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Key points:

u We present a new technique to calculate deteafbaiency (DE) and false

alarm rate (FAR) for the Geostationary Lightningpggars (GLM) on GOES-16
and GOES-17 by expanding the time coincidence windo

E Using this new technique, the DE and FAR arealstunuch better than we
have been previously able to show.

u With more months of data, the GLM DE and FAR dtdamprove in regions
with very little lightning.
Abstract

The Geostationary Lightning Mapper (GLM) is a gatishary lightning detection and
location instrument, developed for the R generatioh Geostationary Operational
Environmental Satellites (GOES-R, S, T, and U) sTtaper details a new technique to assess
Detection Efficiency (DE) and False Alarm Rate (PARvhich indicate how well the
instrument is detecting lightning and rejecting 4tightning. In an attempt to compare GLM
with the best possible ground truth data, we chestseveral ground-based lightning networks
into a single “virtual” network and compare it tbet GLM results. A major issue with
determining the GLM DE and FAR values is that orerch of the instrument Field Of View
(FOV), there are no high DE systems. To asses&ltiM DE and FAR over these regions, we

modified our prior coincidence criteria by increggsthe time window fro s to as much

as min to account for the lower DE of the gmburuth systems. Using the expanded

time window, we compare GLM flash data from 1 Augl2 through 31 Jan 2020 for both
instruments against the virtual network lightnitgsh data. We find that increasing the time
window, while maintaining the distance criteria&@km, greatly improve the DE and FAR

values. With the fuI min time window, overettwhole GLM FOV, the GLMs on

GOES-16 and GOES-17 have a DE of over 90%. Forséime time window, the FAR for
GLM on GOES-16 is just over 5%, while the FAR faetGLM on GOES-17 is just under
20%.

Plain Language Summary

In order to evaluate the quality of the GLM dat&, meed to compare it to other, well-understood cssur
of lightning data. To account for the lack of higétection efficiency ground truth data over muchhef
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viewing GLM area, we have increased the time windamcomparisons t min. Using the larger

time window, we find that the GLMs see as much @% Qf the lightning seen by other lightning
detecting systems.

1 Introduction

The Geostationary Lightning Mapper (GLM)(Goodmaralet 2013; Rudlosky et al., 2019) is a lightning
detection and location instrument designed for Rheeries of the NOAA Geostationary Operational
Environmental Satellites (GOES). As of the year®@QBere are two GLMs in geostationary orbit, one o
GOES-16 (East) and one on GOES-17 (West). We wiltrrto the two instruments as GLM-16 and
GLM-17, respectively. The final two GLM instrumemall be launched as part of GOES-T and GOES-

U. The instruments in orbit have a combined Fididview (FOV) from N Latitude t° S

Latitude, and fro° W Longitude D5° W Longitu@see Figure 1). As lightning has been

declared an Essential Climate Variable for studyttimmate change due to the availability of lightin
observations from space by the WMO and Global Gin@bserving System (GCOS) (Aich et al., 2018),
the full characterization of the GLM instrument abpities becomes even more important.

In our prior work (Bateman & Mach, 2020), we prasenpreliminary Detection Efficiency (DE) and
False Alarm Rate (FAR) for GLM-16. In that papere wlustered together 5 different ground-based
lightning detection networks in order to createltlest possible source of ground truth data for GOMr
goal for this work is to further improve the assesst of the DE and FAR for the GLM-16 and add the
assessment of DE and FAR for GLM-17. Our approaithbe similar to the one used in Bateman and
Mach (2020) in that we will compare the GLMs toraund truth dataset consisting of several ground-
based lightning detection systems. As in that studyhave clustered the ground truth data intogles)

“virtual” network source for lightning flash datkn that study, we used a time coincidence critef

Es and a distance criteria of B®. Another previous study (Harkema et al., 2018duthis same time
and distance criteria when comparing GLM data t®NL

