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ABSTRACT
This study assessed the relationship between cloud-to-ground (CG) lightning and storm type on highlightning days in Central Alabama during 2007 – 2011 with an emphasis on identifying which types of
storms produce the most lightning. Five variables were used to classify high-lightning thunderstorms
into 4 types. The storm types include: 1) spring linear events with high CG flash rates; 2) summer
airmass events with a high percentage of area above 40 dBZ; 3) spring weak events representing
several thunderstorm modes and; 4) summer Mesoscale Convective Systems with high flash rates
and the highest percentage of areas above 40 dBZ. This research has the potential to aid forecasters
in decision making by associating lightning potential with storm type characteristics observed on
days with frequent lightning.
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INTRODUCTION
Lightning is one of the most common atmospheric hazards, and is one of the top three causes of
storm-related fatalities (Jensenius Jr., 2014a). It is also a poorly understood hazard by the public with
a greater percentage of outdoor fatalities in the 1990s compared to the 1890s (Holle et al. 2005).
Lightning occurs in multiple forms, ranges of intensity and polarity, and can occur in all convective
storm types throughout the year. Despite the danger to life and property, lightning remains an oftenignored severe weather hazard.
There are two main types of lightning, intra-cloud lightning (IC) and cloud-to-ground lightning
(CG) (Jensenius Jr., 2014b). CG lightning is more familiar yet less common, comprising only about
25% of lightning strikes (NASA Science, 2001). CG lightning can be either positively or negatively
charged with negatively charged CG lightning most common. Although most lightning occurs
during the summer, thunderstorms which produce CG lightning can occur any time of the year in the
United States (NOAA, 2015). Lightning is most likely to occur in locations with warm, moist lower
atmospheric conditions and higher surface temperatures resulting in higher frequencies during the
summer months (NSSL, 2014). The increase in lightning activity during the summer months (Curran
et al. 2000) also coincides with an increase in outdoor and recreational activity, leading to an increased
threat. From 2006 to 2013, almost two thirds of the deaths in the United States attributed to lightning
occurred due to these summertime activities (Jensenius, 2014a). Lightning can also cause damage to
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structures, outdoor industrial and electrical equipment, livestock and outdoor animals, and can cause
fires (Curran et al., 2000; Stocks et al., 2002; Krausmann et al., 2011; Gomes, 2012).
Despite the danger to life and property, lightning-related casualties and economic damages
continue to occur every year. It is believed that this is due in part to the common yet temporally
dispersed nature of lightning strikes (Ashley and Gilson, 2009). Lightning-related casualties and
damages are underreported and receive less attention than other severe weather hazards (Curran et al.,
2000). Curran et al. (2000) also note that there may be unquantified losses as a result of underreporting,
which may mask the true reality of lightning-related hazards. Research which assesses lightning
casualty and damage reports often utilizes only one source, such as the National Climate Data Center’s
(NCDC’s) Storm Data. Storm Data reports a monthly list of damaging or notable weather phenomena
but often includes missing data elements due to its reliance on newspaper clippings (Curran et al.,
2000; Ashley and Gilson, 2009).
The underreported and less publicized nature of lightning hazards suggests that the public may
not accurately assess or perceive the level of threat associated with lightning, which may lead to a
state of complacency. This is further exacerbated by the lack of lightning-specific watch or warning
systems issued by the National Weather Service (NWS) and the lack of inclusion of lightning as a
severe weather parameter in severe weather watches and warnings (Ashley and Gilson, 2009). This
is due in part to the incomplete understanding of the nature of storm electrification, and highlights
a need for further research on this topic. Many lightning-related fatalities occur in non-severe pulsestyle thunderstorms that produce minimal or infrequent lightning (Ashley and Gilson, 2009). This
makes mitigation of lightning hazards more troublesome and worsens complacency amongst the
public, since these types of storms generally do not receive any severe weather watches or warnings.
However, there is no guarantee that a lightning watch or warning product would reduce property
destruction or fatalities since even tornado watch and warning products are also frequently ignored
or underestimated. Furthermore, lightning injuries are a function of high population density, outdoor
populations, and thunderstorm frequency. Small isolated storms with less lightning may produce more
property damage or injuries in a densely populated area than a large high lightning event in a rural area.
Storms with fewer lightning strikes may also result in fatalities since these storms are not perceived to
