationship between total lightning and the occurrence of severe weather. 

Each case study consisted of two parts, the first of which was a detailed analysis of trends 

in total lightning flash rate in relation to the severe weather reports (or lack thereof) 

associated with the given thunderstorm. Radar data were also utilized to provide 

additional context in which to assess the utility of these total lightning trends as indicators 

of updraft intensity. In the second part, a lightning jump algorithm based on the 2σ 

algorithm developed by Schultz et al. (2009) was applied to the storm. This was done to 

investigate how subjectively determined flash rate trends such as lightning jumps can be 
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quantitatively identified and related to severe weather reports, thus leading to an 

assessment of the utility of total lightning as a prognostic tool for severe weather.  

Although it is not a stated goal of this thesis to develop the perfect lightning jump 

algorithm, this analysis also allowed for insight into how the algorithm may be improved. 

Recall that there are two conditions which must be satisfied in order for the jump 

algorithm to detect a jump: (1) the time rate of change in the total flash rate (�′) exceeds 

the running background mean by two standard deviations, and (2) the total flash rate is at 

least 10 flashes per minute when the first condition is met. 

4.1 Tornadic Supercell: 01 May 2008 

The dryline moved eastward during the afternoon of 01 May 2008, eventually 

stalling across central Oklahoma. Isolated supercell thunderstorms formed east of the 

dryline during the early evening and moved northeastward in a very unstable air mass 

characterized by steep lapse rates, strong shear, and CAPE values near 3000 J/kg. The 

cell of interest formed between 2310-2320 over McClain County and moved 

northeastward across Cleveland, Oklahoma, Lincoln, and Payne counties before 

dissipating around 0210. The general track of the storm within the domain of the 

Oklahoma LMA is shown in Figure 4.1. Overall, this storm produced 23 reports of severe 

hail and one brief EF0 tornado. 

4.1.1 Flash Rate Analysis 

Figure 4.2 shows the evolution of total flash rate and 35dBZ contour height within 

the 01 May 2008 thunderstorm from the time of initiation to dissipation. Each report of 

severe weather associated with the storm is also indicated. Total lightning activity in the 

storm is characterized by four distinct peaks in the total flash rate. The initial surge in 

lightning activity is observed from approximately 2330-2335 (all times are in UTC) as 

the flash rate rapidly increases from zero to around 20 flashes per minute. This trend is 

then immediately followed by several reports of hail ranging from 1” to 1.25” in diameter 

in the vicinity of Moore and Del City between 2336 and 2341. Two more hail reports are 

received from the Midwest City area at 2348 and 2350, respectively. Following a brief 
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lull in activity, the second rapid increase occurs between 2350 and 0000. This increase is 

much higher in magnitude than the first one, reaching a peak FR of greater than 60 

flashes per minute at 2359. Several more reports of severe hail occur during this rapid 

increase, including one at the time of the peak FR. Although the majority of these reports 

range from 1 to 1.75” in diameter, 3” hail is reported in Midwest City at 2355. The third 

rapid increase occurs approximately 20 minutes later, reaching a peak FR of 69 flashes 

per minute at 0017. This represents the peak flash rate for the entire storm. Like the 

previous trend, several reports of hail are received during this rapid increase. This 

includes a number of reports around 0015 of hail ranging from 2.5-3.5” in diameter. 

Interestingly, no more hail reports are received for nearly an hour following the 

maximum observed flash rate, although a tornado is reported near the city of Choctaw 12 

minutes later. The report occurs during another rapid increase in FR with an associated 

peak of 50 flashes per minute at 0031. Following this peak, no additional distinct rapid 

increasing trends are noted, as the flash rate decreases to fewer than 10 flashes per minute 

by approximately 0050. After this time, lightning activity in the storm is characterized by 

a gradual increasing trend until approximately 0140, exhibiting many small fluctuations 

over time. Another round of hail reports is received during this gradual increasing trend 

between 0103 and 0115. These reports occur around the time of a small but rapid increase 

in FR, which rises from fewer than 10 to over 20 flashes per minute from approximately 

0103-0107. A similar feature is noted around 0130, when FR climbs from roughly 15 to 

30 flashes per minute. This is followed by a decreasing trend in FR, during which time 

one more round of severe hail is reported in Lincoln and Payne counties. FR continues to 

decrease, ending shortly after 0200. 

The observed trends in FR are found to match up relatively well with trends in 

radar reflectivity, as approximated by the height of the 35dBZ contour. In general, 

increasing FR trends tend to be preceded by, or coincide with, increases in 35dBZ height. 

It is noted, however, that these increases in 35dBZ height appear to be much less 

dramatic than those associated with the increases in flash rate, as the height of the 35dBZ 

contour generally remains around 14km after the initial surge in vertical development of 

the storm. This surge is observed just prior to the initial surge in FR. Each of the 
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additional peaks in FR observed over the first half of the storm also appears to be 

associated with an increase in 35dBZ height. This is especially apparent with the FR 

trend occurring during the time of the tornado report (approximately 0030), which 

coincides with an increase in 35dBZ height in excess of 16km, the highest value observed 

during this thunderstorm. Flash rate and radar trends continue to correspond relatively 

well over the second half of the storm, as the cessation of lighting activity is followed 

shortly thereafter by the rapid descent of the 35dBZ reflectivity contour. The results of 

the radar analysis in the 01 May 2008 case suggest that the observed FR trends are indeed 

indicative of fluctuations in updraft intensity.          

