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About ARSET

« ARSET provides accessible, relevant, AGRICULTURE
and cost-free training on remote
sensing satellites, sensors, methods,

and tools.

CLIMATE & RESILIENCE
DISASTERS

i : : ECOLOGICAL CONSERVATION
« Trainings include a variety of

applications of satellite data and are
tailored to audiences with a variety of
experience levels.

HEALTH & AIR QUALITY

WATER RESOURCES

COVDIS®Y
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About ARSET Trainings

* Online or in-person

* Live and instructor-led or asynchronous and self-paced
« Cost-free

« Bilingual and multilingual options

« Only use open-source software and data

« Accommodate differing levels of expertise

* Visit the ARSET website to learn more.
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https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
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What is Lightning?

« High-current electrical discharge between
positively and negatively charged regions of a
thunderstorm.

« Can occur within a cloud, between clouds,
and between clouds and the ground.

« Asice particles within storm clouds grow,
collide, and break apart, smaller particles
acquire a positive charge and larger particles
acquire a negative charge. eSS 07

« These particles are separated under the
influence of gravity and updrafts within the e
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NASA-GHRC Lightning Primer .
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https://ghrc.nsstc.nasa.gov/lightning/lightning_primer.html

What is Lightning?

« Intra-cloud lightning is the most common. =

« Cloud-to-ground lightning makes up ~20% of
total lightning.

« Lightning heats the air to 30,000° C (54,000° F),
five fimes hotter than the surface of the Sun.
Makes the air hot and expand explosively,
producing booming sound waves — thunder. Crodit: NOAA

« 2Sound fravels at 330 m/sec, whereas Light
travels at 300,000 km/sec. Therefore, thunder
takes 5 seconds to travel a mile while lightning
travels the same distance in 5 microseconds!

Credit: GORDON GARRADD/SCIENCE PHOTO LIBRARY
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https://www.sciencephoto.com/contributor/gga/
https://www.nssl.noaa.gov/education/svrwx101/lightning/types/

Why Study Lightning?

« TApproximately 24,000 fatalities and ten times more injuries
result worldwide from lightning.

« More than 70% of lightning-strike survivors suffer from health
Impacts and permanent disabilities.

« Lighting is responsible for igniting many wildfires (Lightning-
Caused Wildfires).

« Lightning strikes on power lines and electrical poles result in
power outages (Common Causes of Power Outages).

« Lightning strikes generate an electromagnetic pulse that
creates a high-voltage power surge and damages
electronics and electrical appliances and equipment on the

ground.

« 2|t is predicted that over the US, a warming climate is likely to
increase lightning strikes. For every 1 degree C of warming,
lightning strikes will go up by approximately 12%.

Lightning strike in slow motion (Source:

'Jensen et al; 2023 Romp et al; 2014 NOAA)
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https://www.nifc.gov/fire-information/statistics/lightning-caused
https://www.nifc.gov/fire-information/statistics/lightning-caused
https://www.entergy.com/poweroutagecauses/
https://lightningmaster.com/4-types-of-lightning-damage/
https://lightningmaster.com/4-types-of-lightning-damage/
https://lightningmaster.com/4-types-of-lightning-damage/
https://pubmed.ncbi.nlm.nih.gov/28722949/
http://null/

Training Learning Objectives

By the end of this training, participants will be able to:
« |dentify common lightning causes, patterns, and potential for causing damage

« |dentify how space- and ground-based lightning observations are used to monitor lightning
frequency and intensity

* |dentify resources for accessing lightning data products
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Prerequisites

« Fundamentals of Remote Sensing
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https://appliedsciences.nasa.gov/join-mission/training/english/arset-fundamentals-remote-sensing

Training Outline

Part 1 Part 2 Part 3
Overview of Overview of
S CACAINE Qi Current Lightning Geostationary
History of Lightning : :
e o Data Products from Lightning Mapper
Remote Sensing (GLM), Lightning
and Ground-based Data Access, and
Measurements Applications
March 26, 2024 March 28, 2024 April 2, 2024
Time Time Time
Homework

Opens April 2 — Due April 17 — Posted on Training Webpage

A cerfificate of completion will be awarded to those who attend all live sessions and
complete the homework assignment before the given due date.
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How to Ask Questions

« Please put your questions in the Questions box and we will address them at the end of the webinar.