The difficulty in assessing DE and FAR for the GLMghat over most of the FOV, ground truth data
are very limited, and the farthest reaching sota®fairly low DE (Burgesseur, 2017). Within the L
FOV, the Continental United States (CONUS) and matisouth America are well covered, but the
oceans and the southern part of South Americaessedo. The reason for the lack of data is dukeo t
ground truth sources being all land-based and hebst much lower detection rates far from their sens
locations. Sparseness of sensors results in sgassed truth data for the ocean regions and pdrts o
South America (see Figures 2 and 3; right panaach). The only source for corroborating data over
much of the regions outside of the CONUS, includihg far oceans, is the World Wide Lightning
Location Network (WWLLN), which claims a DE of altol0—-20% (Burgesseur, 2017). Up to now, this
has resulted in lower DE and higher FAR calculaitor the GLM due to inadequate ground-truth data
(Bateman & Mach, 2020).

A confounding factor is: Because the ground trytesms are radio frequency based, while the GLM
uses optical signals to detect lightning, the twpes of systems often detect different parts of the
lightning flash (Zhang & Cummins, 2020). When comipg two dissimilar systems, if the flash rates are
high and both systems have a reasonably high dwiegette, DE values are reasonably easy to determin
Most flashes are detected by both systems. Howdvame system has a particularly low DE and detect
different components of the lightning flash, itvisry possible that the two systems will not seesthime
flashes. Both systems will likely see other flaslheghe same storm. One technique to counter this
problem is to expand the time window used to comphe two datasets, thereby detecting some flashes
from the storm by both systems. In this case, wevalidating GLM flashes against WWLLN storms.
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In the current work, we have taken this approachaleulating the DE and FAR for the two GLM
instruments. We have allowed the time-comparisordaiv to extend t min (on either side of the

flash duration) when seeking comparisons betweel @ashes and the ground-based virtual network.
We left the distance criterion at &fh, as in the previous paper (Bateman & Mach, 2020)as to keep
the cross-storm detection chances to a minimumdi@aot continue to expand the time window beyond

min, as that would also increase the chant#geaoincident storms moving out of the grid baxe

When extending the time window to this size, ibai us to use WWLLN as a “storm detector,” rather
than an individual lightning flash detector whemmgaring to the GLM data. The results of this new,
extended-time comparison are presented here.

2 Instrumentation

The GLM data used in this study are the flash ffata both GLMs (GLM-16 and GLM-17). The GLMs
sense total lightning based on their optical progerat the 777.4Am oxygen triplet (Christian &
Goodman, 1987). The optical signals are detectddtan processed into lightning flashes by a safies
filters and a clustering algorithm (Goodman et2013; Mach, 2020). GLM-16 was declared provisional
on 19 Jan 2018 while the GLM-17 was declared proni on 20 Dec 2018. The flash data used in this
analysis are from 1 Aug 2019 through 31 Jan 202@dth instruments. These dates were chosen to only
include GLM data after the updated blooming filkas installed in late July 2019 (GOES-R Series Data
Book, 2019).

The first ground-based system we use in our virhetvork is Earth Network’s Global Lightning
Network (ENGLN) (Heckman, 2014). This is a souttaticombines the Earth Network’s Total Lightning
Network (ENTLN) (Liu & Heckman, 2010) with the WdrlWide Lightning Location Network
(WWLLN) (Dowden et al., 2002; WWLLN website, 201 BNTLN provides high DE stroke data (what
they call “portions”) that covers the CONUS andthern and eastern South America. The WWLLN adds
global coverage, but at a much lower DE (10-20%irgBsseur, 2017).

The next set of systems in the virtual network seeeral made and operated by Vaisala. The Global
Lightning Dataset GLD360 (Mallick et al., 2014) pides wide area, near global coverage, high DE
lightning stroke data (Said et al., 2010; Saidle2®13). The data purchased for this study anédid by

contract to betweeEO a50 Longitude. Thiesiés are apparent in the maps that will be

presented. Next, we used the National Lightningebttn Network (NLDN) stroke and flash data
(Cummins et al., 1998; Orville et al., 2011). Thesevide high DE lightning data over CONUS and to
about 100 km beyond the shores of CONUS. Finallyilltin the northern regions of the GLM FOV in
North America, we use the Canadian Lightning DedecNetwork (CLDN) (Burrows et al., 2002). This
network provides lightning flash data with sensginsilar to the NLDN (Orville et al., 2011). All stgms
used for ground truth data detect total lightnimgofoud and cloud-to-ground).

