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Abstract — The performance characteristics of the U.S.
National Lightning Detection Network (NLDN) are
evaluated by comparing stroke locations and return-
stroke peak currents reported by the NLDN with the
corresponding ground truth data for lightning triggered
at Camp Blanding, Florida. The flash and stroke
detection efficiencies are also estimated. In the previous
study for 2004-2009, 37 flashes with 139 return strokes
were triggered at Camp Blanding. The NLDN detected
34 flashes with 105 return strokes. The resultant flash
detection efficiency was 92% and stroke detection
efficiency was 76%. The median location error was 308
m and median absolute peak current estimation error
was 13% (Nag et al., 2011). Sample size for evaluation
of errors in peak current estimates was 96. In this paper,
we carry out a similar evaluation using 89 strokes in 23
flashes triggered at Camp Blanding in 2010 and 2011.
Sample size for evaluation of errors in peak current
estimates was 56. In 2010-2011, the flash and stroke
detection efficiencies were 100% and 72%,
respectively. The median location error was 436 m and
median absolute peak current estimation error was 15%.

1. INTRODUCTION

Since 1989, the U.S. Lightning Detection Network
(NLDN) has been providing lightning data for the
contiguous United States. Jerauld et al. (2005) and Nag
et al. (2011) used rocket-triggered lightning data,
acquired at Camp Blanding, Florida, to study the
performance of the NLDN for the periods of 2001-
2003 and 2004-2009, respectively.

In 2001-2003 (Jerauld et al., 2005), 37 flashes
containing 159 return strokes were triggered at Camp
Blanding. The resultant flash and stroke detection
efficiencies were 84% and 60%, respectively. The
median location error was 600 m. The median value of
absolute peak current estimation error was 20%. The
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sample size for evaluation of errors in peak current
estimates was 70. In 2004-2009 (Nag et al., 2011), 37
flashes containing 139 return strokes were triggered at
Camp Blanding. The resultant flash and stroke
detection efficiencies were 92% and 76%, respectively.
The median location error was 308 m. The median
value of absolute peak current estimation error was
13%. The sample size for evaluation of errors in peak
current estimates was 96. Nag et al. (2011) reported an
improvement in performance characteristics of the
NLDN after its upgrade which was completed in 2004
(Cummins and Murphy, 2009).

The present study is similar to the previous studies
of Jerauld et al. and Nag et al., but is based on rocket-
triggered lightning data obtained at Camp Blanding in
2010-2011. It is thought that triggered-lightning strokes
are similar to subsequent strokes in natural lightning
(Rakov and Uman, 2003). Hence the results of this
study are expected to be applicable to subsequent
strokes in natural lightning.

2. DATA AND METHODOLOGY

In 2010-2011, a total of 61 rockets were launched
at Camp Blanding. This resulted in 23 flashes with 89
leader/return stroke sequences. Table 1 gives the
summary of flashes and strokes recorded at Camp
Blanding. One stroke in 2010 was misidentified by the
NLDN as a cloud discharge.

Two rocket launchers (a tower launcher and a
ground launcher) were used in 2010-2011 and the
positions of the launchers are known within a few
meters. The channel-base current was measured by
resistive shunts with a bandwidth of 0 to at least 3
MHez. Fiber optic links were used to transmit the signals
from the measurement stations to 8-bit and 12-bit
digitizing oscilloscopes. The 12-bit oscilloscope
sampled at 10 MHz (signals were —3 dB low-pass
filtered at 3 MHz) and the 8-bit oscilloscope sampled at
250 MHz (signals were —3 dB low-pass filtered at 20
MHz). Wherever possible, peak currents were measured
in the 8-bit oscilloscope records, which have a higher



Table 1. Summary of flashes triggered at the Camp Blanding in 2001-2011.

Numb " Number of | NLDN Flash Number of NLDN Stroke
Year ;Ill;:sl?:so NLDN Detection Number of NLDN Detection
Trissered Detected Efficiency Strokes Detected Efficiency
g8 Flashes (%) Strokes (%)
2010 12 12 100 51 41 80
2011 11 11 100 38 23 61
2010-2011 23 23 100 89 64 72
2004-2009
(Nag et al., 2011) 37 34 92 139 105 76
2001-2003
(Jerauld et al., 2005) 37 31 84 159 9% 60

sampling rate. Otherwise, peak currents were measured
in 12-bit oscilloscope records. The directly-measured
current peaks may contain errors up to 10% or so
(Jerauld et al., 2005), but for the purpose of this study
they are assumed to be the absolute ground-truth.

