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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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| \ Projected

| field of view

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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tude [m]

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

April 6, 2021 Assimilation of MTE&I pseudo FED in AROMIEanceg Felix Erdmann 6|17



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
profiles as observations R Cloud area estimated

AThinning factor 2 A Selection of background profiles

Brigthness Temperature [K]
100 130 160 190 220 250 280 310 340
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AROMEFrance experimental setup

Temporal setup

1. 24 hourrun with hourly dataassimilation e.g., 06 October 2018 00 UTC to 23 UT
2. 30 hour free run e.g., 07 October 2018 00 UTC to 08 October 06 UTC
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s EXperiments
O CTRL Control Assimilationwithout RDA and LDA
I(\3I RDA Radar Data Assimilation ~ CTRL + radar radial velocyd radar
E reflectivity
$ LDA Lightning data assimilation CTRL + FED
RDA LDA Radarand lightning data  CTRL + radar radial veloatyd radar
assimilation reflectivity + FED

ALDA uses theloud areaestimation during the 1DBay
(experiments without the cloud estimation were conducted but are not shown)
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Example: Effects of FED assimilation on the ARCHvHnce analysis

9°F 3°W 0° 3°F 6°E 9°F 3°W 0° 3°E 6°E 9°F

FED from 1DBay FED observation

3°W 0° 3°E 6°E

FED background

48°N

3°W : 3°F 6°F

3°W 6°E 9 E
Integrated water vapor (IWV) WV background change by LDA IWV anaIyS|s background
background
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Fractions skill scores (FSSs) for rainfall and FED (1/2)
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el A6 hour accumulatedainfall

AAntilopeobservations :
e (rain gauges + radars)
°N AFirst 6 hours of free run.e,
M 070ct 00 UTC to 08TC
(E: A RDA
P A LDA
T A RDA + LDA
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Fractions skill scores (FSSs) for rainfall and FED (2/2)

—— RDA, 0.50°

(a) LDA, 0.50° ©
Rainfall FSS — RDALDA, 0.50° FED FSS

ACOmpare two 2Bieldsiiu | w N (a) Threshold FED 1.0

AThresholdvalues for
binary TrueFalse 2] N
Information o o

ANeighborhOOd ] w ] (b) Threshold FED 10.0

considered © DN

AFSS of for perfect
prediction for given
neighborhood

AFSS of 0 for no skill

(Roberts and Lean, 2008, and - N S < S R A B | | A A
Faggianet al., 2015) " a7 3" 3 B o G " a7 3 3 B o G o

Day and hour Day and hour

OxmHd=Z—

p\

C
O
N
C
E
P
T

i —

(c) Threshold 10.0mm ' (c) Threshold FED 50.0
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Summary: MTA.l FED assimilation in ARONHeance

for AROME
France

IWV: backgroundy, analysis: FSSLDA skilhigher or lower than
4 case Increasein regions of high obs. FED RDA skil®, possiblemprovements
studies as Decreasewhere spurlous AROME FEDA FEDforward operator
proof-of- ' T A LDA cloud area estimation
concept A CoupledRDALDAapproach

Thank you for the attention!
felix.erdmann@meteo.be
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Backup slides
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Cloud electrification

ANeed ofelectric fieldsufficient to cause areakdown (b)
Non-inductive charging
ANon-inductive graupel ice charging mechanism

Interaction between

precipitating ice and
non-precipitating ice

T<CRT

Charge Reversal
Temperature [CRT]
(about -15°C)

! % :]F S
Ice Crystal Rimed Crystal

Graupel

From personal communication,&oquillat(2019)
A Other hypothesis
A Inductive charging: particlparticle and ion capture
A Convective charging: importance of the screening layer and corona discharges
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Cloud electrification

ATransportof charged particlesh Charge structurewithin thunderclouds
(normal polarity storm)
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(@)

Interaction between
precipitating ice and
non-precipitating ice

Non-inductive charging
mechanism

upper negative
*Iz-==2. charge region

main positive
charge region

T<CRT

N .. -25C

main negative
charge region
5

Charge Reversal -
Temperature [CRT]
(about -15°C)

\ '\ ‘7

A ++4+ + o] 41
A48T 4 4= 0°C  Jower positive

S———— 4+ + +

SIEEEE et ! charge region

Outside uparam /..
i
- 2= = Do ‘r: |i4]}‘ 1 1 !

NPT
v:x"‘)l_“,‘ b .”'."t d B 1AL
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Cloud electrification

AFlashesas discharges between charge regiongefcloud and the groun@ndinside one
cloud or between clouds
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upper negative

main positive
charge region

_-=-_zz=* 25°C main negative
i charge region

4 4= 0°C  Jower positive

il = = “‘ -++'+++‘ )
0°C =gz Jau"s T charge region
Updraft b S0

' Cloudto-ground flashes (CGns |
o S SN
- ~ Adapted fromStolzenburgt al. (2008)
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M Electromagnetic emissions from lightning
N

ARadio frequencye.g, for Meteoragelow frequency (LRjround-based network
AOptical pulses e.g., seen bgatellites

From http://www.eumetrain.org/data/3/362/362.pdf,
accessed 01/12/2020

Optical P‘;/Jlsq,_.;_‘;

veeer, ( (1) ) JVLFLF

. N\ 4 & J

April 6, 2021 Assimilation of MTE&I pseudo FED in AROMIEanceg Felix Erdmann 22| 17




