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triggered lightning experiments)
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OTpuuaTenbHblW pa3psan 0bsiaKko-3emris

“Lightning: Physics and
Effects” (V.A. Rakov and
M.A. Uman, 2003,
Cambridge University
Press)
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BcTpeya Hucxoasilero oTpuLlaTeribHoro
nuaepa U BOCXoAsLLEero nonoXXUTernbHoro

Kostinsky et al., JGR (2016)

Two 4Picos frames showing the break-through phase (I) and later return-stroke stage (11) of a negative discharge
to ground generated by the cloud of artificially-charged water droplets. The exposure time for each frame is 100
ns and the time interval between frames is 2 us. Labeled are the electrodeless downward negative leader 1,
upward positive leader 2, and the common streamer zone 3. Image (1) was considerably fainter than image (1)
and was contrast-enhanced more than image (I), to improve its visualization. AGP stands for “above the
grounded plane”



[lpypopga ctyneHeu nuaepa

Biagi et al., JGR, 2010

V. A. Rakov, The Physics of Lightning,
Surveys in Geophysics, 2013

Petersen and Beasley, JGR, 2013
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Iustration of the development of negative stepped leader in a long laboratory spark, based on a
description given by Gorin et al. (1976). It schematically shows a snap-shot (left) and a time-resolved optical
picture (upper right) including an initial impulsive corona from the negative high-voltage electrode and the
first two steps, along with the corresponding current through the gap (lower right). Adapted from Biagi et al.

(2010)

The bottom 20 m of the downward-extending leader channel of a triggered-lightning flash (Camp
Blanding, Florida) in the nine high-speed video frames (240 kfps, 4.17 ps per frame). Each image shows
about 20 m x 20 m. The white arrows point to the luminous segments (space stems or leaders), 1-4 m in
length, that formed separately from and 1-10 m below the downward-extending leader channel. The leader
traveled about 100 m from frame 1 to frame 9 where it was about 30 m above its termination point. The

return stroke began during frame 10. Adapted from Biagi et al. (2010)
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» Avalanches

» Streamers

> Stems,

» Leaders:
* positive/negative
 first/subsequent
« direct/recoll

» Return stroke (spark)




Return stroke current
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["a3zoanHaMuKa KaHana MoJIHUU
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Berger et al. (1975) data for peak current

Peak current, kA
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A=,
Histograms derived from Berger et al. (1975)
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Lightning PC — Berger’s Distributions

Lightning peak currents for first strokes vary by a factor of 50 or more,
from about 5 to 250 KA.

The probability of occurrence of a given value rapidly increases up to
25 kA or so and then slowly decreases.
Statistical distributions of this type are often assumed to be lognormal.

P(I) = I{_l exp {— (nf ;crl;l Iﬂ)i} [(kA)=10.6 QD'T.

Cumulative statistical distributions of lightning peak currents, giving percent of
cases exceeding abscissa value, from direct measurements in Switzerland (Berger
et al. 1975). The distributions are assumed to be lognormal and given for (1)
negative first strokes (N=101), (2) positive first strokes (N=26), and (3) negative
subsequent strokes (N=135).

16



Lightning current characteristics

Measured Values Modeled Values

50% 1% 50% 1%
RETURN STROKE PARAMETERS
NEGATIVE FIRST STROKES
(a) Peak current (kA) 30 150 2 160
(b) Time from zero to current peak (us) 5 30 fr i)
(c) Maximum rate of current rise (kA/us) 100 400 100 500
(d) Time to decay from peak to half-peak value (us) 70-80 300 75 80
(¢) Charge Transfer (C) 3 40 3.5 27
POSITIVE FIRST STROKES
(a) Peak current (kA) 35 500 35 350
(b) Time to current peak (us) 10-20 150 11 11
(c) Maximum rate of current rise (KA/us) 100 400 100 500
(d) Time to decay to half-peak value (us) T T 30 40
NEGATIVE SUBSEQUENT STROKES
(a) Peak current (kA) 10-15 50 11 56
(b) Time to current peak (10-90 percent) (us) 0.3-0.6 9 0.6 0.6