3 Methodology

As was done in Bateman and Mach (2020), we comhi@erarious ground systems described above into
a virtual ground truth system. A challenge in meggihe different reference datasets is that somengl-
based lightning detection networks report strok@bers report flashes, and some report both. To
overcome this issue, we use the same techniquenasina Bateman and Mach (2020). We combined data
from the various networks using a clustering teghaisimilar to that used in clustering GLM event® i
flashes. All ground truth datasets are first coratdiand time sorted, then all sources within 330ants
16.5 km of the first source are clustered intoaahl As a clustered flash grows, the temporal aatla
limits expand so that any subsequent ground trggtem stroke, flash, or other unit of lightningaidded
in if it is within 330 ms and 16.5 km of any othm already in the cluster. This means that tme @&nd
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space “size” of the clustered flash is allowed towgas long as new lightning data can be found ithat
within 330 ms and 16.5 km of any other item alresdhe clustered flash.

This technique works well to produce a combinechHf ground truth system if there are multiple
systems capable of detecting flashes with a rebbphigh DE in a region (as in the CONUS and simila
regions in the Bateman and Mach (2020) work). H@wewhen there is only one system with a lower
DE in a region, the comparison to GLM for the pupof DE and FAR calculations, begins to fail. In
such regions, we need an alternative method tp isbess the GLM system DE and FAR.

One technique to compare GLM to a low DE systeto isxpand the time window of the comparison.
Since a large part of the GLM FOV is over ocearfriam land (see Figure 1), and in those areas, rofich
the ground truth data is from WWLLN. WWLLN has ordyl0-20% DE, so expanding the time window
can increase the chances for a coincidence betthieeW/WLLN data and GLM. Flash rates for oceanic

storms have been reported by Mach et al. (2008, tbund an average flash rate of about 1En If

those storms are observed with a system that h8%6aDE, then a storm needs to be monitored fortabou
10min to ensure detecting at least one flash withgiteeind truth system. We arrived at this figure of

10min by dividing the flash rate of by the DE of 0.1. GLM is designed to have a DEr&fater

than 70% (Goodman et al., 2013) and GLM-16 hasvarage DE of 77% (Bateman & Mach, 2020), and
thus may not see the same flash as the ground gystems (Zhang & Cummins, 2020). However, we
will know that both systems have seen the samenstas long as we keep the spatial limits the sane a
before. Note that this essentially turns the WWLibhd a “storm detector.” So now, in parts of theNbL
FOV, we are using “storm detection” to validate Gil&khes.

To document the incremental effects of increasigtime coincidence window, we started the time
window of the DE and FAR analysis at the value ufmdthe previous work o s gtotal)

(Harkema et al., 2019; Bateman & Mach, 2020). W ttepeated the DE and FAR analysis for the same
dataset, increasing the time window for each rue.rdh the comparisons for 10 different time window

widths, essentially doubling the width each timéeTinal time window wa min (20in total).

We ran the analysis for both the GLM-16 and GLMdEfasets. DE is defined as the number of flashes
detected that are coincident to GLM and the virgralund truth system, divided by the total numbler o
flashes detected by the virtual ground truth systeAR is defined as the number of flashes deteloted
GLM that are not coincident with the virtual groutrdth system, divided by the total number of GLM
flashes. We understand that these are not abgbluttéenstead relative) DE and FAR, as neither syste
100% efficient. Details on how we calculate DE &#&R are given in Bateman and Mach (2020). Note

that as before, all GLM data and virtual networéugrd truth data are gridded i 1° grid boxes

4 Results

Shown in Figure 2 are the flash densities for #8tM-16 and the virtual network over the 6 months of
this study. The GLM-16 data are in the left paméijle the virtual network data are in the right phn
Figure 3 shows the flash densities for GLM-17 jleftd the virtual network (right). Note that altel
systems show a lack of lightning data over the nt¢edahe west of South America. This lack of lighth
has been seen in other studies with differentigiogf sensors, e.g., Albrecht et al. (2016), Bladegt al.
(2020). To keep the DE and FAR statistics from hgubo much variation, we will not plot DE and FAR
values when the number of flashes per grid poinpsirbelow 20 flashes for either the GLMs or the
virtual ground truth source.