be as dangerous as frequent lightning and thunder producing storms. For these reasons, the emphasis
of this research is identifying which types of thunderstorms produce the most lightning, which only
provides perspective on hazard potential but does not effectively predict injuries or property damage.
This research considers previous methods for determining lightning hazards for certain storm
types, as well as methods for classifying thunderstorm types and lightning intensity. The goal of this
research is to analyze lightning characteristics of thunderstorms on high frequency lightning days and
investigate how these characteristics vary by storm type in Alabama. The primary research objective
is to analyze storm types according to their storm characteristics and lightning activity to determine
which types of storms produce the most lightning.
BACKGROUND
Geospatial Lightning Analysis and Previous Research
The National Lightning Detection Network (NLDN) has provided an accurate lightning database
available for spatial analysis for the contiguous United States since its upgrade to improve detection
accuracy and reduce locational error in 1995 (Cummins et al., 1998), and also further improvements in
more recent years (Biagi et al., 2007; Nag et al., 2011). Previous research has produced comprehensive
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lightning climatologies of the contiguous United States as well as smaller regions or states within the
nation using the NLDN (Zajac and Rutledge, 2001; Bentley and Stallins, 2005; Makela et al., 2011).
Multiple parameters used to detect and assess CG lightning intensity have been used in previous
research, including flash count, flash rate, and flash density. Another parameter often used either in
place of or in conjunction with these measures is that of lightning days, also known as thunderstorm
days or thunder days. A lightning day is defined as a day when at least one CG flash is detected by
the NLDN or other lightning detection network (Bentley and Stallins, 2005). The use of flash counts
as a sole quantifier can be highly uncertain and site-dependent due to the irregularity of lightning
flashes over time (Gaal et al., 2014). Therefore, lightning days is seen to be a more stable parameter
over time for lightning research, and is used in multiple lightning studies (Bentley and Stallins, 2005;
Kaltenboeck et al., 2009; Makela et al., 2011; Gaal, 2014).
There are sub-annual changes in CG lightning characteristics based on different synoptic
environments in the warm and cold seasons in the southeast U.S.A. A majority of the increased CG
lightning activity during the summer season, especially during the afternoon, is the result of weakly
forced convective development located at a distance from a frontal boundary or other organized
synoptic-scale forcing (Bentley and Stallins, 2005). However, it was found that large flash count days
which occurred during the summer season were often characterized by regional outflow boundaries
associated with MCS or other features that have the potential to produce intense convection and
high flash counts (Geerts, 1998). The cold season experiences limited convective instability, which
suppresses weakly forced thunderstorm development. This results in most of the cold season CG
lightning activity being associated with frontal boundary systems (Bentley and Stallins, 2005). It is
also found that mid-latitude storms that track through the southeast can produce episodes of organized
convection and squall lines, which can produce significant amounts of CG lightning (Geerts, 1998).
Since Alabama is located in a prime location for lightning activity and experiences high casualties
and damages (Curran et al. 2000), it is necessary to develop a specific understanding of lightning
characteristics across all storm types which occur in the state. During the years of 2004 to 2013, the
state of Alabama averaged a total of 767,654 CG flashes, the 7th highest flash rate per square mile
(14.8) in the United States for that time period (Vaisala Inc., 2014). From 2004 to 2013, 11 lightning
related fatalities occurred in the state of Alabama, ranking 9th in the nation (Holle, 2014). During
2013, lightning related damage was the second highest reported cause of property damage, totaling
an average of 34% of statewide damage reports (Alabama Department of Risk Management, 2014).
Previous research in other regions or states has analyzed lightning for Mesoscale Convective
System (MCS) events (Parker et al. 2001), severe versus non-severe storms (Carey and Rutledge 2003),
tornadic supercells (Knupp et al. 2003, Strader and Ashley 2014), and thunderstorm morphology and
associated flash rates (Schultz et al., 2011, Metzger et al., 2013). These results benefited forecasters
by identifying the likelihood of lightning according to different sets of meteorological ingredients in
different thunderstorm types; however, these studies used detailed case study approaches with small
sample sizes, or large samples with classification of lightning by severe or non-severe thunderstorms,
total versus cloud to ground lightning, or lightning increases by severe weather occurrence. No
previous research has attempted a classification of lightning producing storms with a comprehensive
