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Space-based Component of the Global Observing System

(source, WMO Space Program)
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GOES-East GLM Overlap with MTGI1-LI
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Lightning Climate Data Requirements

Total Lightning Stroke Density
Thunder Hours The 2022 GCOS Implementation Plan

o Consistent, Harmonized Data
Global 10 km x 10 km (0.1 x 0.1 deg)
Temporal (Monthly, Daily, Hourly)

Space-based Optical:

/
Al pladl

o  NASA TRMM/ISS - LIS s
o NOAA/NASA GOES - GLM E
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o CMAFY-4-LMI &
o EUMETSAT MTG - LI
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Ground-based RF (commercial data): e
o GLD360 (Vaisala)

o  ENTLN (Earth Networks) GCOS - 244
GOOS - 272

o  WW.LLN (Univ. Washington)
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2022 GCOS 5-year Implementation Plan: Remaining and Additional Activities
Presented at AOPC28

. Activity

« TT-LOCA two-year extension planned principally to establish the stewardship of the Lightning
ECV. Naming a liaison to the AOPC for further coordination through 2024 also under

consideration to evaluate the space-based and ground-based ECV data sets, reprocessing, and
initial results from the MTG-LI.

« Continue outreach to operators of regional ground-based lightning networks to provide ECV
compatible data sets.

* Drafted a summary report to follow the initial GCOS-227 Report “Lightning for Climate”.

. Plans for ECV Data Stewardship

* Global VLF operators (GLD360, ENGLN, WWLLN) offered to provide stewardship, maintain and
update their ECV product (monthly gridded product, Thunder Hour)

 NOAA NCEI - stewardship of operational and GLM reprocessed data

« NASA - GHRC DAAC stewardship of the OTD/LIS reprocessed data, and Cloud Service landing
page (to be developed and coordinated with NCEI) for all Lightning ECV products.




Lightning and El Nino — Thunder Hours
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Above, Left - The total number of thunder hours for the year 2023 is averaged from three ground based _2MO _2!5 !.) 5' 2'5 5'0 00150 200 250
global lightning detection networks, (Vaisala GLD360, AEM ENTLN and UW WWLLN). Right -The thunder Thunder hour anomaly

hour anomaly for the year 2023 is calculated from the difference between the thunder hours in 2023
and the five-year average from 2018-2022. The enhancement of thunder hours on the west coast of

Colombia is attributed to increased convection arising from the sea surface temperature anomaly El

Nifio.

The thunder hour anomaly for the year 2023
calculated from NOAA’s Geostationary Lightning
Mapper (GLM) on the Geostationary Operational
Environmental Satellite GOES-16 compares well to
the 2023 anomalies calculated from ground-based

Fillekrug et al., 2024: Special Supplement to the Bulletin of the American lightning detection networks. The two

Meteorological Society Vol. 105 No. 8, August 2024 enhancements of thunder hours south of central
- _ America are attributed to the El Nifio phenomenon.




GLD360 Event density, collection radius: 15 km
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Geostationary Lightning and Atmospheric Composition Observations
* NO, production by lightning (LNO,) estimated using NO, from TEMPO and flashes from GOES-16/18 GLM.

* LNO, is injected primarily in the middle and upper troposphere where it leads to enhanced total reactive N, OH, and O,
and decreased CH,. Longwave radiation absorption by O; is increased and by CH, is decreased.

* Resolution of NO, product is as fine as 2.1 km n-s by 4.4 km e-w. Daylight scans performed every 40 to 60 mins.
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Attribution : How is the increase in high latitude

lightning linked to a warming Arctic?

WWLLN stroke density over the Arctic
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Arctic lightning densities recorded by the World-Wide Lightning Location Network (WWLLN) and averaged over the years
2010-2014, 2015-2020, and 2021. The lightning flash densities increased during 2015-2020 when compared to 2010-2014.
In 2021, northern Europe and much of northern Russia continued to experience higher overall lightning densities. Eastern
Russia and northern North America generally experienced less lightning than the previous 2015-2020 period.