Rather than attempt to show the full plots of GLBl-dAnd GLM-17 DE for all 10 time windows, we
have chosen to show the comparison of the two @esg2s and 20nin total) for GLM-16 and GLM-17
in Figure 4. Note that almost all of the dark gré®& between 0.50 and 0.70) and gray (light gr&p 6-
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0.50; dark gray, 0.00 — 0.25) areas in the rigbtsphave changed to light green (.70 ) inlefie

plots. Except for a few areas of yellow (indicati®§M detects something but the virtual ground truth
network does not), and the large area of almodightning to the west of South America, nearly the
whole GLM-16 and GLM-17 FOVs are light green. O thoxes with coincident data (greens and grays),
97.7% of GLM-16 and 94.1% of GLM-17 are light gre&he left plot for GLM-16 shows an average DE
of 0.97 over the whole map, while the left plot ®LM-17 shows an average DE of 0.93. The values of
DE were averaged over the whole FOV for both GLMdfd GLM-17 and plotted for all time
comparison windows in Figure 5. Note that both Dieves have the same shape between GLM-16 and
GLM-17, but the initial and final values are diféait. Note that we have marked a time o668 point at
which the sharp increases begin to flatten out.eMwr this later.

Figure 6 shows the GLM-16 DE separated into daftriigr the min time window. To do this,

we chose & in which the GLM-16 FOV was in total daytime aambther 6 when the FOV was in total
nighttime. Other than where there is insufficieatad almost all coincidence pixels (greens andgjrase

light green (98.6% day, 98.7% night). Figure 7 shdine same DE values for GLM-17 with 10

min time window, again divided into day and nighs with GLM-16, we chose a 6-h period where the
whole GLM-17 FOV was either in daylight or nightémAgain, most all coincident pixels (93.8% day,

94.3% night) of the GLM-17 FOV is light green. Theare larger areas of insufficient data and more
areas of GLM detections without corresponding gtbuinth data (shown as yellow).

Figure 8 is the FAR version of Figure 4. The laftesplots are the FAR for t min time
window while the right plots are the FAR for s time window. The upper plots are for GLM-16

while the lower plots are for GLM-17. Note that mo$ the GLM-16 FOV fo min has FAR of

less than 5% (shown as light gray). The light gegyion increases from 8.7% (right) to 73.9% (Ieff)e
number of flashes for both GLM-17 and the virtuebund truth dataset are much lower, owing to the
mostly oceanic coverage of GLM-17. The amount gifitligray increases for GLM-17 from 6.6% (right)

to 32.5% (left). Both instruments show consideraiviprovements from a time window 1 SE +

min. Figure 9 is the FAR equivalent of Figuré\ain, both GLM-16 and GLM-17 show significant

improvements in the FAR as the time window increaaéhough GLM-17’s final values are not as good
as those of GLM-16.

As above for DE, Figures 10 and 11 show the FARe&lsplit into day/night hours. Figure 10 shows
the FAR day/night data for GLM-16. Most of the FARd boxes are still below 5%, except for the areas
with insufficient data. Figure 11 shows that theR-8ay/night values for GLM-17, which suffer from a
lack of ground-truth data. Many grid boxes havs kban 20 flashes, either in the GLM data or tineial
ground truth data.

5 Discussion

Figures 2 and 3 illustrate the major constrainhwiitis analysis: Over a significant fraction of Be&M-

16 FOV (and a majority of the GLM-17 FOV), there arot much data over most of the Pacific Ocean.
For these 6 months of data, there is also not righining in the Northwestern CONUS. The lower DE
and higher FAR areas over this region, which isnseeboth the GLM-16 and GLM-17 data, mostly
vanish when a longer time coincidence window isdugdso, most of the lightning is over land, and fo
these 6 months less lightning occurred in North Acaethan South America.