« Feel free to enter your questions as we go. We will try to get to all of the questions during the Q&A
session after the webinar.

« The remainder of the questions will be answered in the Q&A document, which will be posted to the
training website about a week after the training.
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Part 1 - Trainers

Amita Mehta Steven Goodman Christopher Schulz
ARSET Instructor Guest Instructor Guest Conftributor
NASA-UMBC-GESTAR || Senior Advisor, GeoXO Program Research AST, Meteorological
Thunderbolt Global Analytics Studies
NASA-GSFC NASA-MSFC
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Part 1
History of Lightning Measurements



Part 1 Objectives

By the end of Part 1, participants will be familiar with:

«  Weather Impacts: Societal Benefits of Observing Lightning
« Early History of Lightning Observations

« Observing Lightning from Space

« Lightning - Climate Variability and Change
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Weather Impacts on Society: Lightning Societal Benefits

« Improved forecaster and public situational
awareness and confidence resulting in
more accurate severe storm warnings
(improved lead time, reduced false alarms)
to save lives and property

« Diagnosing convective storm structure and
evolution

« Aviation and marine convective weather
hazards

-  Wildfire ignition

-

o TropiCQ| Cyc|one ]nfensi‘]’y Chgnge Forest Fires Volconic Ash Blizzards

« Decadal changes of extreme weather —
thunderstorms/lightning intensity and
distribution

Low data latency
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Lightning In-Cloud and Cloud-to-Ground
(We call this total lightning.)
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Lightning Initiation

f (-)
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From Krehbiel, P., 1986: “The Electrical Structure of Thunderstorms,” The
Earth’s Electrical Environment, National Academy Press, 90-113.
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MCS Electrical Structure: Leading Convective Line to Trailing
Stratiform

Conceptual model of the charge structure in mesoscale convective systems. Positive charge
regions have light shading and negative charge regions have dark shading.
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Stolzenburg, M., W. D. Rust, B. F. Smull, and T. C. Marshall (1998), Electrical structure in thunderstorm convective
regions: 1. Mesoscale convective systems, J. Geophys. Res., 103(D12), 14059-14078, doi: 10.1029/97JD03546
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https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1029%2F97JD03546&data=05%7C02%7Cjonathan.obrien%40nasa.gov%7C7053827df8104ca5a10c08dc3e27188f%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638453584827847428%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=vU3gHQr7xa3EczfL6z8X3yqUf8jUp2nYESkj%2BzvE0M8%3D&reserved=0

An air mass thunderstorm lifetime
is an hour or less.

« Small Air Mass Thunderstorm

— Huntsville “Monrovia” Microburst, 20 July
1986

— Pulse air mass storm, 65 dBZ max Z
— Pea-sized hail, 40 kt outflow
— 110 total lightning, 6 CG strikes

Cloud top temperatures continue cooling
after reaching the mature stage as cirrus
anvil fills imager fov
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......
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From Wakimoto and Bringi, 1988; Photos, K. Knupp
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Lightning Connection to Storm Updraft, Storm Growth,

and Decay

Total Lightning — Responds to
updraft velocity and
concentration, phase, type of
hydrometeors (the collection of
precipitation particle types in the
cloud — water drops, ice crystals,
graupel pellets, hail, snow),
integrated flux of particles

Dual-Pol WX Radar — Responds to
concentration, size, phase, and
type of hydrometeors — infegrated
over small volumes

g B

w, dBZ, HID

including snow including  supercooled rain
hail graupel rain

Adapted from Goodman et al, GRL, 1988; Wakimoto and Bringi, MWR, 1988; Kingsmill and Wakimoto,
MWR, 1991, Zeng et al., 2001, Gatlin and Goodman, JTECH, 2010
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Thunderstorm Lifecycle