focus including all potential thunderstorm types, although Bentley and Stallins (2005) performed
a spatial climatological assessment of lightning frequency across Georgia with discussion about
thunderstorm types.
Storm Classification Systems and Lightning
Methods for the classification of thunderstorm types using certain atmospheric parameters in
combination with severe weather storm reports have been previously formulated (Ashley and Gilson,
2009; Schoen and Ashley, 2011; Smith et al., 2012). Convective thunderstorm type has widely been
recognized as an important contributor to severe convective weather occurrence, but no universal
thunderstorm classification system exists. Furthermore, the challenges of classification are exacerbated
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by thunderstorm evolution and decay making it possible for storms to evolve from one mode to another
or to possess characteristics of multiple modes during transition (Smith et al., 2012). Therefore, studies
which seek to analyze and create a classification system for thunderstorm type often create one with
respect to the focus of their study and previous work.
The classification systems created by Schoen and Ashley (2011) and by Smith et al. (2012) were
developed based on convective events and storm reports. After data were collected, an organization
system was proposed and storm events were matched to categories which were outlined prior to
statistical analysis. These categories were defined based on previous research and known storm
type characteristics. In certain instances, modifications were made to the classification system to
accommodate special cases (Smith et al., 2012). Data used for this research included total CG lightning
strikes and NEXRAD radar data which occurred in the study area from years 2007 to 2011. The data
represents all thunderstorm types associated with high-lightning days rather than those just related to
severe storm reports. Trapp et al. (2005), Schoen and Ashley (2011), and Smith et al. (2012), were
consulted as classification criteria for determining the modes of thunderstorms found within each
lightning producing thunderstorm type in this research.
A classification system of storm type using total CG lightning data for an area which includes
Central Alabama has not been created, but previous research has used various methods to classify
thunderstorm types (Ashley and Gilson, 2009; Schoen and Ashley, 2011; Smith et al., 2012).
Furthermore, research in Georgia and Southeastern USA cities has used similar methods to examine
urban influences on lightning and precipitation enhancement, thunderstorm modification, and flash
patterns (Stallins et al., 2006, Rose et al., 2008, Ashley et al., 2012).
This research uses snapshots of storm types during the most active lightning producing times of
the storm throughout its duration. Storms fluctuate in lightning activity over their duration (Parker et
al. 2001), and also storm type can evolve from one type into another making classification difficult.
Furthermore, the selection of lightning days in all seasons ensures that all possible storm types can be
represented, but it diminishes any discussion of the relative probability of each storm type occurring.
The uniqueness of each storm type can be estimated from the number of storms in each type described
in the results. Despite these limitations, the use of snapshots of storms from all possible storm types
using these methods serves our primary goal of objectively classifying storms by their lightning
characteristics to better understand what storm types produce the most lightning.
DATA AND METHODS
Data Sources and Selection
All cloud-to-ground lightning strikes which occurred within the study area from 2007 to 2011 were
obtained from the NLDN. The NLDN, operated by Vaisala, Inc., consists of over 100 remote and
ground-based stations within the continental United States that instantly and constantly detect the
electromagnetic signals given off when lightning occurs. Information of cloud-to-ground lightning
strikes within this database includes the date and time (UTC with milliseconds accuracy) of occurrence
of each strike, the latitude and longitude location, peak amplitude (kA), and polarity (+/-). Cloudto-ground lightning data was received in ASCII format, and was converted to table format for point
data analysis in ArcGIS. The NLDN has a thunderstorm detection efficiency rate in excess of 99%,
and a flash detection efficiency rate greater than 95%. Before the 1995 and recent NLDN upgrades,
the median location errors of ground flashes were approximately 24 km with a detection efficiency
of 70–80%. The upgrade improved these parameters to a median detection error of about 500 m with
a 90% detection efficiency for flashes with peak currents greater than 5 kA (Cummins et al., 1998).
However, research suggests that the increased sensitivity leads to misdetection of cloud discharges
less than 15 kA in magnitude as positive lightning strokes (Biagi et al. 2007). For this reason, positive
strokes with a magnitude of less than 15 kA were excluded from this study.
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This study uses CG lightning strikes and NEXRAD Doppler radar base reflectivity. Only a single
radar site, KBMX in Birmingham, AL located at 33.17194 latitude and -86.76972 longitude, was used