Overall, analysis of these flash rate trends provides evidence that rapid increases 

in total lightning activity are often found to precede or coincide with reports of severe 

weather. However, these results are only preliminary, as the lack of quantitative support 

makes it difficult to make any substantive claims. An attempt is made to address this 

concern through the implementation of a lightning jump algorithm, the results of which 

are discussed in the next section.           

4.1.2 Lightning Jump Algorithm Performance 

A lightning jump algorithm was applied to the 01 May 2008 thunderstorm to 

determine the extent to which the trends discussed in the previous section could be 

objectively quantified and used to provide advanced warning of the impending severe 

weather reports. The evolution of the two primary metrics utilized by the algorithm is 

presented in Figure 4.3. The solid black line represents the evolution of the time rate of 

change in the total flash rate (�′) over the course of the storm. The dotted black line 

represents the threshold value of �′ which must be exceeded for the algorithm to detect a 

lightning jump. The flash rate and timeline of severe weather reports is also included to 

facilitate an easier comparison with the algorithm metrics. Flash rate is represented by a 

solid gray line.  

During the 01 May 2008 case, the algorithm detects the first jumps at 2334, 2335, 

and 2340. Since these jumps occur within six minutes of one another, they are counted as 
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one jump beginning at 2334, per the methods of Schultz et al. (2009). The next two 

jumps are then detected at 2352 and 2357, and are also counted as one jump as a result of 

the six minute rule. Thus, two 45 minute “warnings” are placed on the storm, with one 

beginning at 2334 and the other beginning at 2352. Meanwhile, numerous severe hail 

reports are received between 2336 and 0015. Since each of these events occur within 45 

minutes of the initial warning provided by the lightning jump algorithm, they are counted 

as hits for the first lightning jump. Recall that similar events occurring within six minutes 

of one another (i.e., two 1” hail reports from the city of Moore at 2340 and 2341, 

respectively) are counted as the same hit at the earliest report time, in accordance with the 

work of Schultz et al. (2009). This is done in an attempt to mitigate the potential errors 

caused by a lag in report times.   

The first lightning jump warning expires at 0019. However, the warning 

associated with the second lightning jump remains in effect until 0037. As a result, the 

tornado report received at 0029 is counted as a hit for the second lightning jump. No 

additional jumps are detected by the algorithm following the expiration of the second 

warning. Despite this fact, two more rounds of hail reports are received before the storm 

dissipates. The first round of reports occurs from 0103-0115, with the second round 

following between 0144 and 0154. Since none of these reports occur within 45 minutes 

of a lightning jump being identified by the algorithm, they are counted as misses.  

Upon further examination of the algorithm metrics presented in Figure 4.3, 

several instances are noted in which �′ comes close to, but does not exceed the threshold 

value. This includes two of the rapid increasing trends subjectively identified in the 

previous section. Given the observed magnitude of these two trends, it is somewhat 

unexpected that they are not detected by the algorithm. There are three additional 

occasions in which the algorithm nearly detects a lightning jump. These are notable in 

that they all occur just prior to one of the previously discussed rounds of severe hail 

reports which were missed by the algorithm. These observations are included to stress 

that some discretion should be exercised in viewing the algorithm performance results, as 

the reports that were missed by the algorithm could have easily been counted as hits, thus 
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increasing the POD. Conversely, the identification of additional jumps could also lead to 

an increase in FAR, as not all lightning jumps would have been associated with reports of 

severe weather.      

The performance of the lightning jump algorithm during the 01 May 2008 

tornadic supercell is summarized in Table 4.1, which presents the algorithm detection 

statistics for each individually analyzed severe thunderstorm case discussed in this 

chapter. For this case, the algorithm exhibits a moderately high POD of 66.7% and a FAR 

of 0. The lead time provided by the jumps is impressive, with an average of about 20 

minutes for hail reports, and 37 minutes for the tornado report. These findings suggests 

that the algorithm performed relatively well in this instance, as both detected lightning 

jumps were found to precede reports of severe weather, while also providing more than 

adequate lead time. However, some limitations are noted, as several reports were missed 

by the algorithm. Overall, only two thirds of the severe weather reports associated with 

the storm occurred within 45 minutes of a lightning jump.  

4.2 Tornadic Supercell: 10 April 2005  

 In some respects, the tornadic supercell of 10 April 2005 was very similar to the 

01 May 2008 case discussed in the previous section. Like the 01 May 2008 case, the 10 

April 2005 supercell formed east of a dryline moving across central Oklahoma during the 

evening hours. The cell formed at approximately 2300 over eastern Grady County and 

proceeded to move northeastward across McClain, Cleveland, Oklahoma, and Lincoln 

counties before dissipating around 0240. The general track of the storm was nearly 

identical to the 01 May 2008 storm, and can thus also be approximated by Figure 4.1. 