For the virtual network, notice the extreme lackigifitning on either side of South America. Ovasth
6-month period, there are fewer than 20 flashegyadrbox over the region. For GLM-16 there islditt
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data west of South America; for GLM-17 there iglslily more data. It is suspected that much of tta d
that are reported by the GLMs in this region arereal lightning and are possibly due to glint oise.

In Figures 6 and 7, note that the yellow pixelstwegsSouth America disappear at night. This is wiey
think that these yellow pixels are attributed ta gjlint off the ocean or increased noise detecti@ven
with the longer time coincidence window, the ladldata to the west of South America simply makes it
impossible to determine accurate DE and FAR measemts in that region. The lack of data in that
region becomes even more apparent when the dasplitrato night and day. In many of the grid bexe
in that region, there are not even 20 flashes the6-month period of our analysis. Another condern
the red pixels (ground truth detect with no GLMead#ion) west of Peru/Chile (Figure 4). These virtua
network flashes may be caused by erroneous losafrom some of Vaisala’'s sensors, which are being
fixed (Said & Murphy, 2019).

Despite these data limitations, we are able toymwedtable DE and FAR values for most of the GLM-
16 and GLM-17 FOVs. The DE values improved rapiditil the time window was about 60wide
(shown in Figure 5) for both GLMs. After that pqithere was an incremental change up to the final

value min. Figure 12 shows the DE and WaRes for both GLMs at a time window width of

60S Emmmeudl S)- At the 68 time window width, the average DEs are: GLM-1@®1) and GLM-17
(0.84); the average FARs are: GLM-16 (0.18) and GL.M(0.38). Continued increases in the time

window size slowly improve the DE and FAR valuead aby min, we are approaching the

asymptotic limit of the DE and FAR improvements.yAimcrease beyon min would greatly
increase the chance of storm misidentification autrgreatly improving the DE or FAR values.

6 Concluding Remarks

GLM-16 shows an average DE of 0.97 across the F@Q¥ @LM-17 shows a DE of 0.93 at the
coincidence time window width min. Thesaners come from data for 1 Aug 2019 through

31 Jan 2020. The target specification for GLM is @rEater than 70% (Goodman et al., 2013; GOES-R
Series Data Book, 2019). So at the maximum timaadéence window, both GLMs well exceed this
target value.

GLM-16 shows an average FAR of 0.06 across the evR@QV while GLM-17 shows a FAR of 0.19
averaged across the whole FOV. Again, this wasgugie maximum time coincidence WindowE +

min. The specification value for FAR is less th& BGoodman et al., 2013; GOES-R Series Data

Book, 2019), so GLM-16 is slightly over that valaled GLM-17 is nearly 4 times higher than that value
Note that our previous work (Bateman & Mach, 20&®wed that FAR was only performing well over
CONUS and NW South America — exactly the regiongmehthe ground-truth data are of the highest
quality. Our new extended time coincidence techmidncreases that area to include much of the
WWLLN coverage, and we see that the FAR improvesily.
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Figure 1. Field of View (FOV) for both the GLM on GOES-Edbtue) and the GLM on GOES-West
(red). The combined GLM FOV covers most of Northekina, nearly all of South America, and much of
the eastern Pacific.

Figure 2. Flash density for GLM-16 (left) and the virtualwerk (right).
Figure 3.: Flash density for GLM-17 (left) and the virtuadtwork (right).

Figure 4. Comparison of DE calculated with a time window26fmin (left) and % (right). The upper
plots are for GLM-16 while the lower plots are f8LM-17.

Figure 5. DE vs. time window widths for GLM-16 (blue) and M®E17 (red). The tims is
marked with a dashed line. Past a time window widitB0s, the curves begin to flatten out.
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Figure 6. DE for GLM-16, using a time window width of 20in ([l Min). Shown is daytime
(left) and nighttime (right).

Figure 7. DE for GLM-17, using a time window width of 20in (e Min). Shown is daytime
(left) and nighttime (right).

