
Air Force Institute of Technology Air Force Institute of Technology 

AFIT Scholar AFIT Scholar 

Theses and Dissertations Student Graduate Works 

3-2021 

CCSFS/KSC Total Lightning Warning Radii Optimization for CCSFS/KSC Total Lightning Warning Radii Optimization for 

MERLIN Using Preexisting Lightning Areas MERLIN Using Preexisting Lightning Areas 

Kimberly G. Holland 

Follow this and additional works at: https://scholar.afit.edu/etd 

 Part of the Meteorology Commons, and the Operational Research Commons 

Recommended Citation Recommended Citation 
Holland, Kimberly G., "CCSFS/KSC Total Lightning Warning Radii Optimization for MERLIN Using 
Preexisting Lightning Areas" (2021). Theses and Dissertations. 4929. 
https://scholar.afit.edu/etd/4929 

This Thesis is brought to you for free and open access by the Student Graduate Works at AFIT Scholar. It has been 
accepted for inclusion in Theses and Dissertations by an authorized administrator of AFIT Scholar. For more 
information, please contact richard.mansfield@afit.edu. 



keep the lightning warning in effect involve three conditions; if the thunderstorm is

expected to redevelop, if a new thunderstorm is expected to approach or develop

shortly after the first, or if there is evidence that indicates that the risk of lightning

remains. As shown in Figure 4, the radii of those lightning warning circles are either

5NM (yellow circles) for a single small facility or several closely located facilities, or

6NM (orange circles) for a single large facility or several widely spaced facilities. The

accompanying table references name of each radii, the facility it belongs to, and the

center locations of each radius, represented in latitude and longitude.

Figure 4: Cape Canaveral Lightning Warning Circles [2]

2.3 Evolution of Lightning Tracking Systems Used by KSC

Many lightning location systems have been developed to better understand and

predict the behaviour of lightning as well as aid in determining lightning warnings

in support of operations at CCSFS/KSC. This support includes issuing lightning

watches and warnings, evaluating the Lightning Launch Commit Criteria, supporting

ground processing operations several months leading to a space launch, and evaluat-

ing the risk of induced current damage of electronics due to cloud-to-ground strike

occurrences [13]. Partaking in this development, the following lightning systems have

contributed greatly to or continues to serve the overall lightning exploration effort at
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Cape Canaveral’s space launch facilities.

2.3.1 National Lightning Detection Network

The National Lightning Detection Network (NLDN) was established in the 1980’s,

to continuously gather real-time data on ground flash density (GFD) during CG

lightning events [16]. It began with the initiation of a few Direction Finder (DF)

sensors that were established in New York, handled by a newly developed team headed

by Richard Orville. This emerging network was eventually merged together with two

other competing lightning networks and its DF sensor footprint was expanded over

the course of time to cover the entirety of the United States and Canada. During this

time, NLDN underwent two iterations and its sensors were eventually upgraded with

a new model called the Improved Accuracy from Combined Technology (IMPACT)

sensor, which had the capability of the previous sensor plus the capacity to record

time on arrival (ToA) [12]. In this updated version, 114 sensors are able to detect both

CG and CC flashes with 80-90% detection efficiency [17] as well as 0.6 km location

accuracy [18, 19]. This network continues to collect lightning data to date and is used

to supplement the shorter range higher-performance lightning location systems used

by 45WS. NLDN was initially integrated with MERLIN, but it was later discontinued

due to occassional lightning solutions that displayed very large location errors and

very eccentric location error ellipses. [13]. NLDN does continue to serve as a backup

system for the CCSFS/KSC for operations outside the MERLIN’s effective range.

2.3.2 Weather Surveillance Doppler Radar

The inception of the Weather Surveillance Radar - 1988 Doppler (WSR-88D)

Radar Operations Center (ROC) was established through the Next Generation Weather

Radar (NEXRAD) Program in the year 1988 and it maintains its operational use in
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the present time throughout 164 sites in the U.S. Its employment of Radio Detec-

tion and Ranging (RADAR) tracking allows for wide swath surveillance of many

atmospheric elements that make up a developing thunderstorm, to include lightning

[20]. WSR-88D sensors uses reflectivity to detect the onset of lightning as severe

temperatures coincide with the electrification process. Its most recent iteration in

2013 applied polarimetric capabilities in order to eliminate unnecessary noise, such as

birds, insects, and ground. While different versions of the WSR have been employed

at the Cape Canaveral installations in the past, at the current setting, the 45 WS uses

the WSR-88D/Melbourne Radar as a backup to their more recent primary Weather

Surveillance Radar, the RadTech 250/43 [13].