The median (50%) and severe (1%) lightning currents at ground appear to be:

30 kA and 150 kA for negative first strokes,

10-15 kA and 50 kA for negative subsequent strokes, 35 kA and 500 kA for positive first
strokes (as follows from lognormal distributions)

Gamerota et al., IEEE Trans. Electrom. Compat., 2012
17



The largest directly measured lightning currents (positive
lightning, probably of upward type, in winter storms in Japan)
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Directly measured currents in three positive lightning discharges in Japan. The
insets in the middle and bottom diagrams show the current on an expanded scale.
The transferred charges, from top to bottom, are 330,180, and 400 C. Adapted from

Goto and Narita (1995). 18



Model of lightning channel. Electrodynamics

100 — 100 —

80—

Peak current (kA)
First return stroke peak current, kA

0 | | | | | a
°o 1234 S A A B
Charge O Charge, C
| peak = 19.6 Q078 Cooray and Rakov, 2012
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Conceptual model of the electrical structure in mature, mid-latitude convection. Four
main charge regions (with red + for positive charge, blue — for negative charge) are typically
found in soundings through updrafts, while soundings outside updrafts have at least six charge
regions in common. Representative electric field (E) and electrostatic potential (V) profiles in
the nonupdraft (left) and updraft (right) of the convective region are also shown; the altitudes
in these soundings do not correspond exactly to the conceptual model. Schematic
representations of an intracloud flash (in green) and a cloud-to-ground flash (in purple) are
shown as they might appear in lightning mapping data (Stolzenburg and Marshall, 2009)
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A sketch of the stepped leader approaching
ground; charge distribution along the leader
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Peak current vs large-scale electric field and

cloud potential
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Electric field in thunderclouds
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BbiBOAbLI NO OKCTpeMalibHbIM TOKaM

I
» The CIGRE Broshure #549 (2013) recommends the use of

direct current measurements.

» The median (50%) and severe (1%) lightning currents at
ground appear to be:
« 30 kA and 150 kA for negative first strokes,
* 10-15 kA and 50 kA for negative subsequent strokes,

« 35 kA and 500 kA for positive first strokes (as follows from
lognormal distributions)

» The maximum directly measured peak current to date is about 300 kA,
and it is for positive lightning.

» For negative lightning, the maximum directly measured peak current is
about 200 kKA.

» Theory: Maximum peak current is about 300 kA in
temperate regions and about 450 kA-500 kA in the tropics

24
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Peak current distribution and its genesis
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Statistical distributions of lightning peak currents:
Why do they appear to be lognormal?
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PacnpeneneHune yaenbHOM 3N1eKTPUYeCKomn
NnpoOBOANMOCTWN aTMOCepbl:
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Lightning Detection Technologies '
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Modern multiple-station regional and global

lightning detection (locating) systems
L .

REGIONAL:
U.S. National Lightning Detection Network (NLDN), 400 Hz-400 kHz,
combination of time-of-arrival (TOA) and magnetic direction finding (MDF)
techniques.
Earth Networks (formerly WeatherBug) Total Lightning Network
(ENTLN), 1 Hz-12 MHz, TOA

GLOBAL.:
World Wide Lightning Location Network (WWLLN), 6-18 kHz,
time-of-group-arrival (TOGA) technique (based on the fact that lightning
VLF signals propagating in the Earth-ionosphere waveguide experience
dispersion, in that the higher-frequency components arrive earlier than the
lower-frequency components).
Global Lightning Dataset (GLD360), 300 Hz — 48 kHz, combination
of TOA, MDF, and waveform recognition algorithm (relies on the bank of
“canonical” field waveforms for different ranges).
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WWLLN performance characteristics (RS, SIP)

