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1. Introduction 

Central Florida has been found to have the greatest cloud-to-ground (CG) 

lightning flash density in the U.S. (Rudlosky and Fuelberg 2011). Orlando is home to 

many residents and businesses, and conversely, animals and ecosystems (Yow and 

Carbone 2006). Locating lightning density maxima within and around the city could be of 

interest to the Orlando residents, tourists, theme parks, sporting centers, and owners of 

tall infrastructure that are susceptible to lightning damage.  Census data from 2018 

estimated that the city of Orlando had a population of approximately 285,000 people, and 

that the population of the “Greater” Orlando area (Orange, Seminole, Osceola, and Lake 

counties) surpassed 2.5 million residents. The city also includes well-known attractions, 

like Walt Disney World and the Camping World Stadium, which attract many tourists 

each year. 

Lightning density studies are of great interest to various groups in metropolitan 

areas like Orlando. Lightning flash density is the number of flashes per unit area (flashes 

km-2) over a specified period. Previous studies have thoroughly documented the lightning 

flash density in several urban areas – a prime example is Houston (Orville et al. 2001). 

Numerous papers also have analyzed the lightning distributions of Florida, although 

calculated with larger grid sizes (e.g., Rudlosky and Fuelberg 2011; Mazzetti and 

Fuelberg 2017). Studies that document lightning flash density are of interest to those who 

have vulnerable infrastructure, those who work in wildfire and emergency management 

agencies, and those who study climate change (Vogt and Hodanish 2016). Tall 

infrastructure acts as lightning rods to trigger lightning, and the Orlando area contains 

many tall buildings that are subject to damage from lightning. The SunTrust Center at 



 

134.4 m ( 441 ft), the Bank of America center at 123.1 m ( 404 ft), and Disney’s 

Cinderella’s Castle at 57.6 m ( 189 ft) are a few notable structures. 

Orlando serves as a hotspot for mesoscale meteorological phenomena during the 

summer months. This hotspot is created by several factors including the urban heat island 

effect and the sea-breeze. Orlando exerts a strong nocturnal urban heat island effect; on a 

night with calm winds and clear skies, the magnitude of the temperature difference 

between the city and suburbs can exceed 8°C (Yow and Carbone 2006). Thunderstorms 

in the area can create large temperature differentials between the metropolitan area and 

its surrounding rural area (Yow and Carbone 2006). Urbanization affects the climatology 

of cities, including lightning occurrence. Westcott (1995) found a 40-85% enhancement 

of CG lightning strikes downwind and over many of the cities in their study. Similarly, 

Houston exhibited a 45% flash density enhancement compared to nearby outlying areas 

(Steiger et al. 2002). The urban heat island effect from metropolitan areas can cause 

enhanced convergence due to surface sensible and latent heat fluxes (Orville et al. 2001). 

Local wind convergence and cloud electrification by air pollution may enhance 

mechanisms for cloud-to-ground (CG) flashes (Stallins and Rose 2008; Jayaratne et al. 

1983). In the study by Stallins and Bentley (2006), lightning flash occurrence increased 

as land became increasingly urbanized over time.  

Although a majority of CG lightning transfers negative charge to the surface, the 

percentage of positive CG flashes was found to be less over Atlanta than its surroundings 

(Stallins and Bentley 2006). In the Houston study, warm-season positive CG flash density 

also decreased over and near the city (Steiger et al. 2002). However, when comparing 



 

flash characteristics between cities, one should be aware that changes in flash production 

vary across different geographical regions (Orville and Huffines 2001). 

Orlando is located near many relative lightning maxima in the area that together 

make Florida the “lightning capital of the U.S.” (Lericos et al. 2001; Rudlosky and 

Fuelberg 2011). The dominant forcing mechanisms for Central Florida’s warm-season 

thunderstorms are surface heating and the West and East coast sea-breezes (Yow and 

Carbone 2006). Another factor known to increase lightning flash density is the shape of 

the coastline. Convex-shaped coastlines like Cape Canaveral on the east coast of Central 

Florida are known to produce relative flash maxima (Lericos et al. 2001).  