The storm was responsible for seven reports of severe hail, one severe wind report, and 

one tornado report. This tornado was later rated an F1 on the Fujita scale, causing $150K 

in property damage in the SE Oklahoma City metropolitan area. 

4.2.1 Flash Rate Analysis 

 The evolution of total flash rate and 35dBZ height within the 10 April 2005 

thunderstorm is shown in Figure 4.4. Much like the 01 May 2008 case, the first half of 
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the storm is characterized by several distinct, rapid increases in flash rate. The first major 

surge in FR occurs just after 2320, increasing to just over 20 flashes per minute. The flash 

rate then quickly decreases to fewer than 10 flashes per minute before another rapid 

increase to almost 40 flashes per minute is observed from 2330-2340. Shortly after this 

peak is observed, the first severe report is received, for 0.75” hail near Blanchard. After 

again falling below 10 flashes per minute, FR rapidly increases to over 20 flashes per 

minute at approximately 2350. Following yet another FR decrease to fewer than 10 

flashes per minute, the next rapid increase is observed shortly after 0003, with the FR 

reaching a localized peak of 36 flashes per minute at 0005. This coincides with time of 

the next severe hail report, to the southeast of Newcastle. A brief lull in FR is then 

observed over roughly the next 20 minutes. During this time, sixteen minutes after the 

previous peak FR, surface winds of 53 knots are measured by an Oklahoma Mesonet 

station in the city of Moore. A very rapid FR surge is observed shortly thereafter, 

increasing from 5 to 63 flashes per minute between 0026 and 0029. This value of 63 

flashes per minute represents the peak FR for the entire storm. Severe hail of 1” diameter 

is reported in Norman at the time of this peak. Almost as quickly as it increased, FR then 

plummets to fewer than 10 flashes per minute by 0035. This is followed by another sharp 

increase to above 30 flashes per minute at 0041, which coincides with another severe hail 

report from Norman. After some minor fluctuations over the next ten minutes, the 

upward trend continues, reaching a peak of approximately 45 flashes per minute around 

0050.  

Following this peak, FR decreases slowly over the next 20 minutes, exhibiting 

minor fluctuations before eventually falling below 10 flashes per minute around 0110. 

This trend is again very similar to what was observed over the second half of the 01 May 

2008 thunderstorm. Within the mostly minor fluctuations occurring during this 

decreasing trend, a rapid FR increase is noted just before 0100. Two more hail reports are 

received shortly thereafter, both occurring to the west of Stella at 0102 and 0110, 

respectively. FR generally stays below 10 flashes per minute from 0110-0150, exhibiting 

only minor fluctuations. It is during this time that the tornado occurs. The tornado is first 

reported at 0130, 5 miles WSW of Stella. The tornado remained on the ground for 14 
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minutes, causing moderate property damage to several farms. It was later rated an F1 on 

the Fujita scale. From a FR perspective, this tornado differs significantly from the 

tornado discussed in the 01 May 2008 case. It occurs during a period of minimal 

lightning activity, which is in stark contrast to the 01 May 2008 tornado, which occurred 

approximately 10 minutes after the peak flash rate for the entire storm, and also during 

another rapid increase in flash rate. 

 No additional severe weather is reported following the tornado. FR generally 

remains under 10 flashes per minute for the remainder of the thunderstorm’s evolution, 

although a slight increasing trend is noted just after 0150. Lightning activity ceases just 

after 0230, and the storm completely dissipates by 0240. 

 Unfortunately, radar data were unavailable for this case after approximately 0030. 

However, as in the previous case, the increasing trends in 35dBZ height observed over 

the first half of the storm are once again consistent with the FR trends, generally 

preceding or coinciding with peaks in FR. This finding lends further support to the 

argument that the observed FR rate trends can be used as a proxy for updraft intensity.    

 Once again, it appears as though the observed rapid increasing FR trends 

associated with this storm are often found to precede or coincide with many of the reports 

of severe weather. This is especially true of the hail reports. This suggestion will be more 

quantitatively examined in the next section by applying a lightning jump algorithm to the 

thunderstorm. The observed differences in the tornado reports with respect to FR between 

this case and the 01 May 2008 thunderstorm serve to highlight the lack of confidence in 

the relationship between lightning activity and tornado reports in this dataset. This is 

supported by the algorithm performance statistics presented in Chapter 3, where the POD 

for tornado reports was found to be significantly lower than for other types of severe 

weather.    

4.2.2 Lightning Jump Algorithm Performance  

 The lightning jump algorithm metrics for the 10 April 2005 thunderstorm are 

presented in Figure 4.5. Unlike the previous case, in which only two lightning jumps 
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were detected by the algorithm, five separate lightning jumps are detected in this storm. 

The first lightning jumps are detected by the algorithm at 2321 and 2324. These are 

counted as the same jump, beginning at 2321. The next jump is then detected at 2334. 