The following NLDN performance characteristics
were determined: (a) flash detection efficiency, (b)
stroke detection efficiency, (c) stroke location errors,
and (d) errors in peak current estimates. For a given
stroke, the distance between the location of launcher
(used as ground-truth) and the location reported by the
NLDN is defined as location error. The errors in
NLDN:-reported peak currents were computed using the
equation Al = Iyjpy — Icg. Here Iyipy is the
NLDN:-reported peak current and /¢ is the peak value
of return-stroke current waveform directly measured at
Camp Blanding.

Of the 89 strokes in 23 flashes for 2010-2011,
directly measured currents were available for 79 strokes
in 21 flashes. Figure la shows the peak current
histogram for all strokes recorded during 2010-2011
(includes strokes both detected and not detected by the
NLDN). The geometric mean (GM) and median peak
currents are 10.6 kA and 10.8 kA, respectively. The
minimum and maximum peak currents are 2.0 kA and
43.1 kA, respectively. Similar histograms for 2004-
2009 and 2001-2003 are shown in Figures 1b and c,
respectively.

3. RESULTS AND DISCUSSIONS

3.1. Flash and Stroke Detection Efficiencies

Flash and stroke detection efficiencies of the
NLDN are given in Table 1. For 2010-2011, the flash
detection efficiency is 100% versus 92% and 84% for
2004-2009 and 2001-2003, respectively. The stroke

detection efficiency is 72% for 2010-2011 versus 76%
and 60% for 2004-2009 and 2001-2003, respectively.
It is worth noting that one stroke from 2010 was
misclassified by the NLDN as a cloud discharge. All
other strokes in 2010-2011 were correctly classified as
cloud-to-ground discharge by the NLDN.

From Table 1, one can see that the stroke detection
efficiency is 80% for 2010 but 61% for 2011. From
Figure 1, one can see that the distributions of return-
stroke peak current are similar for all three time periods
(except for a more abrupt decrease in the number of
events at 15 kA or so for 2010-2011).

Figure 2 shows the NLDN stroke detection
efficiency as a function of peak current measured at
Camp Blanding for (a) 2010, (b) 2011, (c) 2010-2011,
(d) 2004-2009 (Nag et al., 2011), and (e) 2001-2003
(Jerauld et al., 2005). The total number of NLDN-
reported strokes for the period of 2010-2011, for which
peak currents were measured at Camp Blanding, is 56.
For 2010-2011, the stroke detection efficiency is 100%
for peak currents above 15 kA and decreases to 48% for
strokes in the 5 to 10 kA range. None of the five strokes
with peak currents less than or equal to 5 kA was
detected by the NLDN. For 2004-2009, the stroke
detection efficiency was 100% for peak currents above
20 kA and for 2001-2003, the stroke detection
efficiency was 100% for peak currents above 30 kA.
Similar to 2010-2011, none of the strokes with peak
current less than 5 kA was detected by the NLDN in
2001-2009.

3.2. Location Accuracy

Figures 3a and b show spatial distribution of
locations for the 64 NLDN-detected strokes in 23
flashes triggered at Camp Blanding in 2010-2011. The
origin (marked X at the center of the plots in Figure 3)
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Figure 1. Histograms of Camp Blanding return-stroke peak currents, /, for (a) 2010-2011, (b) 2004-2009 (Nag et
al., 2011), and (c) 2001-2003 (Jerauld et al., 2005). Statistics given are the arithmetic mean (AM), standard
deviation (SD), geometric mean (GM), median, standard deviation of the log, of the parameter (SD(log;¢l)),
minimum value (Min), and maximum value (Max).
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Figure 2. NLDN stroke detection efficiency as a function of peak current measured at Camp Blanding for (a) 2010,
(b) 2011, (c) 2010-2011, (d) 2004-2009 (Nag et al., 2011), and (e) 2001-2003 (Jerauld et al., 2005). For each peak
current range (bin size of 5 kA), the ratio given inside the column indicates the number of strokes detected by the
NLDN (numerator) and the number of strokes recorded at Camp Blanding (denominator) for that peak current range.



corresponds to the actual stroke location that was
known to within a few meters, so that the horizontal
and vertical axes correspond to the east-west (east being
positive) and north-south (north being positive) location
error components, respectively. The arithmetic mean
(AM) and median north-south location errors are —47 m
and —100 m, respectively, while the AM and median
east-west location errors are —209 m and -305 m,
respectively. Similar plots for 2004-2009 and 2001-
2003 are shown in Figures 3c and d, respectively.