The objective of this research is to create a lightning climatology of Central 

Florida at a sufficiently fine resolution to link the lightning patterns with metropolitan 

features. The study will identify areas within and outside of Orlando that have the 

greatest and smallest lightning densities. It will also document lightning characteristics 

such as polarity and time-of-day trends. The results will hopefully be of interest to 

companies across the Greater Orlando area that wish to better protect their infrastructure 

from lightning damage. Another goal is to provide insight to residents and tourists about 

areas especially susceptible to lightning flashes. This information may improve public 

safety given that fatalities caused by lightning are the third-leading cause of weather-

related deaths in the nation (National Weather Service 2012). 

 

 

 

 



 

2. Data and Methodology 

a. Lightning Flash Data 

CG flash data used in this research was provided by the National Lightning 

Detection Network (Orville 2008), which is owned by Vaisala Inc. The data was acquired 

through the U.S. Air Force 45th Weather Squadron. The study period was May through 

September for the years 1997 to 2019 (23 years). As of 2013, the NLDN employs 

approximately 110 sensors spaced approximately evenly across the U.S. (Nag et al. 

2014). Numerous improvements to NLDN sensors and software took place throughout 

the study years that have improved flash detection rates. Upgrades of note occurred in 

1995, 2002, and 2013. The upgrade in sensors in 1995 improved detection efficiency 

from 65-80% to 80-90% inside the continental U.S. (Cummins et al. 1998). In 2002, CG 

flash detection efficiency increased to 90-95% (Cummins et al. 2006), and in 2013 the 

new upgrade increased flash detection efficiency to 95% throughout the entire contiguous 

U.S. (Nag et al. 2014).  

The CG flashes were separated into six files: daytime flashes (flashes that occur 

from 1100 UTC to 0159 UTC), nighttime flashes (flashes that occur between 0200 UTC 

to 1059 UTC), positive polarity flashes, negative polarity flashes, flashes that occurred 

only during May and June, and flashes that occurred only from July through September. 

Daytime flashes were defined to occur between 1100-0159 UTC to cover all daylight 

hours in Florida. Likewise, nighttime flashes were chosen to occur between 0200-1059 

UTC to allow lingering daytime storms to dissipate. These six files will be used to 

document important aspects of lightning characteristics across Central Florida that can be 

compared easily with one another. 



 

 

FIG. 1: Orlando city limits and the approximate location of Walt Disney World. The northwest segment 

of the city limits is denoted “Downtown Orlando” while the southeast portion is denoted “MCO”.  
 

b. The Use of GIS 

ERSI’s ArcMap was used to create flash density maps. Flash locations were 

added as x,y data into ArcMap, then spatially projected into a UTM 17N coordinate 

system (Universal Transverse Mercator projection, Zone 17 in the Northern Hemisphere 

– which covers the area from 78°W-84°W) for easier raster creation. Raster files were 

made from the projected flash locations. Flashes were counted within 1 km × 1 km cells 

to create flashes per km-2. The small grid size was chosen to emphasize small areas with 

flash enhancement.  

Each raster file then was divided by 23 years – the temporal extent of the study – 

so that flash density values are expressed per year (flashes km-2 yr-1). Only flashes within 



 

the longitude values 80.5°W-82.25°W and latitude values 27.5°N-29°N were used in 

raster creation to encapsulate Central Florida and exclude Tampa. This area includes 

what is considered the “Greater” Orlando area. Three individual boxes with dimensions 

of 38.3 km × 44.4 km were utilized to quantify flash characteristics within specific sub-

regions: one encompassing the city of Orlando, one in rural Osceola county, and one 

around the suburban area of Leesburg. These boxes assisted with comparing urban 

lightning trends with those of less urban areas. 

A shapefile of Orlando was used in the maps to show the location of the city 

limits (Fig. 1). The northwestern protrusion of the city contains the buildings and towers 

– this area will be denoted Downtown Orlando. The southeastern portion contains the 

Orlando International Airport (MCO), which will be denoted MCO for the rest of this 

paper. 

