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Lightning occurrence

Credit: fir0002/flagstaffotos.com.au

Cloud-to-ground(CG) Inter-/Intra-cloud (IC)
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CG + IC = Total Lightning

ÅCloud electrification due to the interaction of cloud particles

ÅCharge regions with the potential for discharge processes
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Motivation

ÅPredictability of deep convectionand related weather phenomena

ÅNWP with need of storm-scale data assimilation

ÅCurrently only radar observations for length-scales <200km (Brousseauet al. 2016)

ÅTotal lightning activity to locate deep convection

ÅOptical satellite sensors to monitor total lightning

ÅGeostationary (GEO) MeteosatThird Generation (MTG) satellites with a Lightning Imager 
(LI) end of 2022
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From
https://www.flickr.com/photos/okweatherwatch/42186567924/

in/photostream/, accessed14/12/2019

From
https://de.wikipedia.org/wiki/St

urzflut, accessed14/12/2019
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GEO lightning observations: MTG-LI

ÅOptical imager (777.4 nm or 886.3 nm)

ÅSpatial resolution: 4.5 (7) km nadir (France)

ÅTotal (CG+IC) lightning activity

ÅCloud illumination mapping as optical 
lightning extent 

Advantagesof MTG-LI:

ÅLarge region coverage ςland and sea

ÅIndependence of topography ςno 
(beam) blockage

ÅHigh temporal resolution ς1 ms
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From 
http://www.eumetrain.o
rg/data/3/362/362.pdf, 
accessed 01/12/2020

(b)

Projected 
field of view
(4 LI cameras)

Adapted from Peterson et al. (2020)

(a)

(a)
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The numerical weather prediction (NWP) model AROME-France

ÅModel domain French territory ςassimilation only for European domain

ÅAROME version al42_arome-op2.41

ÅHorizontalgrid of 1.3 km resolution

Å90 vertical layers

ÅDeep convection resolved

ÅControl variables
Åvorticity, divergence, temperature,                                                                                                                 

surface pressure, and specific humidity

ÅMicrophysicalscheme ICE3
ÅClasses: Cloud water, Rain, Ice crystals, Snow,                                                                              

Graupeland hail

Å3DVar assimilation with hourly cycles

(Details in Seityet al., 2011, and Brousseau et al., 2016)

AROME-France domain with surface topography
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Concept of the lightning data assimilation (LDA)

Tasks

1. MTG-LI data not before end of 2022

2. No lightning diagnosis in AROME-France

3. Lightning not related to the control 
variables

Solutions

ĄGeneration of pseudo-observations

ĄDefine a lightning observation operator

ĄAdapt the 1DBay+3DVarscheme (Caumont et 

al., 2010, and Borderies et al., 2019) used 
operationally for radar reflectivity
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3DVar assimilation method for lightning data

ÅSuccessful 3DVar LDA with the relative humidity (RH) profile                                                 
(e.g.,Fierro et al., 2019, Hu et al., 2020, and Liu et al., 2020)

ÅRHincreased where lightning was observed

ÅPrecipitation forecast skill:                                                                                                
LDA = radar data (radial velocity and radar reflectivity) assimilation (RDA) > reference 
experiment (no RDA, no LDA) 

ÅWet bias reported due to spurious convection, missing approach to remove humidity

ÅApproach similar to radar reflectivity assimilation (Caumont et al., 2010, and Borderieset al., 2019)

Å1D Bayesian (1DBay) to retrieve a RH profile

ÅFED-based 1DBay to increase or decrease the background humidity
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1. Pseudo MTG-LI FED as lightning data for the assimilation (1/2)

ÅFlash extent density (FED)on regular grid and within a given time period

ÅGEO lightning pseudo-observation generator (Erdmann et al, in reviewfor JTECH)for MTG-LI 
spatialand temporal resolution

ÅMTG-LIpseudo-observations of FEDgeneratedfrom ground-basedMeteoragerecords

Initial time step A given period of time

(a) (b) (c) (d)
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1. Pseudo MTG-LI FED as lightning data for the assimilation (2/2)

ÅEx.: Pseudo MTG-LI FED based on Meteoragerecords + IR 10.8 µm MSG ςSEVIRI images 
for 09 August 2018

Full domain Zoom on FED maximum(a) (b)
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2. FED forward operator 

ÅLinear relationship between proxy column graupel mass □▌and FED                                            
(e.g., Deierling et al., 2008, Bartheet al., 2010, and Bovaloet al., 2019)

ÅFED for assimilation: 7 km x 7 km pixels, 10 min integration time windows

ÅHere: Proxy ά closest to FED pixel center selected to compare the distributions

Training (24 storm days in 2018) Validation (06+07 Oct. 2018)(a) (b)
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ĄFollowing presentation
by Pauline Combarnous
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3. 1DBay for LDA (1/2)

ÅFED forward operatorto create background FED

Å1D Bayesian retrievalas linear combination of background profiles in a givenvicinity

ÅExpected RH profilefor each FED observation
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3. 1DBay for LDA (2/2)

1DBay vicinity

ÅVicinity size (R) of 160 km to 500 km

ÅDifference of humidity and FED fields

ÅCloud area estimated

ÅSelection of background profiles

Thinning

ÅAvoid correlations of observation errors

ÅRegular reduction of assimilated RH 
profiles as observations

ÅThinning factor 2

R
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