Two lightning jump warnings are placed on the storm, beginning at 2321 and 2334, 

respectively. The first two reports of severe hail are counted as hits for the first jump, as 

both occur within the 45 minute window. There are no additional severe reports between 

the time the first jump warning expires and the expiration of the second jump warning at 

0019. This causes the second jump to be classified as a false alarm. Meanwhile, the next 

jump is detected by the algorithm at 0003. The warning placed on this jump runs until 

0048. Three reports of severe weather are counted as hits for this jump, including the 

severe wind report at 0021. The next lightning jumps are detected at 0027 and 0028, 

meaning they are counted as the same jump, for which a lightning jump warning is placed 

on the storm at 0027. A lightning jump warning is placed on the storm until 0112. 

However, since the previous lightning jump warning remains in effect until 0048, only 

severe events occurring after that time are counted as hits for the most recent jump. Two 

reports occur within this time frame, at 0102 and 0110 respectively. The tornado, as well 

as one last severe hail event, is reported at 0130. Since no lightning jump warnings are in 

effect at this time, each of these reports is counted as a miss. The jump algorithm is 

triggered once more at 0154. Since no severe weather occurs after this time, the lightning 

jump is designated as a false alarm.       

 Upon further examination of the algorithm metrics in Figure 4.5, there is only one 

instance in which �′ approaches the threshold value without surpassing it. This occurs at 

0057, and is significant because if the algorithm had been triggered at this time, the 

tornado and hail reports occurring at 0130 would have been counted as hits for this jump.  

 The lightning jump algorithm performance statistics for the 10 April 2005 

thunderstorm are found in Table 4.1. A high POD of 77.8%, coupled with a low FAR of 

22.2% suggests that the algorithm was very successful in providing an indication of 

impending severe weather through the identification of lightning jumps. Additionally, the 

average lead time associated with severe hail reports is found to be 33.3 minutes, with a 
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lead time of 18 minutes for the severe wind report. However, despite these impressive 

lead times associated with the severe hail and wind reports, the tornado report was missed 

by the algorithm. 

4.3 Severe Thunderstorm: 23 May 2005 

 An outflow boundary from a decaying MCS moved southward across the 

Oklahoma City area during the overnight hours of 23 May 2005. This outflow boundary, 

along with modest instability, served to initiate scattered convection. The particular cell 

of interest formed at approximately 1000 in SW Oklahoma County and proceeded to 

move southeastward across Cleveland County during the early morning hours, dissipating 

around 1230. The general track of the storm within the domain of the Oklahoma LMA is 

shown in Figure 4.6. This storm was responsible for 8 reports of severe hail in the city of 

Norman, all ranging in size from 0.75-1” in diameter. 

4.3.1 Flash Rate Analysis 

The evolution of total flash rate and 35dBZ height for the 23 May 2005 severe 

thunderstorm is presented in Figure 4.7. The FR trends observed in this thunderstorm are 

quite different from those observed in the previously discussed supercell cases. The peak 

FR for this storm is only 35 flashes per minute, or roughly half the peak FR of the 

previous cases. The thunderstorm is characterized by two distinct peaks in flash rate 

which are similar in magnitude, one of which is followed by reports of severe weather, 

and one which is not. 

Lightning activity begins at approximately 1020, and remains relatively minimal 

over the next 30 minutes, undergoing minor fluctuations while never increasing above 7 

flashes per minute. A more rapid increase is finally observed shortly after 1050, although 

this increase is relatively small in magnitude, with a peak of just over 10 flashes per 

minute. FR remains fairly steady for approximately the next ten minutes. The first three 

severe hail reports are received during this time, between 1055 and 1102. Another rapid 

FR increase begins shortly after 1100, eventually reaching a peak of 35 flashes per 

minute, which represents the peak FR for the entire storm. Five more reports of severe 
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hail are received immediately following this trend. The first occurs at the time of the FR 

peak (1111) followed by three reports at 1115 and one more at 1117 as FR decreases to 

around 15 flashes per minute. The next upward FR trend begins at approximately 1130, 

reaching a peak of over 30 flashes per minute at 1139. No severe weather is reported 

following this trend, or for the rest of the storm. FR quickly decreases back to around 10 

flashes per minute by 1145, and then begins a gradual decreasing trend that lasts through 

the end of the storm, exhibiting only minor fluctuations. Once again, FR trends are 

generally consistent with trends in 35dBZ contour height; with each peak in FR 

corresponding relatively well to an increase in the maximum altitude of the 35dBZ 

contour.   

4.3.2 Lightning Jump Algorithm Performance 

 The evolution of algorithm metrics for the 23 May 2005 severe thunderstorm is 

shown in Figure 4.8. Three lightning jumps are detected in this storm, with the first jump 

identified at 1051 and the second at 1106. All severe hail reports occur well within the 45 

minute window after the first jump at 1051, and are thus counted as hits for this jump. 

This leads to the second jump being designated as a false alarm. One more lightning jump 

is detected near the end of the storm in association with minor fluctuations in the flash 

rate. Obviously, this jump is designated a false alarm, as the storm dissipates less than ten 

minutes after the jump is detected. It is noted that this trend is almost not detected as a 

jump, as FR barely exceeds the 10 flash per minute threshold, and �′ exceeds its 

threshold by only a slim margin. Detailed analysis of the algorithm metrics reveals no 

additional instances of �′ approaching the threshold value to indicate the possibility of a 

jump being detected. This includes the secondary maximum in flash rate, for which one 

may expect a jump to be detected upon initial inspection of FR.  