Large Drops Observed at Ground
¥

Lightning Activity
20

Air Mass Storm
20 Jgly 1986

151 Maximum Outflow
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Adapted from Goodman et al, GRL, 1988; Wakimoto and Bringi, MWR, 1988; Kingsmill and
Wakimoto, MWR,1991, Zeng et al., 2001, Gatlin and Goodman, JTECH, 2010
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Lightning “Jump” Trends Depict Storm Intensification

Total Lightning Flash Rate Tendency — 0 AT, [o—
Relative to Tornado Modest " nghtmng
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National Average for Tornado Warning Lead-Time is 14 Minutes
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Lightning Detection Systems — Detection and Mapping

« Available Information as Input to Weather
Forecasting Models and Decision Support
Systems:

Thunder heard by human observer
Local electric field mill networks

High speed digital video cameras, all-
sky cameras

Short-range VHF in-cloud lightning
mapping (60-180 MHZ)

National cloud-to-ground lightning
mapping (LF, 500 kHZ)

International long range sferics
networks (VLF, 10 kHZ)

Sub-Orbital: Planes, Balloons, UAVs
(electrical, magnetic, optical)

Lightning optical imagers orbifing
Earth (GEO, LEO)

NASA ARSET - Infroduction to Lightning Observations and Applications

Lightning Detection Technologles

Lightning Power Spectrum

I.FI VLF
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Frequency (kHz)
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Lightning Detection Systems — Key Performance Measures

« Key Performance Measures:

— Detection Efficiency Lightning Detection Technologies _ .,

— Location Accuracy />\
— Flash Type /\
P o AN

—  Stability I
— Consistency >

Lightning Power Spectrum

100 1000 10,000 100,000
Frequency (kHz)

NASA ARSET - Infroduction to Lightning Observations and Applications




High Speed Digital Video - Lightning Flash 7500 fps

.
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Lightning Observations from Space - Early History

Lightning mapper 1990’s
sensor (Proposed)

coverage

Lightning
power
Launch Altitude sensitivity
Sutellite Spacecraft date Sensor (km) Period (watts) Footprint
Optical
050 2,5 1965,1969 Photometers 600 Moonless night ~108
VELA V 1970 Photodiodes 1.1x10° Day-night 10"'-10" Very wide
field of view
DNSP 1970 Scanning radiometer 830 Local midnight Sensitive 100 km
[DMSP-SSL 1974 12 Photodiodes 830 Local midnight 108-10" 700 km
1DMSP-PBE 2,3 1977 2.5 mm photodiode 830 Dawn/dusk 4x10°-10"° 1360 km
581-1 (SEEP) 1982 Particle spectrometer 230 Night 10R 100 km
Airglow photometers
(391.4, 390.8, 630.3 nm)
Space shuttle-NOSL  1981-1983 Photocell plus film 150 Sl%%ttlf f}fggts NA Variable
Space shuttle-MLE 1988 Payload bay video 150 STS-26, 30, 32,34 NA Variable
cameras
(iPS-NDS 1983 Photodiodes 2x10* Continuous 2x10%-2x10" Wide field of view
RI
ARIEL-3 1967 HF radio receivers 600 ‘Iris’ effect
5,10, 15 Mhz
RAE-1 1968 HF radio receivers 5850 Day/night RF [onosphere
0.2-9.18 MHz structure
dependence
[SS-b 1978 HF radio receivers 1100 Several
2.5, 5,10, 25 MHz hundreds of
kilometers
EOS/TRMM 450 kmx450 km field
Lightning imaging 1997 CCD Array Low earth Continuous coverage 10%-10" of view with 3.5 km
sensor orbit within field of view pixel resolution
Goes-Next Late CCD Array Geostationary Continuous 108-101 10 km

Goodman and Christian, 1993
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Early Observations

« The fact that lightning could be
seen from high altitudes was noted
in anecdotal form by the early U-2
pilots, and more focused
observations were reported by the
Apollo and early Space Shuttle
flights. Simple camera systems were
used to record what they saw.

