Explicit modeling of cloud electrification and lightning
in the COSMO model
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Thunderclouds mostly include deep convection,
severe weathfar and Iig.htni.ng. AIFh.ough I.igh.tnir?g * sokol@ufa.cas.cz
causes casualties worldwide, its explicit description in
models remains complex.

Within the project CRREAT (2016-2022) which deals
with Cosmic Rays and Radiation Events in the

3/ Model configuration

(casMoj Time step (MCE): 1 s

Advection of hydrometeor charges

Atmosphere and is supported by European Regional Changes of charge concentration by microphysics Ir?tegrat‘ion t‘ime (COSMO):6's

Development Fund, we have developed a Model of (COSMO) ﬁm};latlorlm t"“‘i: l.ho.uzr k(8161 arid oo

Cloud Electrification (MCE), which explicitly describes " orizontal resolution: 2x2 km (81x61 grid points)
lon equation Vertical resolution: 40 non-equidistant levels

the processes related to cloud electricity, and we are

. . . L . Non-inductive charging scheme:
on the way to extend it by including explicit lightning. Charge separation

Gardiner/Ziegler with reverse temperature
— -16 °C (Mansell et al.)
Bl limited charge transfer due to collisions

. .. 1l :
2/ Description of MCE m ) e (20 fC graupel-ice, 50 fC graupel-snow)
Calculation of electric field Atmospheric data:
~

Fig. 1 Modelled processes looped in MCE that has Weisman and Klemps profiles (1982)
been implemented to COSMO NWP model.

/I\/ICE includes explicit description of:

* lon concentration & ion interaction
with hydrometeors. time: + 20 min Oharge xC]

* Charge concentration bounded
to 6 kinds of hydrometeors.

MCE is implemented in COSMO non-| =
hydrostatic NWP model that enables for
explicit convection and computes with
2-moment cloud microphysics.

The modelled processes in MCE (Fig. 1): B ronia dsapoatinl
* Advection of charges bounded to time: + 30 min Charge )
16000 ~— "

hydrometeors is performed within
the advection of hydrometeors

* Changes in charge concentration are
computed in the cloud microphysics| =
in COSMO. h
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Fig. 4 Distribution of CG and CC flashes over the Czech
Republic on 28-05-2016 (data from BLIDS, Siements).
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* Charge separation and transfer are horizontal distance [k w000
based on collisions of hydrometeors. e 4timin el { so00
* Lightning proceeds from bidirectional S T2 o
3000
concept of the leader of flashes. The Tod o0 I
propagation is given by probabilistic ]‘M 1000 | 1 I I I I I
: Yen oy _ | S N TP i
branching from dielectric breakdown| E 0 Cesssscssssssssssseses
concept (Barthe et al., 2012). es R R A
* Electric field is given by net volume s Fig. 5 Hourly lightning distribution on 28-05-2016
charge density. lys2 over the Czech Republic (data from BLIDS, Siemens).
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*ntV ... advection (monotonic flux scheme) horizontal distance (k] G ['"7354] x10’ 5/ Conclusions a nd Futu re
KV ... turbulent mixing Fig. 2 Vertical profile [m] of electric charge Fig. 3 Theoretical & modelled ion .

n )i E . ion drift motion ) [nC] and distribution of hydrometeors in a generation rate by cosmic rays. Pe rSPECtWeS

G ... background ion generation rate by cosmic rays . . .

an,n._ ... ion recombination rate thundercloud at simulation time (from top P ~
Satt - ion attachment to hydrometeors (sink) to bottom) 0 + 20, +30 and +40 min. The Conclusions

MCE satisfactorily simulates the structure

of charge in the thundercloud.

fSimuIating the development of a thundercloud) |The negative layer is related to graupel, ice

[ References ] results after 40 min in a typical tripole charge| |and snow hydrometeors, whereas the upper
structure (Fig. 2): two positively charged layers are| |positive layer is bounded to the maximum of

Spd -+ Point discharge current from the surface (source) positively and negatively charged regians 4 R It
Sevap -+ release of any charge as ions from hydrometeors . : " esu S
4 are depicted in orange & blue, respectively.

that completely evaporate

i . i the ion generation rate.

Barthe et al. 2012. CELLS v1.0: updated and parallelized version of an separated by a n?gatlve layer _The negative IaYer g .

electrical scheme to simulate multiple electrified clouds and flashes corresponds to high concentration of graupel, ice Future Perspectives

orer 'fggflgg;gﬂgfffg;fz’b’;”z”de’ Dev. 5(1): 167-184. and snow; the hydrometeors that participate the| |MCE has been extended by lightning scheme
Mansell ER, MacGorman DR, Ziegler CL, Straka JM. 2005. most on charge transfer through collisions. The ion| [and is under testing.

Charge structure and lightning sensitivity in a simulated multicell : : . A

thunderstorm. Journal of Geophysical Research: Atmospheres generatlon rat(_e by cosmic rays (Fig. 3), a.param_eter MCE will be tested on a real thunderstorm
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