in this research (Figure 1). The spatial coverage of this radar site is the study area of Central Alabama.
There were a total of 831 days with lightning within the 2007–2011 study period, of which 593
had greater than 100 lightning strikes per day. Among all lightning days with greater than 100 strikes,
the upper quartile had a lightning density of 19.39 strikes/km2 and was selected for analysis. The
upper quartile contained 148 days, of which approximately 2/3rd occurred during summer months
of June, July, and August. In order to account for the over-representation of summer lightning days
in the upper quartile, 50 days were randomly selected from the summer months and 50 days were
randomly selected from the non-summer months, within the upper quartile. These 100 days, which
Figure 1. KBMX in Birmingham, AL located at 33.17194 latitude and -86.76972 longitude
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were called high-lightning days, are displayed in Table 1. This distribution balanced the heavy influence
of summer storms, and gave a better representation of all possible storm types.
Raw base reflectivity radar imagery associated with the selected storm types on the 100 highlightning days was obtained from the NCDC NEXRAD Inventory and Archive. Level-II Base data
was used from the KBMX Birmingham, AL radar site, due to the lack of consistent availability of
Level-III radar data across all high-lightning days. Previous studies have also used Level-II data
when level-III radar data was limited or not available (Schoen and Ashley, 2011). Radar imagery was
obtained using NOAA’s HDSS Access System (HAS), and georeferenced using the NOAA Weather
and Climate Toolkit (WCT) (Ansari and Del Greco, 2005; NCDC, 2014). Radar shapefiles were
created for each radar image and selected at base level elevation and a reflectivity value of greater
than 20 dBZ, which denotes the level of a continuous region of precipitation (Geerts, 1998).
Radar imagery was collected for each of the 100 high-lightning days at times corresponding
to the highest lightning flash rates in the NLDN database. Since the high-lightning days spanned
a 24 hour period, various storm types formed throughout each day due to atmospheric and diurnal
influences. After the first radar image was selected at the time of highest flash rate, that storm was
analyzed to see if it changed in shape and orientation. Hence, a new radar image was selected for
each time there was a change in storm structure, resulting in some high-lightning days with multiple
radar images. In total, 275 radar images representing lightning events on the 100 high-lightning days
were selected for analysis.
GIS Analysis
Various GIS techniques were performed using ESRI ArcGIS 10.2 software to obtain radar and
lightning measurements for statistical analysis. Each radar shapefile was added to ArcMap as a layer
and projected to the NAD 1983 UTM Zone 16N projected coordinate system for locational accuracy.
Table 1. List of all high-lightning days which occurred during the summer months (June, July, August) and non-summer
months in the study area, 2007-2011, including the total count of lightning strikes
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A projected coordinate system was necessary for using the area measurement tool. Symbology was
displayed using a graduated color scale associated with radar reflectivity. Lightning point data were
added to ArcMap as a table, and XY data were displayed to the projection using coordinate variables.
Data obtained included longitudinal and latitudinal storm length; total area above 20 dBZ; total
area above 40 dBZ, and total lightning strikes per 10 minutes, 5 minutes surrounding the radar image
timestamp. Total area above 20 and 40 dBZ were combined to determine the percentage greater than
40 dBZ. The threshold of 40 dBZ was chosen to represent intense convective activity. This threshold
was given in the definition of an MCS as a level at which a storm is known to achieve convective
activity (Geerts, 1998). A 10 minute time resolution for lightning has been shown to be the most
useful variable to identify intense summer storm events of a mostly convective nature from a sample
of all thunderstorm events within a dataset (Gaal et al., 2014). Longitudinal and latitudinal storm
lengths were combined (Lo/La) to create an aspect ratio for each storm type. These measurements
were taken in each direction across the core of the highest dBZ area with the greatest number of
lightning strikes. For most images this was very straightforward. Occasionally there were two separate
but equal centers of higher reflectivity and lightning activity. In these few cases, the mean of both
centers was used. Radar measurements were obtained using the Length and Area Measure tool, and
lightning measurements were obtained using the Select by Attributes tool.
Statistical Analysis
Statistical analysis included Principal Component Analysis (PCA) and Cluster Analysis with the
variables storm aspect ratio, storm total area above 20 dBZ, storm total area above 40 dBZ, percent
area above 40 dBZ, and lightning flash rate in SPSS. The use of PCA followed by Cluster Analysis
is common practice in climatology. Prior to statistical analysis, area and lightning variables were