The lightning jump algorithm performance statistics for the 23 May 2005 severe 

thunderstorm case are presented in Table 4.1. The POD for the case is 100%, as each 

report of severe hail was accounted for by the first lightning jump. This result is found to 

be quite common amongst “ordinary” severe thunderstorms in the dataset which are 

typically characterized by a relatively small number of severe reports. The FAR is also 
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found to be very high, with a value of 66.7% in this case. This is also observed to be 

somewhat common in these types of cases, as the identification of multiple lightning 

jumps in cases with relatively few reports of severe weather is likely to result in higher 

number of jumps being designated as false alarms. The average lead time for the hail 

reports in this case was found to be just over 15 minutes. 

4.4 
on-Severe Thunderstorm: 13 June 2007 

 An isolated thunderstorm formed over eastern Major County on the afternoon of 

13 June 2007. This thunderstorm slowly drifted northwest towards the Alfalfa County 

line, becoming nearly stationary before dissipating around 1950. The general track of the 

storm within the domain of the Oklahoma LMA is shown in Figure 4.9. No severe 

weather was reported with this thunderstorm. 

4.4.1 Flash Rate Analysis 

 The evolution of flash rate and 35dBZ in the 13 June 2007 thunderstorm is shown 

in Figure 4.10. The overall trend appears similar to that of the 23 May 2005 severe 

thunderstorm, with 2-3 distinct peaks in flash rate, albeit at a somewhat lower magnitude. 

Lightning activity begins around 1800, but remains very minimal until approximately 

1830 when the first significant upward trend in FR is observed. This increase is relatively 

modest, reaching a peak of 19 flashes per minute at 1832. FR then decreases back to 

around 10 flashes per minute and undergoes minor fluctuations until approximately 1840. 

This is followed by another increasing trend, as FR increases to a value of 25 flashes per 

minute at 1845. This represents the peak FR value for the entire storm. FR then steadily 

decreases to zero at approximately 1900 before exhibiting one final rapid increase to just 

over 25 flashes per minute shortly before 1910. FR then steadily decreases back to zero 

by 1920, signaling the end of lightning activity in the storm. It is noted that the storm 

does not entirely dissipate until approximately 1950, per radar surveillance. As expected, 

FR and radar trends are once again found to be consistent with one another.     
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4.4.2 Lightning Jump Algorithm Performance 

 By default, the POD associated with the lightning jump algorithm is zero for a 

non-severe thunderstorm. Likewise, the FAR will always be 100% as all detected 

lightning jumps are automatically false alarms in the absence of severe weather. For this 

reason, performance statistics are not presented for this non-severe thunderstorm case. 

The evolution of algorithm metrics for the 13 June 2007 thunderstorm is shown in 

Figure 4.11. Two lightning jumps are detected by the algorithm, at 1831 and 1844 

respectively. Naturally, both of these jumps are designated as false alarms. The third 

observed peak in flash rate is nearly identified as a lightning jump, as the threshold value 

is very close to being exceeded at 1904. 

 This case serves as a demonstration that lightning jumps are not limited to severe 

thunderstorms, as the algorithm behaves much the same way in this and many other non-

severe cases as it does in severe thunderstorm cases such as the 23 May 2005 case 

discussed in the previous section. The relative frequency with which lightning jumps are 

observed in non-severe cases such as this one supports the claim that the mere presence 

of a lightning jump cannot be used to make a determination regarding the severity of a 

given thunderstorm. 

4.5 
on-Severe Thunderstorm: 18 July 2005 

 Several scattered thunderstorms developed across northern Oklahoma during the 

evening of 18 July 2005. One of these cells formed in SW Garfield County around 2320 

and drifted slowly northeastward, moving over the city of Enid before dissipating around 

0100 19 July 2005. The general track of the storm within the domain of the Oklahoma 

LMA is shown in Figure 4.12. No reports of severe weather were attributed to this 

thunderstorm.  

4.5.1 Flash Rate Analysis 

 The evolution of total flash rate and 35dBZ height within the 18 July 2005 

thunderstorm is shown in Figure 4.13. The FR trends observed in this storm are unusual 

in several respects. First, the peak FR is a very impressive 118 flashes per minute despite 
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the fact that no severe weather was reported with the storm. This value is higher than for 

most of the severe thunderstorms in the dataset, so it is somewhat unexpected that such a 

value would be associated with a non-severe thunderstorm. In an attempt to discount the 

possibility that the thunderstorm did produce severe weather which was simply not 

reported, radar reflectivity data was examined to assess the likelihood of this explanation. 

A radar image from 0008, the time of the peak FR in the storm, is shown in Figure 4.15. 

This image shows the thunderstorm located over the city of Enid at the time of the most 

intense lightning activity. Given the location of the storm over a relative large city during 

the early evening, it seems likely that any severe weather produced by this particular 

thunderstorm would have been reported. Conversely, the maximum reflectivity 

approaching 60dBZ would suggest that at least some hail would be produced by the 

storm. Nonetheless, given the lack of reports, the storm is considered to be non-severe. 

