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Copyright Notice

Copyright (2021). Triad National Security, LLC. All rights reserved.

This program was produced under U.S. Government contract 89233218CNA000001 for Los Alamos
National Laboratory (LANL), which is operated by Triad National Security, LLC for the U.S.
Department of Energy/National Nuclear Security Administration.

All rights in the program are reserved by Triad National Security, LLC, and the U.S. Department of
Energy/National Nuclear Security Administration. The Government is granted for itself and others
acting on its behalf a nonexclusive, paid-up, irrevocable worldwide license in this material to
reproduce, prepare derivative works, distribute copies to the public, perform publicly and display
publicly, and to permit others to do so.

NEITHER THE UNITED STATES NOR THE UNITED STATES DEPARTMENT OF ENERGY, NOR TRIAD
NATIONAL SECURITY, LLC, NOR ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR
IMPLIED, OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF ANY INFORMATION, APPARATUS, PRODUCT, OR PROCESS
DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS.

Version 1.0 Release Notes:

The first version of the gridded LANL VTEC data is v1.0. Future releases will be reflective of new
version numbers. Internal releases may not be released.

Acknowledgement request:

If you use these data products, please acknowledge the source as “The ISR EMP team at Los
Alamos National Laboratory”.
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Description of the contents:

These files contain data products derived from Los Alamos National Laboratory (LANL)
broadband radio-frequency (RF) sensors on Global Positioning System (GPS) satellites that
measure transient events in the very-high frequency (VHF, 30-300 MHz) range. As a RF signal
from transient broadband lightning events travels through the ionosphere, it is dispersed, so
lower frequencies arrive later in time than higher frequencies. This dispersion can be used to
determine the slant total electron content (STEC, or the integrated electron density along the
line of sight between the lightning location and the GPS satellite in medium Earth orbit (MEO)).
A mapping factor is used to project the slant TEC (along the line of sight) to a vertical TEC
(VTEC), which is the integrated electron density vertically above a given location. The VTEC
measurements from lightning events are combined in latitude, longitude, and time bins, and
the median VTEC in a given bin is provided in these data files. This binning creates a time and
spatial averaged sparse global TEC product from lightning events that can be used to compare
to other TEC measurement products such as from GPS ground-based receivers.

Data product:

An estimate of STEC is produced from a broadband signal processing algorithm between each
lightning location and all satellites detecting it. For this data product, the STEC is first projected
to a vertical TEC (VTEC) for each event (see below for conversion details). All VTEC
measurements are then binned in time and space, in a one-hour time window over a spatial
grid of five degrees longitude and five degrees latitude. The median of all VTECs in a given bin is
then reported. An example time period is shown in
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Figure 1. The data released are stored in a netcdf4 file with dimensions of longitude, latitude,
and time.
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Figure 1: Example of sparse global VTEC data for a single time period of 1 hour with resolution of 5 degrees latitude and 5
degrees longitude. The color bar indicates VTEC in each spatial bin in units of “TEC Units” (TECU; 1x10%¢ el/m?).

VTEC conversion:

An approximated VTEC can be generated for each line-of-sight using a STEC to vertical TEC
(VTEC) algorithm as illustrated in Figure 2. The line-of-sight of the STEC measurement passes
through the altitude of maximum ionospheric electron density (ionospheric pierce point, or IPP)
at a given location.
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Figure 2. Schematic of projection from line-of-sight to vertical ray passing through the IPP.

The STEC can then be projected onto a vertical ray that also passes through that IPP.

Figure 3 shows the geometry of the situation used in the STEC to VTEC conversion. Referring to
the right side of Figure 3:

e S—location of lightning event.

e |PP —location of ionospheric penetration point.

e Re—radius of (spherical) Earth, 6371.2 km.
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e el —elevation angle of satellite receiver relative to lightning event.
e H—height of IPP above Earth surface (we use a fixed height of 350 km).

! I ! 0 , 0 ,I

Figure 3: Geometry used in conversion from slant TEC to effective vertical TEC along the line of H, where [ is the angle as shown
in the left side and is used in the STEC equation. Other terms are defined as: S is the location of the lightning event, IPP is the
location of the ionospheric pierce point, R is the radius of the Earth (6371.2 km), el is the elevation angle of the satellite receiver
relative to the lightning event, and H is the height of the IPP above the Earth’s surface.

The relationship between VTEC and STEC is given by:

VTEC
STEC =
cosf
The angle B is computed from the Law of Sines:
. __ cos(el)
sin = 1+% ,

Leading to the final equation for going from STEC to VTEC using elevation angle, IPP height, and
the radius of the Earth:

2

VTEC = STEC |1 — [cos (ed/ (1 + g)]

The elevation angle is derived from the satellite position relative to that of the lightning source.
The STEC is calculated from broadband signal processing algorithms using an approximation of
the 1/f dispersion of the broadband RF signal.