normalized into Z scores due to extreme values and ranges in area and lightning categories creating
unequal units of measurement. The utilization of Z scores ensured that each variable would carry
more equitable weighting. PCA was used with the transformed area and lightning Z score variables
and untransformed aspect ratio and percent maximum convective area in order to identify and remove
collinearity and reduce these into discrete uncorrelated groups. Non-rotated PCA was performed, and
two components were extracted with eigenvalues greater than 1. These two components, or factors,
explained 68.3% of the variance amongst the original variables and were used in the Cluster Analysis
procedures. Component 1 was characterized by strong loadings on the area variables. Component 2
was represented by lightning flash rate, percent area above 40 dBZ, and aspect ratio to a lesser extent.
Due to the size and nature of the dataset, two cluster analysis procedures were used. Hierarchical
Cluster Analysis (HCA) with between groups linkage was first used as a guideline to determine the
ideal number of clusters or categories. HCA is a method of grouping variables together that are near
one another in terms of Euclidian distance. This form of analysis is calculated using repeated measures
of distance between all variables, which are grouped into dendritic clusters with decreasing variability
between the numbers of clusters (Norušis, 2009). For this dataset, the 2 extracted components from
the non-rotated PCA were used to identify the true number of clusters to retain. The largest decrease
of within group variability fell between 4 and 5 clusters, suggesting that either solution would be
sufficient.
K-Means Cluster Analysis (KCA) was then used to determine the final cluster categories based
on the input of HCA. KCA requires that the number of clusters be predetermined. KCA repeatedly
reassigns cases to clusters for which its distance to the cluster mean is the smallest until the change
in cluster means experience insignificant changes between iterations (Norušis, 2009). Once this
threshold has been met, the final clusters are formed by assigning cases to permanent clusters. The
KCA cycled through a total of 9 iterations before convergence to cluster groups was achieved due to
no change in cluster centers. KCA assigned each of the 275 lightning events to a total of 5 clusters
(types). These 5 objectively classified storm clusters were then compared to their radar imagery and
lightning statistics to subjectively label and name the lightning producing storm types. The cluster
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groups were comprised of 2 large clusters of 100 and 120, one medium-sized group of 42, one small
cluster of 12, and one cluster of a single event. KCA was performed again using 4 clusters to test
the uniqueness of the single event cluster, but it did not converge with the other clusters. The single
event cluster is discussed but it cannot be considered a lightning producing storm type such as the
others; therefore, there are 4 storm types.
RESULTS AND DISCUSSION
Lightning Characteristics
Lightning frequency was assessed seasonally for the 100 high-lightning days, which have an equal
distribution between summer and other seasons; however, 39% of the non-summer strikes occurred
in spring with 7% in winter and 4% in fall. The number of lightning strikes in the 10 minute period
surrounding each radar image (+/- 5) for the lightning events ranged from 1 to 1,438 per event, with
an average of 144 strikes per event and a standard deviation of 180.
Discussion of Storm Types
After the K-Means Cluster analysis was complete and each lightning event was categorized into
4storm types, the radar imagery for each event was compared within each cluster group to determine
the nature of the grouped events (Table 2). Tests were also performed on which storm types produce
more morbidity and property damage, but the results were not significant. A discussion of each storm
type follows.
Type 1, Spring Linear
The first type was comprised of 42 events which are best described as spring linear events. These
events included squall lines and frontal boundaries (21), quasi-linear convective systems (QLCS)
with a large area above 40 dBZ (Trapp et al. 2005) and embedded supercells (5), linear MCS (12),
and hybrid events (4). Nearly all events in this type (36 of 42) were during the spring and transitional
season months of February – May. The average aspect ratio of 0.43, the lowest of all types, suggested
that these events were often elongated storms with a longer latitudinal than longitudinal axis. The
events in this type had a higher lightning flash rate than all but type 5, averaging 237 strikes per 10
minutes. The average percent of convective area above 40 dBZ was moderate (26%) but ranged between
10–53%. This larger range compared to other types and lower average above 40 dBZ can be attributed
to many events accompanied by less convective rainshields. Most of the lightning strikes associated
with these events occurred along the leading linear convective boundary of the storms (Figure 2). It
has been shown in previous research that cool season and transitional season events, such as frontal
Table 2. Descriptive statistics for each cluster group
Aspect
Ratio
Mean