 Another unusual observation is noted in the overall FR trend. Unlike many of the 

other thunderstorms in the dataset (including those analyzed in this chapter), which tend 

to exhibit several relatively short lived, distinct surges in lightning activity, the FR trend 

of the 18 July 2005 case is characterized by one relatively steady increase until the peak 

value is achieved, followed by a relatively steady decrease until lightning activity ceases 

and the storm dissipates. This type of evolution is very atypical of all cases, severe or 

non-severe, in the dataset. 

 The gradual increase in FR begins shortly after 2320, reaching a localized peak 

just shy of 60 flashes per minute at approximately 2340. After this localized peak occurs, 

FR temporarily drops back down to near 30 flashes per minute. Following this decrease, 

the flash rate begins a gradual increase, eventually reaching the peak of 118 flashes per 

minute at 0008. The FR then gradually decreases, falling back down below 10 flashes per 

minute by 0040z. Only minor fluctuations are noted during both the gradual increase 

leading up to the peak in FR and the gradual decrease that follows. The overall flash rate 

remains above (and often well above) 60 flashes per minute for roughly 30 minutes 

between 2350-0020, and 40 flashes per minute for nearly an hour from 2345-0035. This 

observation is in stark contrast to the majority of cases in the dataset, and is even more 
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unusual in light of the lack of severe weather associated with this storm. Lightning 

activity remains minimal for the rest of the storm, eventually ceasing just before 0100.  

The evolution of 35dBZ reflectivity contour height in relation to observed trends 

in FR is similar to what was found in each of the previous cases, as localized peaks in FR 

tend to correspond with vertical development of the storm.               

4.5.2 Lightning Jump Algorithm Performance 

 As was discussed in Section 4.4.2, algorithm performance statistics for non-severe 

thunderstorms are not included in Table 4.1 because the POD and FAR are automatically 

zero and 100%, respectively. 

 The evolution of algorithm metrics for this case is shown in Figure 4.14. The 

algorithm is triggered only three times during the event; at 2330, 2332, and 2337, 

respectively. These are all counted as the same jump because of the six minute rule. This 

occurs as the gradual increase in flash rate begins, and is the only jump identified by the 

algorithm. Analysis of �′ indicates that it only approaches the threshold value on a few 

occasions, and never comes especially close to surpassing it. 

 This case provides further evidence that the presence of lightning jumps alone is 

not indicative of a severe thunderstorm, as they are shown to be a relatively common 

occurrence in non-severe thunderstorms as well. The abnormally high FR, as well as the 

prolonged intensity of the electrical activity observed within this thunderstorm illustrates 

some limitations inherent in using total lightning to predict the occurrence of severe 

weather, as some thunderstorms may exhibit vigorous total lightning activity, including 

lightning jumps, yet not produce any severe weather. 
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Table 4.1: Lightning jump algorithm performance statistics for the three severe 

thunderstorm cases analyzed in Chapter 4. The lead times for the tornado and severe 

wind reports are not really a mean, as each is based on only one report. Although a 

tornado was reported with the 10 April 2005 thunderstorm, it was missed by the 

algorithm, and thus no lead time was given. 

 POD FAR Mean Lead Time 

(Tornado) 

Mean Lead Time 

(Hail) 

Mean Lead Time 

(Wind) 

01 May 2008 66.7 0.0 37.0 20.1 NA 

10 April 2005 77.8 22.2 NA 33.3 18 

23 May 2005 100.0 66.0 NA 15.3 NA 

 

  



Figure 4.1: The approximate track of the 01 May 2008 tornadic supercell 

May 2008 to 0210 UTC 02 May 2008) within the domain of the Oklahoma LMA. This 

also represents the approximate track of the 10 April 2005 tornadic supercell (2300 UTC 

10 April 2005 to 0240 UTC 11 April 2005).
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Figure 4.1: The approximate track of the 01 May 2008 tornadic supercell 

May 2008 to 0210 UTC 02 May 2008) within the domain of the Oklahoma LMA. This 

also represents the approximate track of the 10 April 2005 tornadic supercell (2300 UTC 

10 April 2005 to 0240 UTC 11 April 2005). 

Christopher Burling, December 2010 

 

Figure 4.1: The approximate track of the 01 May 2008 tornadic supercell (2310 UTC 01 

May 2008 to 0210 UTC 02 May 2008) within the domain of the Oklahoma LMA. This 

also represents the approximate track of the 10 April 2005 tornadic supercell (2300 UTC 
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Figure 4.2: Total lightning flash rate (black line) and maximum height of the 35dBZ 

radar reflectivity contour (green line) for the 01 May 2008 tornadic supercell. Green 

circles represent reports of severe hail. Red triangles represent tornado reports.  
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Figure 4.3: Lightning jump algorithm metrics compared with total flash rate for the 01 

May 2008 tornadic supercell. Gray line: flash rate; solid black line: time rate of change of 

total flash rate (�′); dotted black line: �′ threshold value utilized by the algorithm to detect 

a lightning jump. Symbols are the same as in Figure 4.2. Squares represent lightning 

jumps detected by the algorithm. Yellow squares are jumps for which severe weather was 

reported within 45 minutes and counted as a “hit”. The green square represents a time for 

which a lightning jump was detected and a report of severe hail was received 

simultaneously.  
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Figure 4.4: Same as Figure 4.2, only for the 10 April 2005 tornadic supercell. The blue 

circle represents a report of severe wind. 

