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GLM and LMX Outline

e \Whatis GeoXO LMX?

e GLM and LMX - Sampling of Requirements (potential improvements)

e Applications - Current GOES-R Series GLM products, GLM into
Tools/Utilities, and Newer GLM Products

o MTG-LI

e Steps Toward GeoXO Integration

o MTG-LI data coming soon (Atlantic+ Coverage)
o Prototyping products and techniquest, proving ground, simulation
o Development, Testing and T20



What is GeoXO LMX?

The Geostationary Extended Observations (GeoXO) Lightning Mapper (LMX) will be a single
spectral channel instrument used to measure the location and intensity of optical transients

produced by lightning:

[ J
e detect other phenomenon (like bolides)
e integrated into NWS operations
[ J
GeoXO Constellation
(Y
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GEO-West GEO-Central GEO-East
Visible/Infrared Imager Hyperspectral Infrared Sounder Visible/Infrared Imager
Lightning Mapper Atmospheric Composition Lightning Mapper

Ocean Color Partner Payload Ocean Color

hosted on GEO-West and GEO-East - two flight models (FMs), with two additional optional FMs

provide continuity (and potential improvements) beyond the GOES-R Geostationary Lightning Mapper, GLM

LMX Planned for Geo-l1, Geo-12, Geo-I3 and Geo-l4




GLM and LMX - Sampling of Requirements

Resolution/GSD

Detection Efficiency

Frame Rate
Downlink Rate

Coverage

Product Latency

Navigation (INR)

FAR

8 km (FED family at 2 km)

Requirement: detection efficiency > 70%,
averaged over full disk and 24hrs (actual
performance is in range 70-90% range)

2 msec

7.7 Mbps

coverage up to ~54 deg N/S lat or roughly ~75%
of the Earth as seen from geostationary orbit

<20 sec latency in L1b
(FED family updated every minute)

Navigation error within £112 prad
(~1/2 pixel or ~4 km)

< 5% averaged over 24 hours

LMX Targets

<8 km (224 prad)

event detection probability over the coverage area
shall be greater than 70% after Level 1b processing

< 2 msec
< 75 Mbps when averaged over any 5 sec period

>84% of the Earth as seen from geostationary orbit
with no internal gaps in coverage.

<10 seconds ...from event detection through
generation of Level 1b products.

LMX navigation error shall not exceed 98 prad,
3-sigma, per axis, except during eclipse periods.

<5% averaged over 24 hours after Level 1b
processing



GLM Coverage (West and East)
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Geostationary Lightning Data Applications

GLM and LMX:
e essential tools for NWS and partner decision services
e critical measure of life- and property-threatening lightning hazard
e stand-alone datasets and as part of decision-assistance tools, aids forecaster situational
awareness in severe wx scenarios (and adds confidence to forecasts)
e intersects many NWS and partner mission service areas: aviation, marine, fire, public,
severe, tropical, such as:
o helps identify the location of potential wildfire ignitions and provides guidance to
early responders
o aids diagnosis and warning for tropical cyclones
o climate - lightning is indicator of inter-annual to decadal change, and key variable to
validate climate models (GLM, and later LMX): major contributors to global lightning
databases
e potential to improve weather model forecasts (e.g., improvement in short-term precipitation
forecasts)



GLM Base and Derived Products

Base Level-2 data - Events, Groups and Flashes available from PDA (NCCF?),
NODD and in GRB (20 sec batches)

Derived Products -

e Flash Extent Density Product Family

o Flash Extent Density (FED), Minimum Flash
Area (MFA),and Total Optical Energy ( TOA)-
(all at one 1-min refresh)

o Time averages of the FED family
(e.g., 5 min and 30 min averages)

e GLM into Blended Products and

Decision-Assistance Tools
o MRMS
o ProbSevere - LightningCast —



https://cimss.ssec.wisc.edu/severe_conv/pltg.html
https://www.star.nesdis.noaa.gov/goes/documents/GLM_Quick_Guides_May_2019.pdf
https://www.star.nesdis.noaa.gov/goes/documents/GLM_Quick_Guides_May_2019.pdf

GLM Products - Newer Arrivals

Data Quality Product - real-time per pixel detection efficiency (generally better near satellite
subpoint)

Background Product (~8km resolution near-IR GLM ‘Full Disk’)