Figure 8. Comparison of FAR calculated with a time window2gfmin (left) and Z (right). The
upper plots are for GLM-16 while the lower plote &or GLM-17.

Figure 9. FAR vs. time window widths for GLM-16 (blue) and.®&-17 (red).

Figure 10. FAR for GLM-16, using a time window width of 20in (el Min). Shown is daytime
(left) and nighttime (right).

Figure 11. FAR for GLM-17, using a time window width of 20in (el Min). Shown is daytime
(left) and nighttime (right).

Figure 12. DE (top plots) and FAR (bottom plots) for GLM-light plots) and GLM-17 (left plots),
using a time window width of 68 At this time window width, the average DEs &é&M-16 (0.91) and
GLM-17 (0.84); the average FARs are: GLM-16 (0.48) GLM-17 (0.38).

This article is protected by copyright. All rights reserved.



210W 180°W 150W 120W 90W 60W  30W

This article is protected by copyright. All rights reserved.



Latitude

GLM-16 (6 mos) Virtual Network Flashes (271.2 M)
T » P T

0.00

£ -57.00

L
-39.00 -15.00

00 -111.00 -87‘. 00 B -63‘.00 3§.00 - -15.00 -lli.DD -87‘.00 ) -63‘.00
Longitude Longitude

20 30 100 300 1k 3k 10k 30k 100k

This article is protected by copyright. All rights reserved.



GLM Flashes (43.6 M)

Virtual Network Flashes (271.2 M)

Latitude
0.00

3 .57.00

L
-96.00

, , , . ,
.00 -174.00 -148.00 -122.00 -96.00 -70.00 -174.00
Longitude

20 30 100 300 1k 3k 10k 30k 100k

This article is protected by copyright. All rights reserved.

-141‘3.00 -1ﬁ.o []
Longitude



Latitude
0.00

Latitude
0.00

Flash DE
GLM-16 (6 mos)

GLM Flashes (200.0 M)

GLM Flashes (200.0 M) Virtual flashes (271.2 M)
» = T

AvgDE 0.76

Virtual flashes (271.2 M)
T,

AvgDE 0.93

L L L
-111.00 -87.00 -63.00

GLM detect,nognd  LONngitude
gnd detect, no GLM

) s
-87.00 -63.00

_ 1500 |
Longitude DE fraction
0.0 025 05 07 10

Flash DE
GLM-17 (6 mos)

-15.00

AvgDE 0.71

GLM Flashes (43.6 M) GLM Flashes (43.6 M) Virtual flashes (271.2 M)
T T L =

Virtual flashes (271.2 M)

.
sl 4 N ': r - s
e ml - ml -
2 i i
5 ‘ ‘ , 1 ‘ ‘ , , W ‘
-200.00 -174.00 -148.00 B -122.00 -96.00 -70.00 | -174.00 -148.00 ) -122.00 -96.00 -70.00
Longitude DE fraction GLM detect, nognd  LONgitude

00 025 05 07 1.0 gnd detect, no GLM

This article is protected by copyright. All rights reserved.



Detection Efficiency (DE)

GLM DE
100

095 4

0.90 1

085 1

0.80 -

075 -

— GLM-16
— GLM-17

.70 i T T T T
0 200 400 B0 aon
time window width (s)

This article is protected by copyright. All rights reserved.

1000 1200




Flash DE
GLM-16 (6 mos; TWIN: 1200s)
T

AvgDE 0.98

GLM Flashes (34.5 M) Virtual flashes (39.9 M)
T

AvgDE 0.98

Virtual flashes (49.6 M)
8% ‘

GLM Flashes (26.7 M)
= " o~

i el .
R ™ 3 Ll
~ W B . TS F
— P . B ol
: 7

Latitude
0.00

72,
i

.00 —111.00 ai.oo B -63.00 -39‘00
Longitude

L L il L
-111.00 -87.00 -63.00 -39.00 -15.00

GLM detect,nognd  LONngitude
gnd detect, no GLM

-15.00
DE fraction

0.0 025 05 07 10

This article is protected by copyright. All rights reserved.



