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Introduction and Motivation

A Meteosat Third Generation (MTG) launched in December i Flexible
Combined Imager (FCI) and Lightning Imager (LI)

A Geostationary (GEO) satellites (GOES-R series, Fengyun-4, MTG) for
continuous cloud characteristics and lightning locations

GEO imager
data (various
bands)

Meaning and GEO storm cell
interpretation of lightning

GEO lightning trends

Abrupt changes
In lightning
activity ( trends )

GEO cloud
characteristics Correlations? Meanings?
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VM cuversar NWCSAF nowcasting software

RMI

A NOWCEISting based on satellite RDT - CW significant cells on top IR12 background

: i image and GLM flash density
imagery (here GOES-16) (2020 -06-05 03:10Z -03:20Z)
A NWP data and observations, e.g., GLM flash density [(1° x 1° - 10min)~"]

lightning records, as optional import

A Identification of cloud cells

A Cloud cell characteristics and
GEOQO lightning

A Automated storm tracking:
Rapid Developing Thunderstorm
Convective Warning (RDT-CW)

T00°W 90°W ' o

110°W
package
Triggering from Split m—— Maturity =~ Tower top
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Y Data and methods

A National Centers for Environmental Information (NCEI) severe weather
reports database

A ECMWF Numerical Weather Prediction (NWP) data

A GOES-16 Advanced Baseline Imager (ABI) and Geostationary Lightning
Mapper (GLM) observations

A Automated detection of Lightning Jumps (LJs) and
Lightning Dives (LDs) for RDT cloud cells

A 51 cloud cell characteristics: ABI channels and physical characteristics

A Cloud cell categories: distinguish cloud cells based on occurrence of
NCEI reports, GLM lightning (identify thunderstorms), LJs, LDs
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T} Workflow

NWCSAF cloud — Lightning NCEI severe
jumps/dives weather reports

cells

7 N 7

: Cloud cell
Evaluation :
categories

Results
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Results overall

- categories
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J 0 Ex.: Max convective rain rate (CRR)

RMI

Fig. : Maximum estimated CRR during the cell lifecycle for thunderstorm cell categories.
af'shows the mean, & the median for each category.

A Comparison of

XxEXxEXEXEXEXE XEXEXEXE XxEXxEXxEXxEXEXxE xE xExExE xE
A High CRR for cloud cells £ %0 ; ‘
with LJs, LDs and/or severe z*
weather events : 7
20 A
A LJ count with low
correlation to max CRR

Thunderstorm (TS) category
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.‘ = WV62-|R112 (trajectory average over 90" percentile)

RMI

A Brightness temperature
difference (BTD)

A WV6.2: upper troposphere

WV (~340mb)
A IR11.2: cloud top height

A small negative values and
positive values mean high
cloud tops in moist upper

troposphere

04 Sep 2023

Fig. : Brightness temperature difference (BTD) of WV6.2

-IR11.2. The average over the 90
percentiles BTD for each time step during the cloud cell lifecycle for thunderstorm cell
categories. ofshows the mean, & the median for each category.
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Thunderstorm (TS) category




Results A Normalized characteristics: range 0 to 1
A Normalization based on overall minimum

.|. Ce”S W|th LJS and maximum

A compare different categories
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J U Cloud cell characteristics i LJ vs no LJ
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gle LJ vs multiple LJs
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o

A Cloud cell categorization through GLM lightning trends (LJs, LDs) and
NCEI severe weather reports

A Satellite-based physical cloud cell characteristics
A LJs, LDs: Indication of well organized, deep convection, high rain rates

A Multiple LJs: Above-average overshooting top count and strength A
correlation with updraft strength

A Cloud cells with LJs and/or LDs: similar characteristics as cloud cells that
produced severe weather

A Next: more cases (here only June 2020), Summer/winter difference (?),
prepare a 2" paper (on recent results)
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The RMI provides reliable public service realized by
empowered staff and based on research, innovation
and continuity.

Het KMI verleent een betrouwbare dienstverlening
aan het publiek en de overheid gebaseerd op
onderzoek, innovatie en continuiteit.

L'IRM fournit un service fiable basé sur la recherche,
I'innovation et la continuité au public et aux autorités.

Vertrauenswirdige Dienstleistungen fur
Offentlichkeit und Behorden begriindet auf
Forschung, Innovation und Kontinuitat.
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Y Backup slides
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Basics
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Yl Geostationary Lightning Mapper (GLM)

RMI

A Total lightning (CG + IC)
A Day- and nighttime

A Cloud top illumination El

A Optical lightning
observation at 777.4nm

A Narrow band of 1nm /

Source: https://Weather.'z:om/news/weather/news/lightning -mapper -goes -16 -satellite -images

A Platform: GOES-16, 17, 18*
*only GOES-16 GLM used here Animation: https  ://youtu.be/Jcx7gv  -LaKs

(e.g., Goodman et al. 2003, Mach 2020)