Credit E. Bruning, Texas Tech, J. Patton, CISESS, and K. Thiel, CIWRO/SPC)



ENTLN and GLM Products in AWIPS

6 GLM Average Flash Area (km"2)|(lmin) Sat 15:35Z 18-May-19

ash Extent Density (flashes/min)|(lmin) Sat 15:35Z 18-May-19 16 GLM Total Optical Energy (fJ)|(lmin) Sat 15:35Z 18-May-19

Credit Joseph Patton (CISESS) and Steve Cobb (NWS WFO Tulsa) - Nov. 2020



GLM Minimum Flash Area

 MFA replaced Average Flash Area since it
more clearly accentuates the flash size
differential = more operationally useful

* Frequent, small flashes typically indicate
intense or strengthening convection

 Larger flashes can indicate well-defined
storm systems or weakening convection

* Occurrence and relative position of large
GLM flashes is indicative of the path
charged particles travel outside updrafts

* Robustness and displacement of lightning
within anvil and stratiform regions is
descriptive of storm system evolution and
severe weather potential
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Lightning Climatology

(from https://www.noaa.gov/jetstream/lightning)

00 01 02 04 06 08 10 20 40 60 80 100 150 20.0 30.0 40.0 500 70.0 Flashes km-2 yr-1
Annual number of lightning flashes based on observations from NASA satellites - From High Resolution Full Clir
Download Image

Lightning is most prevalent natural hazard on Earth: millions of flashes per year.


https://www.noaa.gov/jetstream/lightning

NWP Model Assimilation Plans

e GLM data is being assimilated in the prototype Rapid Refresh Forecast
System (RRFS-A) running at NCEP, which is under evaluation for
implementation

e Global Systems Laboratory continues developing GLM assimilation for future
RRFS versions, with recent tests taking place in JEDI. While this development




EUMETSAT MTG Lightning Imager

Sample data from the Lightning Imager on MTG-I1 became available
this year, with near-real-time data expected later this year.

Source

Credit



https://drive.google.com/file/d/1b6BU8MzQRr9BSg7JJYOAEuaJu9e_O_jF/view?usp=drive_link
https://drive.google.com/file/d/1b6BU8MzQRr9BSg7JJYOAEuaJu9e_O_jF/view?usp=drive_link
https://resources.eumetrain.org/data/3/362/362.pdf
https://www.eumetsat.int/media/52124

Coverage Overlap of GLM and MTG-LI

(and of LMX and MTG-LI)
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Exploring options for multi-sensor exploitation (GLM, MTG-LI, LMX, and ground based).

Ensuring smooth transition from GLM to LMX.




The Road to GeoXO/LMX - Looking Ahead

Further Leveraging of GLM

GOES-19 and New Product/Tools Integration

Performance improvements will continue where needed through
instrument setting adjustments and software modifications (e.g.,
advanced filtering). Continued efforts to remove or further reduce
any residual artifacts such as Sun glint, solar intrusion, subarray
boundary inconsistencies, any platform stability effects, FED
splitting.

MTG-LI Exploitation by NOAA and Partners

User Feedback

Prototyping and Pathfinders with Simulated LMX Data

LMX User Team, helping to chart the course
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Some References

GLM Quick Guide

GLM on VLab

NOAA/GOES-R GLM Page and GLM Fact Sheet
ProbSevere - LightningCast
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https://www.star.nesdis.noaa.gov/goes/documents/GLM_Quick_Guides_May_2019.pdf
https://vlab.noaa.gov/web/geostationary-lightning-mapper
https://www.goes-r.gov/spacesegment/glm.html
https://www.goes-r.gov/education/docs/Factsheet_GLM.pdf
https://cimss.ssec.wisc.edu/severe_conv/pltg.html
https://www.spc.noaa.gov/publications/thiel/grid-glm.pdf
https://www.spc.noaa.gov/publications/thiel/grid-glm.pdf
https://www.nesdis.noaa.gov/our-satellites/future-programs/geoxo/geoxo-lightning-mapper-lmx
https://sam.gov/opp/4342b9493a914c169de52f3e60839f38/view
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Thanks!

Questions/Discussion
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https://www.noaa.gov/sites/default/files/2022-11/bolt_blue_2017.pdf