U-2 (NASA 709) in flight over Golden Gate Bridge, San Francisco, CA, 1988
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Astronauts have observed lightning from space since
the 1960s.

Lightning Storms from Uganda to Zanzibar Island

Videos produced by the Crew Earth Observations group at
NASA Johnson Space Center

For replication and crediting information, please see our guidelines
on our main video page.
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Lightning Science Traceability Matrix

Science Measurement Instrument Mission
Obijectives Requirement Requirement Requirement
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* * * Total (IC+CG) Lightning Rate * * * *
* * * * * Uniform Detection Efficiency (Spatial) * * * *
* * * * * Stationary Detection Efficiency (Temporal) %* * *
* * * * Continuous Observation * * * * * * *
* * * * Rapid-Update Sampling * * * * *
* * * Large-Area Coverage %* * * * * *
* * * * * * Storm-Scale Resolution * * * * *
* * * * * * High Localization Accuracy * * *
* * * * High SNR / Low FAR * * * *
* * * Colocation of FOV w/ Surface Obs *
* %* * * Continuous Obs, Many Convective Regimes * * * * *
* Continuous Obs, Many Severe Storms * * * * *
* * Continuous Obs, Offshore Regions * * * * *

Table L-3: Science Traceability Matrix
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GLM Lightning Detection — How it Works

Lightning from Space:

— Lightning appears like a pool of
light on the top of the cloud as the
discharge lights up the cloud like a
light bulb.

Daytime Challenge:

— During the day, sunlight reflected
from the cloud top totally “swamps
out” and masks the lightning signal.
Daytime lightning detection drove
the design.
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GLM Lightning Detection — How it Works

 The Solution:
— Special technigues must be

applied to extract the weak,
transient lightning signal from the

bright background noise.

Spatial

Optimal
sampling

of lightning
scene
relative to
background
scene.

Pixel field-of-

view 4-10 km.

Spectral

Optimal
sampling

of lightning
signal
relative to
background
signal.

LIS uses Tnm
filterat 777 .4
nm.

IRRADIANCE (Wm * nm ')

e REBEENEEEERY
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Temporal

Optimal
sampling

of lightning
pulse relative
to
background
signal.

LIS/GLM use 2

ms frame rate.

40—




GLM Lightning Detection — How it Works

« Even with spatial, spectral,

and temporal filters, Background
background signal can Subtraction
] H : Optimal
exceed lightning signal by o biraction of
100 to 1 at the focal plane. background
signal levels at
each pixel.

« The first step is a frame-by-
frame background Transient events
subtraction to produce a it
lightning-only signal.

SIGNAL LEVEL

SIGNAL LEVEL

FLUCTUATING BACKGROUND SIGNAL LEVEL

LIGHTNING SIGNAL
S&P‘EW&D WITH BACKGROUND

§§

Bacaal

e L L T Tri—

P—

-
4
m

« Filtering results in 10° CeiSnat
reduction in data rate
requirements while
maintaining high detection e
efficiency for lightning.

Background Scene +
Optical Transients

.

Optical
Transients

Programmable
Threshold

Optical
Transients

COMPARATOR

A
B

B>A

(b)

Qualified
Lightning
Events
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OTD and LIS

Optical Transient Detector (OTD)
MicroLab-1

LAUNCH
April 1995

DATA
May 1995 - April 2000

ORBIT
70° inclin., 735 km (detects to ~75°)

FIELD OF VIEW
1300 x 1300 km
DIURNAL CYCLE
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- sampled in 49 days
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Lightning Imaging Sensor (LIS)
Tropical Rainfall Measuring Mission (TRMM)
LAUNCH OPERATIONAL FOR
November 1997 17 YEARS!