 

Figure 4.5: Same as Figure 4.3, only for the 10 April 2005 tornadic supercell. Blank 

squares represent false alarms, i.e. jumps that were not followed within 45 minutes by 

severe weather. 
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Figure 4.6: The approximate track of the 23 May 2005 severe thunderstorm (1020 UTC 

to 1230 UTC) within the domain of the Oklahoma LMA.
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Figure 4.6: The approximate track of the 23 May 2005 severe thunderstorm (1020 UTC 

1230 UTC) within the domain of the Oklahoma LMA. 
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Figure 4.6: The approximate track of the 23 May 2005 severe thunderstorm (1020 UTC 
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Figure 4.7: Same as Figure 4.2, only for the 23 May 2005 severe thunderstorm. 

 

 

Figure 4.8: Same as Figure 4.3, only for the 23 May 2005 severe thunderstorm. 
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Figure 4.9: The approximate track of the 1

UTC to 1920 UTC) within the domain of the Oklahoma LMA.
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Figure 4.9: The approximate track of the 13 June 2007 non-severe thunderstorm (1800 

UTC to 1920 UTC) within the domain of the Oklahoma LMA. 

Christopher Burling, December 2010 

 

severe thunderstorm (1800 
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Figure 4.10: Same as Figure 4.2, only for the 13 June 2007 non-severe thunderstorm. 

 

 

Figure 4.11: Same as Figure 4.3, only for the 13 June 2007 non-severe thunderstorm. 
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Figure 4.12: The approximate track of the 18 July 2005 non

UTC 18 July 2005 to 0100 UTC 19 July 2005) within the domain of the Oklahoma LMA.
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Figure 4.12: The approximate track of the 18 July 2005 non-severe thunderstorm (2320 

UTC 18 July 2005 to 0100 UTC 19 July 2005) within the domain of the Oklahoma LMA.

Christopher Burling, December 2010 

 

severe thunderstorm (2320 

UTC 18 July 2005 to 0100 UTC 19 July 2005) within the domain of the Oklahoma LMA. 
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Figure 4.13: Same as Figure 4.2, only for the 18 July 2005 non-severe thunderstorm. 

 

 

Figure 4.14: Same as Figure 4.3, only for the 18 July 2005 non-severe thunderstorm. 
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Figure 4.15: 0.5 degree base reflectivity scan from the KTLX WSR-88D at 0008 UTC 19 

July 2005, the time of the maximum observed flash rate in the 18 July 2005 non-severe 

thunderstorm. 
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CHAPTER V 

CO
CLUSIO
S 

The primary objective of this thesis was to assess the utility of total lightning data 

in predicting the occurrence of severe weather at the ground.  In consideration of this 

objective, the following hypotheses were tested:  

Severe weather is preceded by one or more distinct features in the total lightning: 

(1) a threshold value of flash rate, (2) a lightning jump 

 The first approach in investigating these claims was to perform a statistical 

analysis on the complete dataset of 52 thunderstorms (30 severe, 22 non-severe) 

occurring within the domain of the Oklahoma LMA. 

The threshold flash rate value which was clearly demonstrated in the Williams et 

al. (1999) study of Florida thunderstorms is not apparent in this dataset of Oklahoma 

thunderstorms. Although a very general trend is noted for which the probability of a 

storm to produce severe weather increases with total lightning activity, there are many 

exceptions which serve to diminish the clarity of this result. Severe thunderstorms are 

observed to exhibit a wide range of peak flash rates, including those that are very low. 

There are also several instances of non-severe thunderstorms for which the flash rate is 

very high. Further examination of these findings reveals that a strong relationship is 

apparent between peak flash rate and thunderstorm size. This motivated an area 

normalized approach to the flash rate analysis. Examination of the distributions of peak 

flash density suggests that although FD is effective in accounting for potential biases 

caused by storm size, it is not a useful metric for distinguishing between severe and non-

severe thunderstorms. Utilizing raw flash rate that does not account for storm size is 

found to be a better method for discerning between levels of severity, although this also 

leaves a large degree of uncertainty, as discussed above. This observation is clarified to 

an extent by the introduction of a marginal severity categorization, as the marginal cases 

were found to comprise nearly all of the severe thunderstorms exhibiting the lowest peak 

FR values. The results of this threshold analysis, coupled with the evidence of a strong 
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relationship between peak FR and area, lead to a potentially intriguing inferred 

relationship between severity and storm size. 

