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• Combined G16 and G17 GLM flash density and anomaly for 
2022 that are calculated relative to the 2019-2021 mean.

• Triple-dip 3-year La Niña ending March 2023
• COVID-19 with reduced industrial emissions

Lightning is one of the Essential Climate Variables in 

the WMO Global Climate Observing System (GCOS)

Upcoming: AMS 2024 Session on Climate Variability and Change



Space-based Component of the Global Observing System 
(source, WMO Space Program)

G16-GLM

G18-GLM

MTG I1-LI

FY4a- LMI



GeoXO-S1

GeoXO-S2

GeoXO-I1

GeoXO-I3

JASD JOINT AGENCY
SATELLITE DIVISION

JPSS-4 

JPSS-3 

NOAA-21

METOP-C 

(EUMETSAT)

NOAA-20

JASON 3 (NOAA/EUMETSAT)

METOP-B

(EUMETSAT)

SUOMI NPP

GOES-17

(on-orbit spare)

GOES-U 

DSCOVR – L1

SWFO – L1 

QUICKSOUNDER

GeoXO-I2

GeoXO-I4

GOES-16

GOES-18

GEOSTATIONARY MISSIONS

U.S. LEO MISSIONS

INTERNATIONAL LEO MISSIONS

MISSIONS BY ORBIT

FORMULATION

IMPLEMENTATION

OPERATIONS (NOAA 

AND/OR EUMETSAT) 

MISSIONS BY PHASE

NASA, February 2023 4



Lightning Climate Data Requirements

Top) Lightning Imaging Sensor (LIS) seasonal lightning density anomalies for 
March-May 2020; Bottom) Combined G16 and G17 GLM flash density anomaly 
for 2022 that are calculated relative to the 2019-2021 mean.

• Space-based Optical:

o NASA TRMM/ISS - LIS

o NOAA/NASA GOES - GLM

o CMA FY-4 - LMI

o EUMETSAT MTG - LI

• Ground-based RF (commercial data):

o GLD360 (Vaisala)

o ENTLN (Earth Networks)

o WWLLN (Univ. Washington)

o Regional Networks (IC/CG)

• Total Lightning Stroke Density 

o Consistent, Harmonized Data

• Global 10 km x 10 km (0.1 x 0.1 deg)

• Temporal (Monthly, Daily, Hourly)

Space-based: Total Lightning Flash Density
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Mean annual ENGLN thunder hour counts for the entire globe from 2015-2019. 
(DiGangi et al., 2022, BAMS Early Online Release: 10.1175/BAMS-D-20-0198.1.
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Courtesy of Ryan Said, Vaisala
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Metadata

• Metadata – Product = Total Lightning Stroke Density 
• Satellite imagers optical flash density vs ground-based RF network 

stroke density (Global and Regional Networks) - Complementary
• How is satellite event/group/flash related to RF strokes?

• Toward harmonized, consistent space and ground-based data set(s)
• Desire for # stations (ground-based), Detection Efficiency, resolution 

(time, space), and other cal/val performance parameters (e.g., 
network flash type – IC/CG discrimination) needed to make a 
climate data set most useful. 

• Note no network or space measurement is 100% DE effective over 
its entire coverage area.  



Climate Change and Adaptation



BAMS Special Issue on Climate, 2022

Attribution : How is the increase in high latitude 

lightning linked to a warming Arctic?

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.
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Spatial distribution of lightning stroke density (strokes/ km2/year) in June, July and August 

(JJA) months of 2021 above 65◦N (Saha et al., Atmos. Res., 2023). 
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Projected increase in lightning strikes in the United States due to global warming

DAVID M. ROMPS , JACOB T. SEELEY, DAVID VOLLARO, AND JOHN MOLINARI
SCIENCE, 14 Nov 2014, DOI: 10.1126/science.1259100

Here we propose that the lightning flash rate is 
proportional to the convective available potential 
energy (CAPE) times the precipitation rate. Using 
observations, the product of CAPE and precipitation 
explains 77% of the variance in the time series of total 
cloud-to ground lightning flashes over the contiguous 
United States (CONUS). Storms convert CAPE times 
precipitated water mass to discharged lightning energy 
with an efficiency of 1%. When this proxy is applied to 
11 climate models, CONUS lightning strikes are 
predicted to increase 12 +/- 5% per degree Celsius of 
global warming and about 50% over this century.

https://doi.org/10.1126/science.1259100
https://doi.org/10.1126/science.1259100


2022 GCOS AOPC IP – Lightning Actions
Accomplishments, Status, and Plans

BAMS SotC, August 31, 2022
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Summary

2022 GCOS 5-year Implementation Plan: Remaining and Additional Activities

• 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.