DATA

ORBIT
35° inclin., 350 km (boosted to 400 km in 2001)
(detects to ~38°)

FIELD OF VIEW
600 x 600 km

—
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Global Distribution of Lightning: Early Results

s

OtD —.Op’ri.col TrOnSi,em Detector o i Goodman et al., 2007. Glimpses of a Changing
LIS - Lightning Imaging Sensor T Planet, M. King, ed., Cambridge University Press

0.1 I 10 80
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Lake Maracaibo, Venezuela

* Has the greatest lightning frequency on Earth

Daytime (06 to 17 LST) flash rate density (fl km‘zyr‘1) Nighttime (18 to 05 LST) flash rate density (fl km‘zyr‘1)
2 2 L
>50 >50
S 40 A 40
30 30
20 20
L 10 o 10
-~ 8 - 8
e 6 = 6
Q o Q. o
s T ; s - ;
s 1 S 1
® 0.8 ® 0.8
0.6 0.6
0.4 0.4
0.1 0.1
-76 -74 -72 -70 -68 -66 -76 -74 -72 -70 -68 -66
longitude (°) longitude (°)

Total lightning observed during daytime (left) and nighttime
(right) by the NASA TRMM Lightning Imaging Sensor
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LIS on the International Space Station (ISS) - Greater Coverage

 February 2017 — November
2023

« Global Coverage (%) of all
lightning for LIS/ISS (between
red dashed lines) = 81% (98%)

 Global Coverage of LIS/TRMM
(data shown above) = 62%
(0% )

" TR 801 {1 D e
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Max Coverage Extent to Latitude o 54.3 degrees

Lightning Flash Rate (FL yr' km?)

o 1 2 4 6 8 1 2 4 6 8 10 20 30 40 50
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The GOES Geostationary Lightning Mapper (GLM)
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The GLM Insirument

« GLMis a near-IR staring detector that
continuously maps in-cloud & cloud-to-ground
lightning with near uniform spatial resolution.

o 8 Bl

GLM Electronics Unit and Sensor Unit ABIl and GLM Installed on GOES-R
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GLM Field of View - GOES E, W

« Combined field-of-view of the Geostationary Lightning Mapper (GLM) from the East (bold outline
centered at 75W and West (thin outline centered at 137W positions. The lightning statistics are
derived from measurements from the LIS (January 1998-December 2010) and the Opftical Transient
Detector (OTD) (May 1995-March 2000) (Cecil et al., Atmos. Res., 2012).

Ammagberic Ressarch D5-176(2003) 3-8

Caontents lists available ot Soiviorsa ScienceDimat

Atmospheric Research

journal homapaga: www.alsaviar.com/locats/atmos

The GOES-R Geostationary Lightning Mapper (GLM) @,mm

Steven J. Goodman =¥, Richard | Blakeslee ®, William J. Koshak ", Douglas Mach &,
Jeffrey Bailey ©, Dennis Buechler , Larry Carey ©, Chris Schultz , Monte Bateman ¢,
Eugene McCaul Jr. ¥, Geoffrey Stano ®

- Magional Oramic and Asnsghec Adnisirasion (NDAANSDEGER), Graenbely MWD, LEA

" NAEACoorge © Moshall Space Righs Comer NSTC, Hensvill, AL LEA

& The Uinive sy of Absberaa i Hansvilk, Hiswille, AL 1A

< Wafversines Sance R st ach Acsorias, Huamvlh, AL, LISk
* NS, e, Hensmil, AL UEA