As was previously discussed, the introduction of a marginal severity 

categorization proved useful in increasing the stratification of the severe thunderstorms 

according to peak flash rate. Given that the classification of marginally severe 

thunderstorms was based largely upon hail size, coupled with the relationship between 

updraft speed and hail size discussed in Williams et al. (1999), this motivated an 

examination of a possible relationship between peak flash rate and the likelihood of a 

given thunderstorm to produce large hail. A strong relationship was not found, as very 

little correlation was noted between hail size and peak flash rate. This finding is 

supported by the results of Deierling et al. (2008), who found a weak correlation between 

total flash rate and updraft speed, and a stronger correlation between total FR and updraft 

volume. These results suggest that peak FR cannot be utilized to predict the size of the 

hail that will be produced by a given thunderstorm. 

To investigate the claim that severe weather is preceded by a lightning jump, a 

lightning jump algorithm was applied to each case in the dataset. The results suggest that 

lightning jumps are often a precursor to reports of severe weather, as over 70% of the 

severe weather reports in the dataset were found to occur within 45 minutes of a lightning 

jump. When these results are extended to individual types of severe weather, it is found 

that lightning jumps are more successful in predicting the occurrence of severe hail and 

wind than tornadoes. This finding is not completely unexpected, as the link between the 

updraft processes (for which the lightning jump is a proxy) and the occurrence of severe 

hail and wind is much more direct than the link between these processes and 

tornadogenesis. Lightning jumps are also found to provide impressive amounts of lead 

time before the occurrence of severe weather, as each type of severe weather had an 

average lead time of around 25 minutes. However, a large amount of variation is noted; 

as some jumps provide a lead time as short as one minute, while others provide over 40 

minutes. This introduces some degree of uncertainty in the amount of lead time provided 

by lightning jumps. 
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Despite the relatively high rate of success with which lightning jumps can be 

utilized as an indicator of impending severe weather, the false alarm rate of 35% for 

severe thunderstorms indicates that there are still a significant number of instances of 

severe weather in which a jump is not previously detected. The FAR is 50% when non-

severe thunderstorms are included. This result provides strong evidence that, although 

lightning jumps are often found to be associated with severe weather, a lightning jump is 

a feature which is commonly observed in both severe and non-severe thunderstorms. 

Thus, the mere presence of a lightning jump cannot necessarily be interpreted as evidence 

that a given thunderstorm is severe. 

Five individual thunderstorms from the dataset were examined in further detail to 

provide more specific insight into the relationship between total lightning and severe 

weather. Preliminary examination of the evolution of these storms suggests that severe 

weather, and particularly hail, often occurs during or following rapid increases in flash 

rate. The previously discussed uncertainty in the relationship between total lightning and 

the occurrence of tornadoes is highlighted by comparing two tornadic supercells. In one 

storm, a tornado occurred shortly after the maximum FR was observed and during 

another surge in lightning activity. In the other storm, the tornado occurred during a time 

of minimal lightning activity. This example provides further support for the previous 

finding that the lightning jump algorithm POD associated with tornado reports is lower 

than for other types of severe weather. Generally, the observed flash rate trends were 

found to correspond relatively well with radar reflectivity as approximated by the height 

of the 35dBZ reflectivity contour. This suggests that trends in total lightning activity can 

be effectively utilized as indicators of updraft intensity, in good agreement with previous 

work.  

The implementation of the lightning jump algorithm in each of these case studies 

also provides further support for the findings of the statistical analysis. In general, 

lightning jumps detected by the algorithm exhibited a high degree of success as a 

precursor to severe weather. Examples of many of the caveats noted in the analysis of the 

larger dataset were also present in these case studies. Although many jumps were found 
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to precede severe weather reports, there were still some instances of severe reports being 

missed by the algorithm; as well as many jumps that were not associated with any severe 

weather reports, and thus counted as false alarms. Additionally, analysis of two non-

severe thunderstorms provides further evidence that lightning jumps are commonly found 

in both types of thunderstorms, and thus cannot be used exclusively as evidence that a 

given thunderstorm is severe. 

The results presented in this study provide evidence of a link between total 

lightning and storm severity, while also demonstrating some limitations. A threshold 

flash rate value which can be used to discriminate between severe and non-severe storms 

is not evident, which is particularly interesting when considering the clear threshold value 

found to characterize Florida thunderstorms in the Williams et al. (1999) study. This 

suggests that further analysis is warranted in other regions of the country to determine if a 

threshold value similar to that found by Williams et al. (1999) exists in other regions. It 

would also be beneficial to examine a much larger Oklahoma LMA dataset with a more 

climatologically realistic ratio of severe to non-severe thunderstorms to determine the 

extent to which the results found herein may be replicated. Although a threshold is not 

evident in this study, there is strong evidence of a link between lightning jumps and the 

occurrence of severe weather at the ground. Further investigation of this relationship is 

also warranted, particularly with respect to the development of an improved lightning 

jump algorithm. An enhanced ability to objectively identify lightning jumps would 

provide further clarification of the link between trends in total lightning and severe 

weather. The limitations noted in utilizing total lightning suggest that it may best be used 

to supplement other information sources such as radar data. Therefore, additional 

research regarding the utility of total lightning data relative to that of radar data in the 

prediction of severe weather would also be very valuable. Overall, the results presented 

in this thesis suggest that the incorporation of total lightning data into the warning 

decision making process provides a beneficial source of additional information to aid in 

the assessment of the ability of a given thunderstorm to produce severe weather. 
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