2.3.3 Cloud to Ground Lightning Surveillance System (CGLSS)

CGLSS became operational in 1989, utilizing six sensors comparable to the IM-

PACT sensors from NDLN [16]. This system specifically gathers data on CG flashes.

CGLSS was needed to provide better location accuracy and detection efficiency than

NLDN in the CCSFS/KSC area. This requirement was primarily required for the

daily lightning reports issued by 45WS to help space launch customers assess the

risk of induced current damage from nearby lightning on electronics in satellite pay-

loads, rocket avionics, and test equipment [13]. Its first iteration’s main limitations

involved collection solely on just the initial return stroke and accommodates a central

processing unit that relies on an outdated and unsupported system. Thus, a newer

central processing unit supplanted the former along with newer sensors that collects

on all return strokes, labeled as CGLSS-II. This upgrade allowed for a 98% location

accuracy within the sensor perimeter [18]. Additionally, it detects 250% more flashes

than the former model, specifically on individual return strokes [21]. However, one of

the six sensors have been incapacitated since 2009 [19].
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2.3.4 Lightning Detection and Ranging (LDAR)

The Lightning Detection and Ranging (LDAR) system was first established in

1971. For over 40 years, KSC has relied on the LDAR system, which uses Very High

Frequency (VHF) signals to pinpoint the location of step leaders to determine the

presence of a lightning event [22]. The visual representation of these step leaders

allowed forecasters to evaluate events that are specific to lightning aloft. During its

utility, two iterations of the system were employed, the LDAR I and II.

2.3.4.1 LDAR I

The first of its class, LDAR I was utilized by KSC between 1971 to 2008. The sys-

tem construct comprised of seven total receivers that detected step leader discharges,

with six of the VHF radio antennas surrounding a central VHF receiver to ensure line

of sight (LOS). This allowed LDAR to paint a 3-D spatial representation of the light-

ning data, but only on lightning aloft specifically [16]. For a collective assessment,

LDAR was implemented in conjunction with CGLSS to more accurately analyze the

behavior of lightning strikes [3].

2.3.4.2 LDAR II

From 2008 to 2016, LDAR II replaced its predecessor, with notable improvements.

In this overhaul, nine new sensors replaced the seven former, with capability to gather

data beyond line of sight (BLOS). This capability allowed the new sensors to have

wider separation, covering more area to attain higher accuracy [23]. Thus, the spacing

of the sensors were doubled. With the increase and improvement in sensor capability,

LDAR II’s detection efficiency surpassed its former model by 140%. [21] Though an

improvement from the last iteration, LDAR II still has its limitations to note. Major

limitations of concern are its limits on detection rate and location accuracy. LDAR
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II’s detection rate is at 99% up to 75km from the central site. As lightning detection

expands beyond 75km of LDAR II’s central site, the detection rate decreases by 5-10%

for each estimated 25 km increment. Similarly, LDAR II’s location accuracy steadily

declines in confidence as its area of detection extends past the sensor groupings. A

detailed breakdown of both limitations are depicted in Figure 5.

Figure 5: LDAR Detection Rate and Location Accuracy

2.3.5 Four Dimensional Lightning Surveillance System (4DLSS)

4DLSS makes up the framework that employs the most updated central processing

system and analyzes LDAR II in tandem with CGLSS II to provide a full picture of

lightning strikes at KSC. Sensor placement for all 15 working sensors is shown in

Figure 6, where CGLSS II sensors outline the group of LDAR II sensors. Evaluated

by Roeder[21], this system achieves at least a 98% and 100% detection efficiency

for CG and CC, respectively. Additionally, it achieves a 140% CC and 250% CG

relative detection efficiency in comparison to the previous LDAR I and CGLSS I

pairing. 4DLSS was also more effective in noise reduction in comparison to the older

system, as electrostatic emissions from planes were weak and can be filtered out by

the improved system’s quality control algorithm [23].
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