ARTICLE INFO ABSTRACT

Atk N The v Opeatmal Bnv Lt Roseries (GOES-R) isthe next blodk of faur
Received 35 Auges 200 sawellies to fdlow the existing COES mnsted gtion cumently opemting ower the Wistern
R vt Sarm 3 jansary 2003 pt ervaft and instrument terhnodogy will support expanded detection of
ecceped 20 Jamaary 2003 emvironmental phenomena, r=ulting in mare timely and acurate foremss and wamings
Araible anline 4 Febeary 200 Advaneemens owr curent COES cambilifes inclde 2 new apability for iotad lighining

detection (daud and dloud-to ground flashes) from the CeosSionary Lightning Mapper (CIM),

et and imprved doud and moisture imagery with the 16-channed Advanced Breline imager (AR
L The CIM will map total lightning actvity continuously day and might wigh near-uniform
Egi:’n:::”w ‘stomm-scale spaial resolution of & km with 2 prduc refresh rate of kss fun 20 5 cwr e
Mweaising y Amenicas and ad jacent oceanic regons in ghe wesem hemisphere. This will 2id in forecsing

severe storms and omado adivity, and comvective weather impacks on awation safety and
efficency. In paallel with the instrument development, an Algorithm Working Croup (AWC)
Lighming Detersion Soence and Applications Team dewdoped the lewel 2 (stroke and fhsh)
alparithms from the Leveld 1 lightming event | pcd level) data. Py dat setsused in develop the
GIM algorithms 2 wal Iwval mamitziring tools were derived fom
tthe NASA Lighming Imaging Sersor (LK) and Opticll Transient Detertor | (7TD) instruments in
low Earth arhit, and from ground-hased lightning networks and imtensive prelaunch fidd
ampaigns. The CIM will produce the same ar similar lightning flash asritues provided by the
LI and (7D, and thus extend their aombined climasmlogy over the westam hemisphere ini the
@ming decades. Sime and applicio devedopment dong with preoperatioral preduc
demansirations and evakutions at MWS fommst offies and NOAK testheds will prepar the
fneasiers toume GLM 25 soonas possibile ferthe plunned | amchand chedbout of COES-R in Lee
2015 Mew applications will use CIM alone, in combinaion with the AL or inegrabed (fused)
with ather awilibk took | weather radar and ground sirike networks, nowcasting sysbams,
mesoscale analysis, and numenicll weather predicion models) in the hands of the forecaer
mesponsibile for issuing mor tmelyand acurze faeastsand wamings.
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The Global Satellite Observing System - Building the Geo-Ring

“A-Train” Sentinel 3
GCOM-W / Aqua / Calipso /Cloudsat H'M'g‘,‘g’AR'
GOES-W ‘\ (Japan)
3rd generation [ 140°E
(USA) Al
137°W et _J GEO-KOMPSAT

(South Korea)

128°E

G18-GLM | sy N i

GOES-E > \ » ,
3rd , ] % FY-4
generation M | . 3 o (China)
(;Jssow : ¢\ . 105°E
S - Cosnic.s 7 , o FY4a- LMI
G16-GLM

MTG 11-LI ]
" FY-2
T (China)
e 79°E
i .ugl
N I
METEOSAT INSAT-3 Electro-L
3rd generation (India) (Russia)
(EUMETSAT) 74°E 78°E
00
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Lightning for Climate Value Proposition

Why Lightning for Climate

An Essential Climate Variable (ECV) is a
physical, chemical, or biological
variable or group of linked variables
that critically conftributes to the
characterization of Earth’s climate.

ECV datasets provide the empirical
evidence needed to understand and
predict the evolution of climate, guide
mifigation and adaptation measures,
assess risks, enable attribution of
climate events to underlying causes,
and underpin climate services.

They are required to support the work
of the UN Framework Convention on
Climate Change (UNFCCC) and the
Intergovernmental Panel on Climate
Change (IPCC).
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Lightning is one of the Essential Climate Variables (ECVs) in
the WMO Global Climate Observing System (GCOS).

Combined G16 and G17 combined mean GLM flash density (left) and anomaly (right) for
2022 relative to the 2019-2021 mean.

Triple-dip 3-year La Nina ending in March 2023
COVID-19 with reduced industrial emissions " <)I:‘\IT2|'(|)'52§L'MATE
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Monthly TRMM and ISS LIS Flash Rate
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Thunder Hour

« The lifetime of an ordinary thunderstorm is ~1 h and
thunder can be heard by a human observer up to
~15 km distance.