BAMS Special Supplement Issue on Climate, 2022



GLD360 LIGHTNING EVENTS NORTH OF GIVEN LATITUDE
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Thunder Day Records

Status: of
TTLOCA requested assistance from  «

WMO/GCOS in obtaining the missing «
Thunder Day Records

A methodology developed by Lavighe .
and Liu, JGR 2019) can be used to
analyze the extended data base. | S outa ransire

« | .| I Data available but not transferred
45 | | SN Data exist but no plans to transter
| ] No data source yet identified
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A Look Ahead



Data Stewardship at NASA’s Earthdata Portal

CMR Search - Landing Pages for GHRC DAAC EOSDIS Collections (nasa.gov)

Some of the advantages of this dataset being accepted to a NASA DAAC are

#% | EARTHDATA Find a DAAC -

CMR Search S R S o  Cloud-based archive to enable easier access, processing in the cloud, and access to other
archived lightning data

Lightning Imaging Sensor (LIS) on TRMM Science Data V4
[ e ancousc [ vein ] . Long-term storage: This is more than a web page on a single server. The DAACs provide

free access for years to come, complete with redundant backups

. GHRC DAAC, through a user working group is developing visualization and analysis

tools to support science use
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Platforms Instruments
TRMM s o
World Wide Lightning Location Network (WWLLN) Monthly Thunder Hour Data
Data Formats Temporal Extent
0AC | Vorion 1]
Distribution: HDF4 - netCDF-4  1998-01-01 to 2015-04-08
ols @ The World Wide Lightning Location Network (WWLLN) Monthly Thunder Hour dataset is based on lightning observations fromthe World Wide Lightning
Data Centers Spatial Extent Lccancn‘ Hetwork‘ ‘he_data are provided at 0.05° latitude/longitude resolution. A thunder hour is defined as an hour during which thunder can be heard
Frre - i § N froma given location. Thunder hours are an intuitive measure of thunderstorm frequency where the 1-h interval corresponds to the life-span of most
NASA/MSFEC/GHRC Bounding Box: (40.0", 180.0 thunderstorms. This is an ongoing dataset beginning on 1 January 2013. Files provide total thunder hours each month.
40.0%, -180.0%)

N O A Rty e o Da:a‘l’clmaxs lvm;wlixh-m
NASA Earth Science Data portal web page for LIS monthly data sets. = -

NASA Earth Science Data portal web page for WWLLN monthly data sets.


https://cmr.earthdata.nasa.gov/search/site/collections/directory/GHRC_DAAC/gov.nasa.eosdis

Geostationary Extended ObserVations S
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Given a mature forward model, Sci Worksh j
observations can also be wiEllbe Uil o,

assimilated into NWP systems April 1-3, 2024, Albuquerque, NM

: I Major model '
comparison p to adjust model state Aprll 1-3, 2025, Texas Tech, Lubbock, TX

Lightning modeling framework

Italics indicate first steps using available or near-term tools and observations

Numerical Cloud microphysics * Scattering model
Weather Prediction

(WRF & \ 4

MPAS; idealized
cloud models) Electrostatic Charge

Synthetic optical
observation
4

Optical amplitude and
timing \ 4

' : - | N Lightning detection
v ™ . eOptical radiometry
Cloud observations: Discharge model _ * Channel Geometry

Satellite imagery . .
Weather radar propagation ¢ Radiated field

In-situ sampling model changg
Atmospheric Radio signals and e Electcr:statlc field
Storm environment composition effects W electric field changes ange

"Coupled meteorological and optical modeling of lightning”, presented to SNL by Dr. Eric Bruning, Professor and Dr. Kelcy Brunner,
Research Scientist, Texas Tech University Lightning Meteorology Group, 17 May 2023



Summary

| Lightning is a global Natural Hazard of great importance and interest

Exemplary lightning datasets — evaluating candidate data sets (satellite — Ground-
Based RF)
 Lightning Density
e  Thunder Hour (WWLLN, ENGLN, GLD360, GLM)
e Gridded at 0.1 x0.1 deg (GLD360, WWLLN, GLM, MTG-LI, Regional Networks)
* Developing input to the GCOS 5 — year Implementation Plan
* Archive and Stewardship in the cloud supported by the NASA GHRC
Hydrometeorology DAAC (Distributed Active Archive Center)

How might a lightning ECV be associated with other variables, such as clouds,

precipitation, composition, NOx, and surface observations (e.g., temperature, severe
weather reports), ENSO, MJO, Upper-Level humidity.

Raise lightning safety awareness — collaborate with WHO, WMO Disaster Risk
Reduction (Natural Hazards) Programme
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