Aspect
Ratio
Range

% >40
dBZ
Mean

>40 dBZ
Range

L/10min
Mean

L/10min
Range

Type

Count

Description

1

42

0.43

0.12 - 0.99

26%

10% 53%

237

22 - 769

Spring Linear

2

100

1.5

0.1 - 7.1

31%

18% 49%

119

7 - 410

Summer
Airmass

3

120

1.7

0.1 - 9.4

22%

1% - 47%

71

1 - 281

Spring Weak

4

12

0.56

0.2 - 0.9

35%

23% 46%

679

406 - 1438

Summer MCS
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Figure 2. Leading linear convective boundary of the storms

boundaries and squall lines, are often the result of strong synoptically forced mid-latitude systems.
These events can create high CG lightning flash counts and flash rates, especially along the leading
edge of propagation (Bentley and Stallins, 2005; Geerts, 1998).
Type 2, Summer Airmass
Type 2 was comprised of 100 events. A total of 98% occurred during the summer season with
most during the daytime or evening hours, from late May through August, with a few exceptions
(Figure 3). It was determined that this type represented mainly summer airmass events with the
most common element being isolated cells (42), multi cell clusters (33), small MCS larger than
multicell clusters (21), an April 27th, 2011 supercell, and 3 small linear features. The aspect ratio of
1.5 reveals that these storms had the second highest longitudinal expanse compared to other types,
but the percentage above 40 dBZ was similar to other groups. These storms were generally strong
in intensity, experiencing between 18% and 49% greater than 40 dBZ reflectivity, with an average
of 31% above 40dBZ reflectivity. Most of these events had smaller 20 and 40 dBZ areas than other
types. These events had a moderate amount of lightning strikes, ranging from 7 to 410 strikes per
10 minutes, and an average of 119 strikes per 10 minutes. It has been shown that events such as the
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Figure 3. 98% of events occurred during the summer season with most during the daytime or evening hours, from late May
through August, with a few exceptions

majority of this type are the result of weakly forced thunderstorm activity, which commonly occur
away from organized synoptic frontal boundaries (Bentley and Stallins, 2005).
Type 3, Spring Weak
Storm type 3 was comprised of 120 events which were distributed throughout the year with a significant
peak of 45 of the 120 events (38%) occurring during the month of May (Figure 4), and 37% in March,
April, and June combined. This group is characterized by multiple storm modes consisting of isolated
single cells, multi cell clusters, and non-linear forms of MCS (96), squall lines, broken lines, or
linear MCS features (24) (Figure 4). They are most likely grouped together in this type according
to low lightning intensity and dBZ values. These events averaged a greater than 40 dBZ reflectivity
value of only 22%, the lowest of all types. The lightning per 10 minute period was also the lowest,
averaging 71 strikes with a distribution of 1 to 281 strikes per 10 minutes. The aspect ratio of 1.7
was the highest of all types due to several east to west oriented linear features traveling north to south
across the study area, which inflated this result. The decreased amount of CG lightning flash activity
was likely the result of the inability of some storms in this category to achieve a reflectivity value of
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Figure 4. Multiple storm modes consisting of isolated single cells, multi cell clusters, and non-linear forms of MCS (96), squall
lines, broken lines, or linear MCS features (24)

40 dBZ or greater, which signifies convective development (Geerts, 1998). The increase during the
month of May is attributed to the early summer transitional season, when convective storms begin
to become more common but lack the higher Convective Available Potential Energy (CAPE) values
typical of summer storms that commonly have frequent lightning.
Type 4, Summer MCS
Due to the seasonality, size, shape, intensity, and lightning flash rate, these events were designated as
summer MCS. Type 4 was comprised of 12 events, which occurred only during the summer months
(Figure 5). These events were characterized by larger areas above 20 and 40 dBZ than types 2 and
3, and had the highest average and range of percent greater than 40 dBZ reflectivity, 35% and 23%
to 46% respectively. The lightning strikes were also greatest, with an average of 679 strikes per 10
minutes and range of 406 to 1438 strikes per 10 minutes. The average aspect ratio of 0.56 was the
second lowest resulting in a more linear structure than types 2 and 3, but not as elongated as type 1.
A comparison with the 12 MCS events from type 1 reveals similar aspect ratios, but more intense
lightning averages (679 to 312) and a higher percentage greater than 40 dBZ (35 to 21%) for type
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Figure 5. Type 4 was comprised of 12 events, which occurred only during the summer months