  



 

3. Discussion and Results 

a. Daytime and Nighttime Flash Distributions 

The diurnal nature of lightning in Central Florida is evident in Fig. 2. Daytime 

events comprise most of the flashes during a 24-h period whereas nighttime flashes 

comprise only 2.77% of the total (Table 1). This means that daytime patterns are more 

reliable than nighttime patterns when individual storms have a greater influence.  There is 

no distinguishable pattern in the nighttime flash densities. Of course, with flash density 

maxima values as small as 4 flashes km-2 yr-1, it would not be appropriate to infer any 

spatial tendency of nighttime flashes. The maximum daytime flash density for Central 

Florida is approximately 11 times greater than the maximum value found for nighttime 

flashes.  

 

TABLE 1: Numbers and percentages of CG flashes for central Florida from 1997 – 2019. The percent 

of flashes describes the category’s portion of total flashes. The percentage of “Total CG” is 100% to 

denote that it contains all the flashes considered in this study. Each pair of sub-categories also sums to 

100%. 

 

Category    Number of Flashes        % of Total Flashes 

Total CG 13,613,861 100 

Daytime CG (1100-0159 UTC) 13,236,348 97.2 

Nighttime CG (0200-1059 UTC) 377,513                                         2.8 

May-June CG 4,909,224 36.1 

July-September CG 8,704,637 63.9 

Negative CG 8,020,501 58.9 

Positive CG 5,593,360 41.1 

  



 

a) 

 

 

 

 

 

 

b) 

 

FIG. 2: Lightning flash density maps (flashes km-2 yr-1) split into daytime and nighttime flashes for the 

warm seasons from 1997 – 2019: (a) daytime flashes occurring from 1100–0159 UTC, (b) nighttime 

flashes occurring from 0200–1059 UTC.  The dark circle in a) indicates the location of the flash density 

maximum. The three sub-regions in (a) have a common, but different color scale than the overall area (the 

larger image). 

 



 

A cell tower with a height of 489.5 m (1606 ft) in Christmas, Florida (the dark 

circle in Fig. 2a) exhibits the greatest day time flash density of 47 flashes km-2 yr-1. Much 

of this lightning is triggered by the tower itself, and the maximum may have occurred 

elsewhere or not at all without the presence of the tower.  Looking at the three sub-

regions on the left side of Fig. 2a, the Orlando area has the greatest flash densities. This 

confirms apparent CG enhancement mechanisms found in and around various other cities 

(Orville et al. 2001; Westcott 1995; Stallins and Rose 2008). The most well-defined area 

of maximum daytime flash density (Fig. 2a) is east of Highway I-4 near the city. It is 

interesting that this maximum does not occur within the city limits; rather, it appears over 

the suburban area northeast of Downtown Orlando and east of Walt Disney World. This 

is especially noticeable in the enhanced values in the sub-region containing Orlando. 

Specifically, the greatest flash densities occur in northern Union Park and directly south 

of Downtown Orlando. Therefore, daytime summer lightning flashes strike less often 

downtown, and more frequently in suburban areas and areas close to the theme parks.  

There are several possible explanations for the location of the flash density 

maximum northeast of Downtown Orlando (Fig. 2a). One possible explanation is 

convergence due to the urban heat island effect of Orlando and Highway I-4. This area of 

convergence and initial cell development could be advected by the synoptic flow to the 

east of Downtown Orlando. Cells could then mature and produce lightning outside of the 

city limits to produce the CG flash density maxima. Multiple studies have revealed 

increased precipitation and CG maxima downwind of various cities, suggesting that the 

synoptic flow is a major factor in the location of urban-related precipitation and flash 



 

trends (Shepherd et al. 2002; Westcott 1995; Stallins and Bentley 2006; Orville et al. 

2001).  

Another hypothesis for the location of the daytime maximum flash density may be 

enhanced convergence due to the East Coast sea-breeze from Cape Canaveral’s convex 

coastline. In fact, warm-season storm activity created by sea-breeze convergence has 

been noted on both of Florida’s coasts by López and Holle (1986). Another study noted a 

well-defined sea-breeze front near the coastline between Cape Canaveral and West Palm 

Beach which led to large lightning densities (Lericos et al. 2002). Although the maximum 

northeast of Orlando does not extend to the East Coast, sea-breeze circulations can extend 

far inland if reinforcing synoptic flow is occurring.  