Flash DE
Virtual flashes (49.6 M) GLM-17 (6 mos; TWIN: 1200s) GLM Flashes (7.9 M)
= T 5 T

AvgDE 0.93 GLM Flashes (3.5 M)
T 2 g T o r il
g, . [
R N
Nl

Virtual flashes (39.9 M) AvgDE 0.94
L =

Latitude
0.00

-174.00 -148.00 -122.00 -96.00 -70.00 | -174.00 -148.00 -122.00 -96.00 -70.00
Longitude DE fraction GLM detect, nognd  LONgitude
0.0 025 05 07 1.0 gnd detect, no GLM

This article is protected by copyright. All rights reserved.



Latitude
0.00

AvgFAR 0.06
R

Virtual flashes (2
=

712 M)

Flash FAR

GLM-16 (6 mos) GLM Flashes (200.0 M) Virtual flashes (271.2 M)
= ! a~L,

AvgFAR 0.31

-

GLM Flashes (200.0 M)
" gL

o

£ -57.00

AvgFAR 0.19

.00

-87‘. 00 -63.
Longitude

L
-111.00

00

L
-87.00

-lli.DD -63.
Longitude

-15.00
FAR fraction
0.0 005 03 06 10

Flash FAR

-15.00

AvgFAR 0.49
-

Latitude
0.00

GLM Flashes (43.6 M)
8 T

Virtual flashes (271.2 M)
o -

GLM-17 (6 mos)
-

3 .57.00

.00

-14&‘!.00
Longitude

L
-122.00

s L
-148.00 -122.00

-70.00
FAR fraction Longitude

0.0 0.05 03 06 10

This article is protected by copyright. All rights reserved.



False Alarm Rate (FAR)

GLM FAR

05 4

04 -

0.3 A

0.2 1

01 1

0 200 400 600 BO0 1000 1200
time window width {s)

This article is protected by copyright. All rights reserved.



Flash FAR
Virtual flashes (49.6 M) GLM-16 (6 mos; TWIN: 1200s)
T s

AvgFAR 0.03
R - n

GLM Flashes (34.5 M)
1

Latitude
0.00

E |
- L
8 ;
Bl
TEE

1

[ | .

L]
-
(=]
8
~
? , \ , , , \ i ,
-135.00 -111.00 -87.00 B -63.00 -39.00 -15.00 -111.00 -87.00 ) -63.00 -39.00 -15.00
Longitude FAR fraction Longitude

0.0 0.05 03 06 10

This article is protected by copyright. All rights reserved.



Latitude

3 .57.00

Flash FAR
Virtual flashes (49.6 M) GLM-17 (6 mos; TWIN: 1200s) GLM Flashes (7.9 M)
= r 3 — T

AvgFAR 0.12 GLM Flashes (3.5 M)

Virtual flashes (39.9 M) AvgFAR 0.10
% L3

=)
Q
~
")

o
S|
=)

.00 -17)1\.00 -14&.00 B -12é.00 -95‘.00 -70.00 -171‘1\00 -14é.l)l) ) -lﬁ.OO -96‘. 00 -70.00
Longitude FAR fraction Longitude

0.0 0.05 03 06 10

This article is protected by copyright. All rights reserved.



57.00

28.50

This article is protected by copyright. All rights reserved.

-
DE fraction
- ul L GLM detect, no gnd s -
L) 00 025 05 07 10% gnd detect, no GLM Ry ~ )
T = - -
n . AS -
u .
- '. L] P
|}
2 ]
8 y I I#
; L]
|}
@
-] - [] - - ]
2s .
So -
‘—" - [ 1
| ]
u | | u
| ]
2 " . lu I
1 = - 4 J
-
f ™ L]
. u ‘ " [] . [ ] ‘
L | h u u [T L - -
- FAR fraction
8 =l "
B 00 005 03 06 10 ~
? , L L . i A . .
-200.00 -174.00 -148.00 12200 -96.00 -111.00 -87.00 R -63. -39.00 -15.00
Longitude Longitude



