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1.0 Data Set Description

● Introduction: Lightning Mapping Array (LMA) sensors were deployed at pre-designated
locations for each IOP. The array consisted of up to 8 NSSL sensors and 1 TTU sensor,
as listed in each Level 2 file header. The network was operated by National Oceanic and
Atmospheric Administration / Office of Atmospheric Research / National Severe Storms
Laboratory and OU / CIWRO staff. Data set includes Level 1 (VHF sources) files.
Additionally, IOP 4 was near the NALMA domain and includes sources identified by
NALMA (Lang et al. 2020).

● Creation date: 18 May 2023
● Data Status: Final
● Time period: All deployments between 8 February and 8 May, 2023. Approximately 48

hours of data collection per IOP.
● Physical location of the measurements: As listed in each Level 1 file header
● Data file intervals: 10 minutes

2.0 Instrument Description

● Each sensor records the timing and amplitudes of passively-received VHF (60-66 MHz)
emissions by lightning (and any other sources) in 80 microsecond windows. Using time
of arrival techniques, the sources of these emissions map out the three dimensional
structure of lightning flashes in space and time. The method of data collection and
method for performance estimations below can be found in Thomas et al. 2004 and
Chmielewski and Bruning 2016.

● Instrument photos:
https://www.flickr.com/photos/noaanssl/sets/72157719674219692/with/51371051850/

● Estimated network performance:
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IOP1, 15-17 February 2023. Left: Estimated flash detection efficiency based on local VHF noise
thresholds and covariance ellipse of horizontal errors based on instrument uncertainty for
sources with at least 5 stations contributing and a 7 km (MSL) source. Right: Altitude standard
deviation based on instrument uncertainty. 100 km radius from the centroid of the array shown
on both images.

IOP2, 2-3 March 2023

IOP3, 23-25 March 2023



IOP4, 30 March - 1 April 2023

IOP5, 3-5 April 2023

3.0 Data Collection and Processing

● Data was collected from each sensor immediately following each IOP, and processed
shortly thereafter.

● All data from the NSSL/TTU array was processed using lma_analysis v10.14.5R. All
NALMA data was processed as described in Lang et al. Combination included for IOP 4
as in the separated method of Chmielewski et al. 2022.

4.0 Data Format

All Level 2 data is stored in tabular, fixed-width formatted files compressed with gzip within the
YYYYMMDD directories by IOP date. Fixed width formatting described in each file header. Each
file contains 10 minutes of VHF events observed by the LMA and is titled following a
LYLOUT_YYMMDD_HHMMSS_0600.dat.gz naming convention. Each file has a series of
header lines at the top of the file including analysis version, active stations, analysis criteria,
summary information, creation date and formatting information. Data is preceded by by a “***
data ***” line. If no data is found, either through lack of weather or sensor issues, only the file



header will be present in the file.
** Column Names and Descriptions **
0: Time of VHF event – UTC second of the day
1: lat – decimal degrees
2: lon – decimal degrees
3: altitude – in meters above MSL
4: Reduced Chi^2 – Reduced chi^2 of the Marquart least squares solution for the VHF event
5: power – emitting power of the VHF event in dBW
6: mask – bitwise mask of the contributing stations to the VHF event solution in the order given
by the Stations mask order line. Note that station masks masks are not unique in combined
datasets of IOPs 2 and 3

5.0 Data Remarks

● PI's assessment of the data:
○ During IOP 2 there was a failure with the GPS cable on sensor H resulting in

untrustworthy timing, so H was removed from processing. 7/8 station network.
○ During IOP 3 there was a hard drive failure with sensor H, 7/8 station network.
○ During IOP 4 there was an issue with the antenna connectivity on sensor B, and

there were sporadic issues with GPS satellites with sensors B and R. They were
largely not coincident, so most periods had 6 or 7 sensors of the 8 contributing.
Additionally the NALMA network was operational throughout the period.

○ During IOP 5 there was an issue with the antenna connectivity on sensor B, 7/8
station network
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