The enhanced CG area northeast of Downtown Orlando also may be due to the 

combined effects of sea-breeze convergence and the urban heat island effect. The 

Houston study by Orville et al. (2001) showed that interactions between thermally-

induced circulations of the urban heat island and the sea-breeze could be the reason for 

CG enhancement near Houston. Their approach was to numerically simulate conditions 

over metropolitan Houston and the Galveston Bay regions. The simulation revealed 

convective development over Houston, while a corresponding simulation without the 

presence of Houston never exhibited convection. More information about this possibility 

for the Orlando area is given in the next section. 

The Osceola and Leesburg sub-regions experience less intense daytime flash 

densities than Orlando (Fig. 2a). The Orlando area has a daytime CG density maximum 

value of 38 flashes km-2 yr-1 while Leesburg exhibits 25 flashes km-2 yr-1 and Osceola has 

26 flashes km-2 yr-1. The Osceola and Leesburg areas are far less urban than Orlando. 



 

Thus, it is sufficient to say that the urban heat island effect is one factor in the 

enhancement of CG lightning occurring around Orlando.  

 

b. May – June and July – September Flash Distributions 

If urban-induced convergence over Orlando were to be advected northeast and 

then collide with sea-breeze related convergence, it could help explain the flash density 

maximum northeast of Orlando (Fig. 2a).  For that to be a viable hypothesis, the present 

study area would have to contain dominant synoptic-scale southwesterly flow during the 

study period. I was not able to determine the most common wind direction during my 

2,936 days containing lightning.  However, Lericos et al. (2002) showed that Florida 

flash patterns vary with the synoptic-scale flow, depending on the location of the 

subtropical ridge axis. They found that southwesterly synoptic flow over the peninsula 

was the most common direction, comprising 24% of their study days. This southwesterly 

flow regime occurred more often during May and June than in July, August, and 

September.  

In the present study, prevailing southwesterly flow from 1997 – 2019 could aid in 

explaining the flash density maximum northeast of downtown Orlando. Fig. 3a shows the 

May and June flash densities separated from (Fig. 3b) the July, August, and September 

densities. Table 1 indicates that the May and June flashes comprise more than a third of 

the total flashes during the study years at 36.1%.  

 

 

 



 

a) b) 

 

FIG. 3: Maps of lightning flash density (flashes km-2 yr-1) split into month categories from 1997–2019: 

(a) flashes that occurred during all 24-hours from May–June, (b) flashes that occurred all 24-hours during 

July–September. These maps have different flash density scales. 

 

Fig. 3b shows that the maximum flash density from July – September is northeast 

of Downtown Orlando. However, Fig. 3a during May and June, when Lericos et al. 

(2002) found that southwesterly flow was most common, does not exhibit this 

enhancement as clearly as Fig. 3b. Instead, along with the area of enhancement to the 

northeast, Fig. 3a shows the best defined area to be south of downtown. Nonetheless, the 

density values toward the northeast during May and June are large and therefore reinforce 

those in that location during July - September. Therefore, Fig. 3a is not a conclusive 

indicator of dominant southwesterly synoptic flow that was noted in wind observations 

by Lericos et al. (2002). Thus, it is not conclusive proof of any one hypothesis over 

another. It is clear that both maps in Fig. 3 show flash enhancement stretching from 

southwest to northeast across Orlando. This enhancement pattern is not localized to a set 

of months, but rather is prominent throughout the summer. More information on 

Orlando Orlando

May-June Flashes

flashes kmˉ² yrˉ¹
Max: 21

Min: 0

July-September Flashes

flashes kmˉ² yrˉ¹
Max: 32

Min: 0

0 20 4010 Kilometers 0 20 4010 Kilometers



 

prevailing wind direction and speeds is needed to confirm that the northeastward motion 

of urban-induced convergence, together with sea breeze-induced convergence is the 

primary cause of the overall summertime maximum northeast of the city. 