5. The type 1 MCS storms have a much larger area above 20 dBZ and more extensive rainshields. It
has been shown in previous research that MCS style events which occur during the summer tend to
be smaller in size and shorter-lived compared to MCS events in other seasons, but can produce large
CG lightning flash counts and intense convection levels (Geerts, 1998).
Mother’s Day Severe Weather Outbreak
A single event was so unique that it did not merge with other storm types in the clustering procedure
(Figure 6). This event is best summarized by The National Weather Service in Birmingham, AL
(http://www.srh.noaa.gov/bmx/?n=event_05112008). It occurred overnight on May 10th and 11th,
2008 with the image taken at 06:48:54 UTC on the 11th. The outbreak produced 7 tornadoes and
numerous high wind reports in Alabama. It was characterized by a high percent reflectivity greater
than 40 dBZ (34%) and high lightning flash rate per 10 minute interval (1,022). The instability was
more typical of summer severe weather events, and the evening (05/11/2008 0Z) surface based CAPE
from the Birmingham sounding was 2815 j/kg. There were 60 knots of 0–6 km shear, which is high
for early/mid May, but the 0–3 km Storm Relative Helicity was low at only 147m2/s2.
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Figure 6. Mother’s Day severe weather outbreak

CONCLUSION
The purpose of this research was to analyze the relationship between lightning characteristics and
storm types on high-lightning days in Central Alabama. The primary research goal was to discover
what storm characteristics are associated with higher lightning counts in events which occur on highlightning days in Central Alabama. Relationships between severe weather events and thunderstorm
characteristics have been studied in previous research, but none have analyzed the relationship between
CG lightning activity and all forms of storm types which occur in Central Alabama. PCA and Cluster
analysis were used to explore and objectively classify storm types due to the challenges associated
with subjective storm type classification.
The analysis performed in this research produced a total of four categories of storm type for highlightning days. These storm types exhibit differences in lightning and storm characteristics associated
with changes in storm morphology and seasonality. Descriptions of the five storm types are as follows:
Type 1: Linear events that occurred mainly in transitional seasons. These events had high CG lightning
flash rates, averaging 237 strikes per 10 minutes with a standard deviation of 167, and moderate
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to high maximum convective area, averaging 26% with a standard deviation of 10%. This event
type was moderately common, including 42 of the 275 lightning events.
Type 2: Warm season airmass events that occurred over smaller total areas. These events had high a
mean convective area above 40 dBZ averaging 31% with a standard deviation of 8%, and moderate
lightning flash rates, averaging 119 strikes per 10 minutes with a standard deviation of 93. This
type was the second most common event type, comprising 100 of the 275 lightning events. This
type is responsible for the majority of morbidity and property destruction for summer events
since it is so frequent.
Type 3: Spring weak events with a peak in May and also a distribution throughout the year. These
events had a low convective area above 40 dBZ, averaging 22% with a standard deviation of 11%,
and low lightning flash rates, averaging 71 strikes per 10 minutes with a standard deviation of
73. This was the most common type, consisting of 120 of the 275 lightning events. This type
is responsible for the majority of morbidity and property destruction for non-summer events
primarily because it is so common.
Type 4: MCS events that occurred entirely during the summer. These events had large total areas and
the highest level of convective area above 40 dBZ, averaging 35% with a standard deviation of
9%. Lightning flash rates averaged 679 strikes per 10 minutes with a standard deviation of 296.
This type was uncommon with only 12 of the 275 lightning events.
These results are beneficial to weather forecasters and emergency managers in the southeastern
USA and perhaps in other regions. Findings contribute to the understanding of the relationship between
lightning characteristics and storm types, which may improve forecasts in the future by identifying
historical analogs of conditions associated with frequent lightning. NWS forecasters know the
precursors and indicators of summer MCS, spring squall lines, or summer air mass thunderstorms,
and this research could assist the prediction of those types of events that are likely to contain intense
lightning flash rates. This information could then be communicated to emergency managers in advance
of an expected lightning event and tailored for specific purposes.
The results show detailed storm characteristics, including intensity, and lightning flash rate, for
multiple thunderstorm types which occurred on high-lightning days. Additional information regarding
seasonality and frequency of occurrence reveals that common thunderstorm types produce the most
lightning-related damage. This is most likely because of sample size, but it also could suggest that
people respect the more uncommon MCS events such as type 4 and the anomalous event. Time of day
may also be a potential factor since type 2 summer air mass storms are primarily afternoon/evening,
while type 15 storms are often nocturnal or after peak daytime hours. Future research will include
social science perspectives on lightning perception to determine awareness and understanding of
lightning hazards for different thunderstorm types in different seasons.
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