To study the effect of launching facility (two
launchers were used in 2010-2011; ground launcher for
18 flashes with 42 strokes and tower launcher for 5
flashes with 22 strokes), the spatial distribution of
locations for NLDN-detected strokes from 2010-2011
is plotted in Figure 4 using different plot symbols for
different launchers. It does not appear that the
launching facility influences stroke location errors.

Figure 5a shows the histogram of NLDN absolute
stroke location errors for the 64 strokes from 2010-
2011. The median absolute location error is 436 m, with
the largest error being 3.5 km. Similar histograms for
2004-2009 and 2001-2003 are shown in Figures 5b and
Sc, respectively. Nag et al. (2011) had reported a
median absolute location error of 308 m and a
maximum of 4.2 km for 2004-2009. Jerauld et al.
(2005) had reported a median absolute location error of
600 m and a maximum of 11 km for 2001-2003. The
median absolute location error for 2010-2011 is higher
than that reported for 2004-2009, but lower than that
reported for 2001-2003.

Figure 6 shows the NLDN absolute location error
plotted versus the peak current measured at Camp
Blanding. Eight out of nine cases with location errors
greater than 1 km correspond to strokes with peak
currents less than 15 kA, and one corresponds to a peak
current of 28.3 kA. The largest location error occurred
for a stroke having peak current of 12.1 kA. Figure 7
shows the NLDN absolute location error plotted versus
the number of NLDN reporting sensors. The number of
reporting sensors ranges from 2 to 14. The location
error tends to decrease as the number of reporting
sensors increases, which is expected.

3.3. Peak Current Estimates

Figure 8 shows scatter plots of the
NLDN:-estimated peak current versus peak current
measured directly at Camp Blanding. For all 56 NLDN-
reported strokes with directly measured currents from
2010-2011, the GM of Camp Blanding peak current is
13.4 kA versus 12.5 kA for NLDN-estimated peak
currents. In Figure 8, the slanted solid line (slope = 1) is
the locus of the points for which the NLDN peak
currents and the Camp Blanding peak currents are

equal. The AM value of the ratio Icp/Iy;py is 1.1. The
AM of Icp/Iyipy ratio was 1.1 for 2004-2009 (Nag et
al., 2011) and that for 2001-2003 was 1.2 (Jerauld et
al., 2005). A greater than 1 ratio indicates that the
NLDN tends to underestimate the peak current (by
about 10% on average in 2010-2011).

Figure 9 shows histograms for the signed value of
NLDN peak current estimation errors as a percentage of
Camp Blanding peak current (4% = 10041/, where
Al = Iyipy — Icg). The AM and median values of 41%
for 2010-2011 are —-5.6% and —3.9%, respectively.
Figure 10 shows histograms for the unsigned value of
NLDN peak current estimation errors as a percentage of
Camp Blanding peak current. For absolute value of
A1%, the AM and median values for 2010-2011 are
14.5% and 15.1%, respectively. The maximum current
estimation error is 41% versus 129% for 2004-2009
and 50% for 2001-2003.

The number of NLDN reporting sensors is plotted
against Camp Blanding peak current for 96 strokes in
Figure 11. As expected, strokes with higher peak
currents tend to be detected by a larger number of
NLDN sensors.

4. SUMMARY

The NLDN performance characteristics based on
triggered-lightning data acquired at Camp Blanding in
2010-2011 are as follows.

1. Flash detection efficiency is 100%.
2. Stroke detection efficiency is 72%.
3. Median location error is 436 m.
4. Median value of absolute peak current estimation
error is 15%.
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Figure 3. (a) 4 km x 4 km plot of NLDN-reported stroke locations for 64 strokes in 23 flashes triggered during
2010-2011 at Camp Blanding; (b) same as (a), but for 1.5 km x 1.5 km; (c) same as (a) but for 2008-2009 (Nag et
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Figure 6. NLDN absolute location error versus Camp Blanding peak current for (a) 2010-2011, (b) 2004—
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(Nag et al., 2011), and (c) 2001-2003 (Jerauld et al., 2005). Statistics given are the arithmetic mean (AM), standard
deviation (SD), median, minimum value (Min), and maximum value (Max).
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Figure 11. Number of reporting NLDN sensors versus Camp Blanding peak current for (a) 2010-2011, (b) 2004—
2009 (Nag et al., 2011), and (c) 2001-2003 (Jerauld et al., 2005).
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