A finding of note during the July – September period is the enhancement of 

flashes in the MCO region (Fig. 3b). This enhancement is not evident in Fig. 3a. There is 

one relatively tall structure in the MCO area: the Orlando International Airport Air 

Traffic Control Tower with a height of 105.2 m ( 345 ft). However, it is unclear whether 

it is an important factor in the enhancement of this area during these months. Regardless 

of the reason, the area experiences large flash CG density values between July and 

September that should be noted by airport and air traffic control personnel. 

 

c. Negative and Positive Polarity Flash Distributions 

Positive and negative CG flashes were indexed during all 24 hours from May – 

September. Flashes with negative polarity occur more often in the Orlando area than 

those with positive polarity, with negative flashes accounting for 58.9% of the total 

flashes (Table 1). Positive CG flashes occur slightly less (41.1%), which is antithetical to 

what was expected. The percentage of positive CG flashes was expected to be much less 

than negative CG flashes. For example, the Houston study found that positive CG flashes 

only accounted for 5% of their total flashes (Steiger et al. 2002). Nonetheless, the 

maximum negative flash density for the Orlando area (36 flashes km-2 yr-1) is more than 

twice the value of the maximum positive flash density (17 flashes km-2 yr-1) (Fig. 4). The 

greater percentage of negative flashes near Orlando is consistent with results of previous 

studies over much larger areas (Steiger et al. 2002; Pinto et al. 2004). 



 

 a) 

 

b) 

 

FIG. 4: Lightning flash density maps (flashes km-2 yr-1), split by polarity from 1997–2019: (a) negative 

polarity flashes, (b) positive polarity flashes. The sub-regions to the left indicate the polarity percentages 

of the total within the region. The dark circles in both maps indicate the locations of the flash density 

maximum. The three sub-regions in (a) and (b) have a common, but different color scale than their 

corresponding overall areas (the larger images). 
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The negative CG flash density maps (Fig. 4a) should be compared to the daytime 

total flash density map (Fig. 2a). The greatest negative flash density occurs northeast and 

south of Downtown Orlando. Thus, the spatial trends of the total daytime and negative 

CG density maps are nearly identical. The pattern of positive CG flash density (Fig. 4b) 

is quite different. The positive CG flash densities appear less organized, and there is a 

noticeable lack of large density values where the northeastern maximum occurs (Figs. 2a 

and 4a). The percentage of positive flashes also decreases downwind of Orlando. A 14 – 

16% decrease in percent positive flashes between the city of Orlando and Union Park is 

seen in the Orlando percent positive sub-region in Fig. 4b. A study of Belo Horizonte, 

Brazil noted a 25% decrease in positive flashes downwind of the city (Pinto et al. 2004). 

These findings coincide with the percent positive flash decrease over Houston from 

Steiger et al. (2002). The reason for this decrease in positive CG downwind of the city is 

uncertain. However, microphysical effects on charge separation, such as greater pollution 

over cities, are hypothesized to be a reason for this decline in positive flash density away 

from the city (Jayaratne et al. 1983). 

One of the areas of maximum positive CG density (17 flashes km-2 yr-1) is just 

east of Walt Disney World (Fig. 4b). Upon closer inspection, this maximum value does 

not seem to coincide with a notably tall structure, like Cinderella’s Castle in Walt Disney 

World. Looking at this area in Fig. 4b shows that it consists of approximately 38 – 44% 

positive flashes. Another prominent feature in Fig. 4b is the large maximum located 

between the Leesburg sub-region and Highway I-4, which is not seen in the negative CG 

flash map in Fig. 4a. It is uncertain why there is an enhancement of positive flashes in 



 

this area. It could even be due to an individual line of storms with a very large percentage 

of positive flashes that dominates the pattern. 

The maximum negative CG density value for Central Florida is 36 flashes  

km-2 yr-1 that occurs at two towers circled in dark blue – the southern-most tower also has 

the maximum flash density for all daytime flashes (Fig. 2a). However, it is interesting 

that the equally tall towers east of Orlando are not conspicuous in the positive CG map 

(Fig. 4b). The reason for this is uncertain. Schumann et al. (2019) found that triggered 

flashes due to tall vertical structures produce a majority of positive CG flashes, 

contradictory to what is seen in Fig. 4b. If that were the case here, a much greater amount 

of positive CG flashes would occur at the transmitter towers. Conversely, Smorgonskiy et 

al. (2015) stated that the polarity of triggered flashes varies for different vertical 

structures, although they had a small sample size of two towers. More research is needed 

on this topic. 