My previous
work

04 Sep 2023
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Moataset

A GOES ABI and GLM imagery
A GOES-16 field of view limit to the CONUS

A National Centers for Environmental Information (NCEI) weather report
archive A ground truth + verification of LJs

A June 02-10 in 2020
A Almost 20,000 thunderstorms analyzed
A About 5% of the thunderstorms with LJ and/or NCEI severe weather report

A Comprehensive analysis of satellite cloud cells characteristics and
observed LJs/LDs
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RMI

A NCEI report within satellite
scan interval (10 minutes
for GOES-16) and less than
50 km from the cell contour
matched to that cell

A 1 NCEI report only matched
to the closest cell at report
time (often within the cell
contour)

A NCEI report not matched to
any cloud = false report

04 Sep 2023

Y0 Matching of RDT cells and NCEI reports

and RDT -CW cells for 2020 -06 -02

pink )

Map NCEI reports
(severe cells with NCEI report

e 3 s———

_____
ESN O Ay

Tornado
Severe hail
Severe wind

120°wW

- Severe cell
Cloud cell

100°W  80°W 60°W
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RMI

Lightning Jump (LJ): An abrupt

increase in the total lightning flash rate (flashes

Yl Automated Lightning Jump (LJ) detection

_ hi I Example 2 A LJ algorithm: Cell trajectory with2  LJs
per time) observed within a storm cell. (2020 -06-02 00:00Z -01:10Z)
A 3 LJ algorithms | — Y v ownl '
_ ‘IT: 20 - avg 2min
1. 2dLJ algorithm “E  |.— FR=10
(Schultz et al., 2009) -
0_
A Flash rate (FR) threshold: ' ' RS ' BERR
10 flashes per minute o 51 — T\
C N - A
A, -level threshold: 2 gt o W A
2. Modified Qalgorithm: FR per E E s \ DFRDT>20\
cell area (FRa) in ,, -calculation
S AN o0 A0 29 290 a0 RN o9 A0
3. New: FR/area relative increase ks N N N o© o® o oY ov
level (RIL) LJ algorithm
04 Sep 2023 Contact: felix.erdmann@meteo.be 22



Sigma LJ algorithm
Certain flash rate needed

Sigma (,, ) as the standard
deviation of DFRDT over
the previous 10 min

Current r3 4 ra|l+¢a
means a LJ (factor wis

called sigma level)

Modification: Uses the flash @meed+ (R

rate per cell area rather the g s schutz etal. (2016 ), doi:
10.15191/nwajom.2016.0407

raw flash rate of the storm
04 Sep 2023

Lightning Jump Process
for each cluster

Cluster history elements: flash
rate, o[DFRDT], jump flag

v

Calculations:
1 dit (flashrate) = DFRDT
2. Sigma-level

Contact: felix.erdmann@meteo.be

YR LJ algorithms

RIL LJ algorithm

Certain flash rate needed
& 20)
pa Q¢

1 € E -
i & 20

with the Relative Increase
Level (RIL), and the Flash
Rate (FR) as a function of
time

Currentn € 'Ee means a
LJ (wis a threshold)
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50°N

40°N

30°N

RMI

A Heatmaps (left) of LJs (1), Tornado (2), Hail (3), and wind (4) events with

J 0 LJs and NCEI events for hi

gh GLM DE

significant amount of cases in the high GLM DE region

A LJs and NCEI events on most test days (right, 5a) and average diurnal

cycle (5b)

.

120°w 110°w 100°wW 90°W 80°wW 70°W
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50°N

40°N

30°N

50°N

40°N

30°N

RMI

J0 LJs and NCEI events for low GLM DE

A Heatmaps (left) of LJs (1), Tornado (2), Hail (3), and wind (4) events with
significant amount of cases in the low GLM DE region

A LJs and NCEI events mainly in June and August (right, a), reduced

number of daytime LJs and NCEI events (b)

N

50°N

©
40°N

30°N

120°wW 110°wW 100°wW 90°W

80°W 70°wW

120°wW 110°wW 100°wW 90°W

80°W 70°wW
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Yl Skill for LJs as severe weather indicator

RMI

® FR1 B FR5 ¥ FR10 #® FR15 A FR20 ¢ FR25 + FR30

A Results for various LJ algorithm o.'socF:Ra1 1:)0cFrRa5 1.*;0<F:Ra10 2I>ozRa15 2._50<F:Ra20 31)02Ra25 "
COnflgurathnS 100 50 30 20 1.5 1.3 1.0 FBI
A FR | FRa (markers) and d (color) as iy [V NN
variable algorithm thresholds K| !7,;; S B e L
A F P O R CSl
Low , and moderate FR thresholds PR R S v P
yield most skill g /L !\«‘0_3 ?v ] s
§~ 0.4 - vﬁ *Ay:__.;-
A Best CSl all data: 0.44 - VY ey .
S T ¢ |+ '
= X i .
A Best CSI summer/spring and i e
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J U Cloud cell characteristics i LD vs no LD
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gle LD vs multiple LDs
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