Lightning observations

Spaceborne sensors on Geostationary (GEO)
and low Earth orbit (LEO)

b
AE.g., GE®eteosat Third Generation ® U—Q-U
(MTG) Lightning Imager (Ldpverage
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From https://directory.eoportal.org/web/eoportal
/satellite-missionsisslis, accessed 05/04/2020

| Projected
| field of view

(d)

(4 LI cameras)

.)e.g., FrenciMeteoragenetwork
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MTGLI

A777.4 nm oxygen band optical sensor
A1l mstemporal resolution MTGLIcoverage(source:eumetrain)

Oxm+dzZz-—

120" W 90" W

A Spatial resolution of 4km nadir and about [EEpe=
7 km over France :

0w 0 _W0E
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GLM and NLDN dataGEOQO lightning pseudobservation generator (2/4)

I
N
T Ground-based LF stroke-type data
R
O
» 6 NLDN features per flash:
- Extent i Test
’ » LF observation flash features
- Stroke+pulse number, » Statistics of
- Duration, » Machine learning based target generator distributions of

observed and
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- Mean absolute current, :
pseudo-GLM flash :
I

I

I
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- Maximum current,
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: » Simulated pseudo-GEO targets
1
I
1
1
1
1
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- CG ratio characteristics

» 3 observed GLM targets » Comparison of
per flash: observed GLM FED
- Extent, and simulated FED
- Event number,
- Duration

GEO Flash Extent Density (FED)

A SU bm |tted paper tO JTEClEl"d man n et al [Erdmann, F., Caumont, O., and Defer, E.: A geostationary lightning pskseivation generator

utilizing low frequency grountlased lightning observations, submitted to the Journal of Atmospheric and Oceanic Technologpar 2020]
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Overview: Concepof the lightning data assimilation (LDA)

I
N
" NWP: FEDforward Background
R AROMEFrance FED
O background,qjr Operator, 3 1D Bayesian Pseudo
(1DBay) relative humidity (RH)
retrieval profiles
Pseudo
NWP: Assimilation (UAESAARSY oo
AROMEFrance CyCIe 1 L!&
forecast
.+Q
1 L
(.o
NWP: 3D Variational (3DVar) Assimilationith cost functiono
AROMEFrance o P .y S P, sy D
analysis,e4 u(c) E(oo w) A (0 w) E[oo Aw] n [0 JAw]
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Case 1: 0-D8 October 2018

Antilope: 2018-Oct-07 0000 UTC to 2018-Oct-07 0600 UTC

Observation

¥ 5

OxmHd=Z—

[

(a) Threshold 0.1mm
S———
—

(b) Threshold 1.0mm

6.0-h accumulated rainfall

—— CTRL, 0.50°
RDA, 0.50°
—— LDA500_thin2, 0.50°
LDA500NnC_thin2, 0.50°
—— RDA_LDA500_2, 0.50°

Dmlt ’ RDA_LDA500nC_2, 0.50°

o =, (c) Threshold 10.0mm

=
o wnm
© o
o o
[mm
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Day and hour

6.0-h accumulated rainfall [m
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Case 2: 0D3 February 2018

Antllope 2018-Feb-02 0000 UTC to 2018-Feb-02 0600 UTC

Observatlon

OxmHd=Z—

0= 1.0

(a) Threshold 0.1mm
0.8 1 — =
0.6 _A____\—_:\_—_\/ ‘_\

0.4

FSS

45°N

0.2
0.0

1.0
42°N 42°N (b) Threshold 1.0mm

6.0-h accumulated rainfall

0.8

0.6 s | — CTRLO.50°

= / RDA, 0.50°
041 ST —— LDA500_thin2, 0.50°
0.2 1 LDA500NnC_thin2, 0.50°
—— RDA_LDA500_2, 0.50°

0.0 . . ‘ : : " " " " RDA_LDA500nC_2, 0.50°
1.0

FSS

£ ’ b . ¢ (T e iy S g
3°wW 0° 3°E 6°E 9°E 3°wW 0° 3°E 6°E 9°E

51°N

(c) Threshold 10.0mm

A TTmOZ200

48°N [ 'k ¢ * - - - 7 ' . 0.8 1
: 0.6
0.4
0.2 1

FSS

0.0 =

0 o0 20 A0 oo
0> o> ot e »°

Day and hour

6.0-h accumulated rainfall [m
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Case 3: 229 May 2018

Antilope: 2018-May-28 0000 UTC to 2018-May-28 0600 UTC

Observation

[

(a) Threshold 0.1mm
e

B e =
e

(b) Threshold 1.0mm

6.0-h accumulated rainfall

—— CTRL, 0.50°
- ~-X g . @ RDA, 0.50°
3°w 3°E 6°E . —— LDAS500_thin2, 0.50°
Exp G67): 2018-May-28 0000 UTC to 2018-May-28 0600 UTC ) LDA500nC_thin2, 0.50°
—— RDA_LDA500_2, 0.50°
RDA_LDA500nC_2, 0.50°

=
o wnm
© o
o o
[mm

(c) Threshold 10.0mm

A0 ot
22°

20 A0 o
L 29°

Day and hour

6.0-h accumulated rainfall [m
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Case 4: 089 August 2018

O
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O
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