Output file contents:

The LANL VTEC data product is organized in a netcdf4 file for each day of the year. The prefix of
the file name is LANLVTEC followed by a date, separated by an underscore, in YYYYDQOY format
(YYYY is the 4-digit year; DOY is the 3-digit padded day of year). The sparse results of VTEC are
organized inside the netcdf4 file along the dimensions time, latitude, and longitude. The
guantities in the file are described below:
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time double | seconds since 24 GPS start time of rolling 1 hr bin
1/6/1980
lat double | degrees north 24 latitude bin center (-60 degrees to +60
degrees)
lon double | degrees east 72 longitude bin center (-180 degrees to +180
degrees)
vtec double | TECU (1x10%¢ el/m?) 24x24x72 Median value of all VTEC estimates in bin

Because of the sparse nature of the lightning events there are grid cells with no data. These
cells are filled with a value of -999.

File organization:

All the DOY netcdf4 files are organized by year. New data releases will follow this folder
structure.
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File header:

netcdf LANLVTEC_2018001 {
dimensions:
lat = 24 ;
lon=72;
time =24 ;
nv=2;
variables:
float lat(lat) ;
lat:long_name = "latitude" ;
lat:standard_name = "latitude" ;
lat:units = "degrees_north" ;
lat:axis ="Y" ;
lat:bounds = "lat_bounds" ;
float lon(lon) ;
lon:long_name = "longitude" ;

lon:standard_name = "longitude" ;

lon:units = "degrees_east" ;
lon:axis = "X";
lon:bounds = "lon_bounds" ;
double time(time) ;
time:long_name = "GPS Epoch Time";
time:standard_name = "time" ;
time:units = "seconds since 1980-1-6 00:00:00 UTC" ;
time:axis ="T";
time:bounds = "time_bounds" ;
float lat_bounds(lat, nv) ;
lat_bounds:units = "degrees_north" ;
float lon_bounds(lon, nv) ;

lon_bounds:units = "degrees_east" ;
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double time_bounds(time, nv) ;
time_bounds:units = "seconds since 1980-1-6 00:00:00 UTC";
double tec(time, lat, lon) ;
tec:_FillValue = -999. ;
tec:long_name = "Vertical Total Electron Content (VTEC)" ;
tec:units = "10*16 electrons/meter2" ;
tec:comment = "TECU = Total Electron Content Unit" ;

tec:coordinates = "time lat lon" ;

// global attributes:

:ncei_template_version = "NCEI_NetCDF_Grid_Template_v2.0";

ititle = "LANL Gridded Vertical Total Electron Content (VTEC)" ;

:summary = "These files contain data products derived from Los Alamos National
Laboratory (LANL) broadband radio-frequency (RF) sensors on Global Positioning System
(GPS) satellites that measure transient events in the very-high frequency (VHF, 30-300 MHz)
range. As a RF signal from transient broadband lightning events travels through the ionosphere,
it is dispersed, so lower frequencies arrive later in time than higher frequencies. This dispersion
can be used to determine the slant total electron content (STEC, or the integrated electron
density along the line of sight between the lightning location and the GPS satellite in medium
Earth orbit (MEQ)). A mapping factor is used to project the slant TEC (along the line of sight) to
a vertical TEC (VTEC), which is the integrated electron density vertically above a given location.
The VTEC measurements from lightning events are combined in latitude, longitude, and time
bins, and the median VTEC in a given bin is provided in these data files. This binning creates a
time and spatial averaged sparse global TEC product from lightning events that can be used to
compare to other TEC measurement products such as from GPS ground-based receivers." ;

:keywords = "ionosphere, TEC" ;

:Conventions = "CF-1.6, ACDD-1.3" ;

iid = "LANL VTEC 2018";

-history = "LANL VTEC data derived from GPS lightning detections (v1.1)" ;

:naming_authority = "gov.lanl" ;
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.distribution = "UNCLASSIFIED / For public release" ;

:copyright = "Copyright (2021). Triad National Security, LLC. All rights reserved. This
program was produced under U.S. Government contract 89233218CNA000001 for Los Alamos
National Laboratory (LANL), which is operated by Triad National Security, LLC for the U.S.
Department of Energy/National Nuclear Security Administration. All rights in the program are
reserved by Triad National Security, LLC, and the U.S. Department of Energy/National Nuclear
Security Administration. The Government is granted for itself and others acting on its behalf a
nonexclusive, paid-up, irrevocable worldwide license in this material to reproduce, prepare
derivative works, distribute copies to the public, perform publicly and display publicly, and to
permit others to do so. NEITHER THE UNITED STATES NOR THE UNITED STATES
DEPARTMENT OF ENERGY, NOR TRIAD NATIONAL SECURITY, LLC, NOR ANY OF THEIR
EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY
LEGAL LIABILITY OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR
USEFULNESS OF ANY INFORMATION, APPARATUS, PRODUCT, OR PROCESS
DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY
OWNED RIGHTS.";

:standard_name_vocabulary = "CF Standard Name v77" ;

:creator_name = "Erin Lay, Jeff Tippmann";

:creator_email = "elay@lanl.gov, jtippmann@lanl.gov" ;

;institution = "Los Alamos National Laboratory” ;

:time_coverage_start = "2018-01-01 00:00:00 UTC" ;

:time_coverage_end = "2018-12-31 23:59:59 UTC" ;

:time_coverage_resolution = "01:00:00" ;

:geospatial_lat_units = "degrees_north" ;

:geospatial_lat_resolution = "5" ;

:geospatial_lon_units = "degrees_east" ;

.geospatial_lon_resolution ="5" ;

:cdm_data_type = "Grid" ;
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