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An introduction on lightnings

Changes which show little difference
from coarser to higher resolution

- Confidence in coarse resolution
regional climate model projections

i

Changes for which high resolution
(km-scale) models may be needed
- Further research required

Lightning
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Summertime

rainfall intensity
and duration

Changes for which representation of the
local storm dynamics is important

- Need for very high resolution (km-scale)

model for accurate projections

Severe convective Short-duration
wind gusts rainfall extremes
e

BAMS (2016)
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What is lightning ?

A natural electrical discharge
occurring between a cloud and
the ground or within a cloud,

accompanied by a bright flash
and typically also thunder.

What are the physical

mechanisms behind lightning ?

o Charge separation occur in
the cloud

o Many different theories for
thls Source : John Moran

o Not everything is well
understood
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The noninductive ice-graupel mechanism

Main charging mechanism in thunderstorms

Theory : : =, 2t

o Charge is efficiently
separated by collision ‘
between graupel and ice 1 |
particles with the presence o l H 7777777777777777777
of super cooled liquid water i

@ Charging zone from 0 to e o
-40C

N o

@ Sign reversal charging l ‘}
depend on liquid water “
content (temperature and Wi

Williams, American Scientist (1988)
updraft)
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Empirical representation : >
Romps et al. (2014) Ve, & 'f’ -
- 5

@ Many methods oAPEUIG ) ! precin (nm )
200 600 1000 1400 0.05 0.10 015 0.20 0.25

o CAPFE x Precip

In US. ~12+5%
per degree celsius

.“'

CAPE x Precip (J kg mm hr ") Lightning flashes (km™2 hr”")

InCrease 50 100 150 200 0.0000 0.0010 0.0020

Representation in dynamical models

@ Representation of vertical updraft
e Graupel/Ice/liquid water (sup. cooled)

@ Representation of convective cloud

— Convection-permitting model needed
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lightnings relevant 7

Parameterizations : The Lightning Potential Index (LPI)

Lightning Potential Index (LPI) from Yair et al. (2010),
implemented by Ulrich Blahak in the COSM05.3

Electrification takes
place in between
0°C and -20°C

H—:()»C
I :
LPl = f; fpll———— efw g0 Hz

“|H_20°c — Hoec
Hyoc \
Updraft filter

Function describing the
presence of both liquid and solid
hydrometeors
(Needed for electron transfer)

brisson@iau.uni-frankfurt.de

The climatology of Lightnings in COSMO-CLM



1tnings relevant ?

An introduction on lightnings

fow do we represent lightnings ?
rch question

rizations : The nghtnlng Potential Index (LPI)

The Epsilon-function in the LPI

Q,in kg/kg

0.0002

0.0000 &
0.0000 0.0002 0.0004
Q in kakg
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tnings in COSMO-CL
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@ LPI shows promissing results in NWP (pers. comm. Ulrich
Blahak)

@ Climate projections at CPS is possible

@ validation needed on climate scale

— Is the LPI a good candidate for investigating lightning
climatology ?

Empirical method

@ Much cheaper
@ No need for downscaling

@ Can be applied to large ensemble

— Is there an added value of the LPI compared to empirical
relation (e.g., CAPE x Prec)?
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Method

o

BLIDS (Siemens)
Period : 1999-2013

Accurracy obs 300 -
800m

Interpolated to model
grid

Interpolated to 15-min
timestep

Cloud-to-cloud and
cloud-to-ground
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Observat
COSMO setup
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Observations
COSMO-CLM setup
Converting LPI to lightning

Method

COSMO-CLM setup 2.8km

Setup

~ 2.8 km (CPS)
COSMO5.0cIm7 I .
1-moment with Graupel I —

Implementation LPI | 4l - |
ERA-Interim (1979-2015 1o | g

ith 2- in- | -
wi year spin-up) - e

® 6 o6 o
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LM setup

rting LPI to lightning

g e otz
@ LPI is occurring too often g
@ LPI is values are too high | §> 43
S o
o Cutoff value at 0.89
@ Linear adjustement | °

T T T T T
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Daily mean FLR [km 2(15min)™"]
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LM setup

rting LPI to lightning

T S
@ LPI is occurring too often @ E .
@ LPI is values are too high ) § Z : ofellpeints
5
o Cutoff value at 0.89 o
@ Linear adjustement | 1
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Temporal distribution
Spatial distributi
T

Results
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— Support the LPI-Adjustement

o
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Temporal distribution
Spatial
T

Results
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@ General behavior @ General behavior
@ Overestimation of the peak @ Underestimation of the peak

brisson@iau.uni-frankfurt.de The climatology of Lightnings in COSMO-CLM



distribution
ibution
Temperature-scaling

Results
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@ General behavior @ General behavior
o Early peak o Early peak
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Results

Obs. number of flashes [km2year '] Mod. Adj.-LPI [km2year ']

—= T

52 53

Latitude (°N)
51
Latitude (°N)

50

49

48

Longitude (°E) Longitude (°E)
— Large-scale pattern is mainly reproduced
— Missing local variability : Cloud-to-ground variability 7
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Temporal distribution
Spatial distribution

Results A
Temperature-scaling

fEe
;; K @ Three different slopes

g*‘l’ .°::' @ Slope well reproduced

98] ey (break-up at the right

£ i o temperature)
i S @ Noise is removed on longer
] :° time-period (not shown)

T T T T T T T
250 260 270 280 290 300 310
Temperature [K]

— Bring confidence in using Adj.-LPI for studying different
climatologies
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Is the LPI a good candidate for investigating lightning clim.?
Other results (not shown)
Conclusions

Yes
o After Adjustement give reasonable 15-min distribution

@ Adjustement is supported by daily distribution
@ Daily and monthly cycles generally well reproduced

@ Adj.-LPI temperature scaling fit the observed one

@ Missing spatial distribution

@ Is there a general mislocation of convective activity ?

@ OR do we Need surface/soil lightning dependency ?

N

— Could be included in official COSMO-CLM version ?
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Conclusions

Do we need LPI or are empirical methods enough ?
o Romps et al. (2014) : CAPE x PREC
@ High correlation with LPI

@ Observed temperautre scaling improved with LPI

<

Climate projections

@ Three 30-year simulations have been performed

@ Temperature-scaling unchanged
o Diverge from CAPE x PREC
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