 

4. Summary and Conclusions 

The areas with greatest CG flash density are not located within the Orlando city 

limits among the collection of tall buildings and towers. Rather, the most enhanced 

values of CG strikes are seen away from downtown. This is supported by previous 

findings from other cities around the U.S. (Westcott 1995; Orville et al. 2001).  The 

significance of triggered lightning events from tall buildings in the city appears to be 

overshadowed by processes related to the prevailing synoptic winds. The urban heat 

island effect also influences the placement of this maximum, as well as the maximum 

south of Downtown Orlando. These findings are consistent with those from the study 



 

over Houston by Orville et al. (2001). Highway I-4, with large areas of concrete and 

asphalt, could enhance urban heat island effects, as suggested by the contrasting values of 

flash densities on both sides of the highway near the city. The sea-breeze also is an 

important factor to consider in the causation of this maxima due to Orlando’s close 

proximity to the East Coast. This has been considered in papers examining CG flash 

densities over Florida (Lericos et al. 2001; Rudlosky and Fuelberg 2010). Buildings and 

theme parks in Orlando do not appear to be an epicenter of daytime CG enhancement, but 

tall transmitter towers east of the city get struck frequently. 

Flashes were then separated into May – June and July – September occurrences to 

further investigate a finding by Lericos et al. (2001) that southwesterly winds are most 

common during May and June. Understanding the prevailing winds during this lightning 

climatology might support the hypothesis of convection caused by urban heating being 

advected to the northeast. However, both May – June and July – September flashes 

showed enhancement stretching across the city from the southwest to the northeast. This 

area lies to the east of Highway I-4 within the region. Further research into prevailing 

wind speeds and directions throughout the years of the study is needed to further confirm 

a dominant southwesterly wind. However, a southwesterly wind is suspected in 

translating convection from Highway I-4 and the city of Orlando to the east. Splitting the 

flashes into these month occurrences also showed a prominent enhancement over the 

MCO area between July and September. There is a well-defined density maximum over 

this region and airport personnel should take note of its prevalence throughout these 

months. 



 

Negative and positive polarity flash densities were found to be dissimilar. The 

areas of enhanced flash do not completely coincide with one another. Negative and 

daytime flash densities, however, do have similar locations. This indicates that positive 

flashes reinforce the negative flash maxima and detract little from negative and daytime 

flash trends. Nevertheless, the maximum values for positive and negative CG (and 

consequently, daytime) densities differ. Negative flashes frequently strike two towers to 

the east of Orlando, while positive flashes do not. This directly contrasts with the findings 

from Schumann et al. (2019). However, more research should study the polarities of 

triggered lightning from tall vertical structures to understand this finding more 

thoroughly. The areas of positive CG flash maxima should be of note to those who work, 

live, or own infrastructure in those areas since positive polarity lightning is especially 

dangerous in terms of its length and strength (National Weather Service, “The Positive 

and Negative Side of Lightning”). Percent positive CG flashes decrease moving east from 

Orlando, which supports findings from Pinto et al. (2004) and Steiger et al. (2002). 

The Orlando area’s lightning distributions are similar to those of other cities 

named in this paper. However, they also exhibit some differences, like the greater than 

expected percentage of positive CG lightning occurring in the area. This lightning 

climatology serves as a basis for future research to investigate specific explanations as to 

why some areas around Orlando are enhanced while others are not. The significance of 

the flash enhancement mechanisms described is not known. Future studies should 

especially investigate prevailing winds, sea-breeze interaction, and convergence from the 

urban heat island effect. Numerical simulations would be ideal for this purpose. It also 

serves to document the advantages and disadvantages of fine grid scaling for future 



 

lightning distributions. Regardless of flash density maxima being largely located away 

from Downtown Orlando, MCO, and the theme parks, the city and suburban areas 

surrounding it are still at high risk for damaging lightning and lightning-caused fatalities.  
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