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Lightning occurrence

ACloud electrification due to the interaction of cloud particles
ACharge regions with the potential fdischarge processes

Cloudto-ground(CG) Inter-/Intra-cloud (IC)
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CG + IC Fotal Lightning
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Motivation

A Predictability ofdeep convectiorand related weather phenomena

https://www.flickr.com/photos/okweatherwatch/42186567924/ https://de.wikipedia.org/wiki/St
in/photostream/,accessed 4/12/2019 urzflut,accessed 4/12/2019

ANWP with need oftorm-scale data assimilation
AQurrently only radar observations for lengtitales <200Kn®Brousseaet al. 2016)

ATotal lightningactivity to locate deep convection
AOptical satellite sensors to monitor total lightning

AGeostationary (GE@)eteosat Third Generation (MTG3atellites with a_ightning Imager
(L)end of 2022
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GEO lightning observations: MTQ

AOpticalimager(777.4 nmor 886.3 nn) Advantagesof MTGLI:

ASpatial resolution: 4.5 (7) km nadir (France) ALarge region coveraggland and sea

ATotal (CG+IQ)ghtning activity Al(gggﬁgﬂgggﬁggf topographyno

ACloud illumination mapping as optical AHigh temporal resolutioq 1 ms

lightning extent
O VIR 07402 USRI
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Adapted from Peterson et al. (2020)
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The numerical weather prediction (NWP) model AROMEance

AModel domain French territorg assimilation only for Europeatomain

AAROME versioal42 aromeop2.41

AHorizontalgrid of1.3 km resolution AROMEFrance domain with surface topography
A90 vertical layers '
ADeep convectiomesolved

A Control variables

A vorticity, divergencetemperature,
surfacepressure, andgpecifichumidity
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AMicrophysicalscheme ICE3 23 -
A Classes: Cloud water, Rain, Ice crystals, SIECRIREEA ~ “=Sg. s .
: : _ cednanlivis
Graupeland hall 3°E 6°E 9°E 12°E 15°

A3DVar assimilatiowith hourly cycles
(Detalls inSeityet al., 2011, and Brousseau et al., 2016)
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Concept of the lightning data assimilation (LDA)

Tasks Solutions

1. MTGLI data not before end of 2022 A Generation ofpseudoobservations
2. Nolightning diagnosis IAROMHE-rance A Define alightning observation operator

3. Lightningnot related to the control A Adapt thelDBay+3DVaschemecaumont et

variables al., 2010, and Borderies et al., 20185ed
operationally for radar reflectivity
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3DVarassimilation method for lightning data

ASuccessfuBDVar LDAwith the relative humidity (RH) profile
(e.g.,Fierro et al., 2019, Hu et al., 2020, and Liu et al., 2020)

ARHincreased where lightning was observed
APrecipitation forecast skill:

LDA = radar data (radial velocity and raddlectivity) assimilation (RDA) > reference
experiment (no RDA, no LDA)

AWet biasreported due to spurious convection, missing approach to remove humid
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AApproach similar to radar reflectivity assimilati@aumont et al., 204GndBorderiest al., 2019
A 1D Bayesian (1DBay) to retriev&H profile

AFEDbased 1DBayo increaseor decreasehe backgroundhumidity
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1. PseuddMTGLI FED as lightning data for the assimilation (1/2)

AFlash extent density (FEDh regular grid and within a given time period

Initial time step A given period of time

HENEE IIIII

AGEO lightning pseudabservation generatofErdmann et al, ineviewfor JTECHOr MTG-LI
spatialandtemporal resolution

AMTGLIpseudceobservations ofEDgeneratedfrom groundbasedMeteoragerecords
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1. PseuddMTGLI FED as lightning data for the assimilation (2/2)

AEx.: Pseud® TGLI FEbased orMeteoragerecords + IR 10.8 um MRGEVIRI images
for 09 August 2018

Full domain (b) Zoom on FED maximum

Brightness Temperature (10.8 um) [K] Brightness Temperature (10.8 um) [K]
180 200 220 240 260 280 300 320 340 180 200 220 240 260 280 300 320 340

0 km25 min)?

FED (7.0x7

09 Aug 00:00
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2. FEDorward operator

ALinear relationship betweeproxy column graupel mass | andFED
(e.g., Deierling et al., 200Bartheet al., 2010, andBovaloet al., 2019)

AFED for assimilation: 7 km x 7 km pixels, 10 min integration time windows
AHere: Proxyt closest to FED pixel center selected to compare the distributions

(@) Training (24 storm days in 2018) (b)  Validation (06+07 Oct. 2018)

500 105 500
- FED = 9.50E-06-my -1.25E+Q]r- - FED = 9.50E-06-my -1.25E+01
data ﬁ data
400 = 400
300
200

100

Graupel mass my [kg]
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N 3. 1DBayfor LDA (1/2)
N

; AFED forward operatoto create background FED
o) A1D Bayesian retrievas linear combination of background profiles igi@envicinity
AExpected RH profiléor each FED observation
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3. 1DBayfor LDA (2/2)

Thinning 1DBay vicinity
A Avoid correlations of observation errors  AVicinity size ) of 160 km td500 km
ARegular reduction of assimilated RH ADifference of humidity and FED fields

prqfilgs as observations ACloud area estimated
AThinning factor 2 A Selection of background profiles
e
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