« The corresponding definition of the thunder hour is
that at least two lightning flashes were located within
one hour at <15 km distance from a given location.

« The mapping of thunder hours enables the
characterization of thunderstorm frequencies around
the world that are indicative of high impact weather
and lightning hazard.
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El Nino 2023 Thunder Hour Anomaly

GLM16 2023 thunder hour anomaly
Max over land = 487 hr at (1.25,-78.55)
o

WWLLN 2023 thunder hour anomaly
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The thunder hour anomalies in 2023 are calculated against the preceding five-year average of annual
thunder hours (2018-2022). The resulting thunder hour anomaly map for 2023 exhibits a large enhancement
over the Eastern Pacific Ocean and Southeastern Brazil, attributed to increased East Pacific SST associated
with the El Nino that started in 2023.
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Attribution: How is the increase in high latitude lightning linked

to a warming Arctic?

WWLLN stroke density over the Arctic

(a) 2010-2014 (b) 2015-2020
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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
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overall lightning densities. Eastern Russia and Northern North America generally experienced less lightning than

the previous 2015-2020 period.
BAMS Special Issue on Climate, 2022



High Latitude Lightning

GLD360 LIGHTNING EVENTS NORTH OF GIVEN LATITUDE
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Courtesy Vaisala, Inc.
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WWLLN Stroke Density Map for JJA 2021

Anchorage (61N, -150W) -

Spatial distribution of lightning sfroke 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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‘( GeoXO Lightning Mapper: LMX

75W, 137W Coverage
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Summary

« Lightning is a global natural hazard of great significance.
« LMX s an evolutionary advancement over GLM.

«  How might a lightning ECV be associated with other variables, such as clouds, precipitation,
composition, NOx, surface observations (e.g., temperature, severe weather reports), ENSO, MJO,
and upper-level humidity?

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

Websites: A New”Génreraﬁon of Géosiationary I‘:'anil;brnménrtali Séteilitéé
e https://www.goes-r.gov/ i) s

- - s AVAILABLE
e https://rammb-slider.cira.colostate.edu/ e N Eeae '

« https://satelliteliaisonblog.com/

« http://cimss.ssec.wisc.edu/goes/goesdata.html

« hitps://lightning.umd.edu/alm/

« hitps://ahrc.nsstc.nasa.gov/lightning/

« https://www.ncdc.noaa.gov/data-
access/satellite-data/goes-r-series-satellites

https:/bit.ly/20U2uRA
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https://www.goes-r.gov/
https://rammb-slider.cira.colostate.edu/
https://satelliteliaisonblog.com/
http://cimss.ssec.wisc.edu/goes/goesdata.html
https://lightning.umd.edu/glm/
https://ghrc.nsstc.nasa.gov/lightning/
https://www.ncdc.noaa.gov/data-access/satellite-data/goes-r-series-satellites
https://www.ncdc.noaa.gov/data-access/satellite-data/goes-r-series-satellites

Homework and Certificates

« Homework:
—  One homework assignment
— Opens on 04/02/2024
— Access from the fraining webpage
— Answers must be submitted via Google Forms
— Due by 04/17/2024

» Cerlificate of Completion:
— Attend all three live webinars (attendance is recorded automatically)
— Complete the homework assignment by the deadline

— You will receive a certificate via email approximately two months after completion of the
course.
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Contact Information

Trainers:

Steven Goodman

steven.goodman@nasa.gov

Amita Mehta

AMmita.v.mehta@nasa.gov
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ARSET Website

Follow us on Twitter!
— @NASAARSET

ARSET YouTube

Visit our Sister Programs:
& DEVELOP
@ SERVIR



mailto:steven.goodman@nasa.gov
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.youtube.com/user/NASAgovVideo/playlists
https://appliedsciences.nasa.gov/what-we-do/capacity-building/develop
https://www.nasa.gov/mission_pages/servir/index.html

Thank Youl!
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