. .. 8.8%
Flash Detection Efficiency (N = 80)
. .. 2.5%
Stroke Detection Efficiency (N = 360)
Stroke Detection Efficiency 29%
(for I, >25 kA) (N =21)
. : 2.1 km
Median Location Error (N = 10)
Median Absolute Event-Time 15.3 Us
Mismatch (N=7)
Median Absolute Peak Current 30%
Estimation Error (N=7)

Adapted from Mallick et al. (2014)



XapaKTepucTuku CUCTEM Jfiokalun MOJSTHUK

Regional LLSs allow one to achieve location errors as low
as a few hundreds of meters and flash detection efficiencies
exceeding 90%.

Global LLSs presently cannot distinguish between ICs and
CGs. Detection efficiency of WWLLN is low.

Rocket-triggered lightning can be used for calibrating LLSs,
although the results are applicable only to subsequent
strokes in negative lightning.

Natural-lightning data can be used for estimating DE and
CA for both CG and IC events, but generally cannot be
used for estimating LA and peak-current errors.



VHF mapping: LMA
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PernoHanbHas cuctema onepaTtuBHOro nporHo3a
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NHCTpyMeHTapuu
I

» Multi-station regional
lightning detection system
(Boltek Stormtracker

devices) 0‘

» Quasi-static electric field S b
measuring network |l o e

» Meteorological and radar \
data

Lightning location system data for a
thunderstorm on July 5, 2016 from 8.20 to
8.30 UTC. Nizhny Novgorod is in the center.
Three yellow dots represent observation

Kuterin et al., 2014 points The scale of the map is 150x150 km.



Me3omacluTabHas HernapocraTuyeckas
mooenb WRF

55°E
We have chosen the strategy of s AN
two embedded grids: the external e |/ VT " 60N
grid covered the European part of S g
Russia (the area of 1200*1200 km  seen -7, SCREN Y
size with a step of 3 km), and the Raon? B
internal one of 210%*210 km size  sen 17 - seen
with a step of 1 km.
saon \ ‘ ‘7 saon
Global Forecasting Model (GFS) P
data with a resolution of 0.25 sooN N .
degrees are used for WRF model o

initialization.

36°E 38°E 40°E 42°E 44°E 46°E 48°E 50°E 52°E
A set of embedded grids of the forecast.

Dementyeva et al., 2014a; Dementyeva et al., 2014b; https://www.ncdc.noaa.gov/data-
access/model-data/model-datasets/global-forcast-system-gfs



Thunderstorm 1 June 2015 14:30 - 21:30 (UTC)

B 5rliness of forecast: 6 h Initial conditions: GFS 0.5°
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Global lightning integrations from VLF/ELF:
Vaisala GLD360 versus WWLLN and satellite data

DN PDD=-NDO®

N High Resolution Full Climatology Annual Flash Rate
» ~r £ _‘ Global distribution of lightning April 1995-February 2003 from the combined
: & observations of the NASA OTD (4/95-3/00) and LIS (1/98-2/03) instruments
s & : Y v T 2010 ¥AYL LR Sirakes (Mumber of STokes per 1° by 1° BIn
e osizstroillv - = p T T T T T 1 T T T T T T T T
Stroke Density Map - 20 km grid 6 Months, May - Oct 2010 GLD360 data :

Vaisala GLD360 global lightning detection network, stroke density map at 20km grid from May-October 2010

a 1u_r'
From R. Holzworth, 2011, T g
R.Said et al., 2013, .

.70

Williams and Mareev, 2014

.qn I 1 I !
-1B0 160 -140 -1 - 140 160 180




Mean annual flash density per km squared
in INMCM4.0 model for the modern climate

F = 3.44x10°H*° F.=6.40 x10*H" C.Price & D.Rind, 1992
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Chronis et al., 2008 T Tl

NINO3.4>1,08(red)NINO3.4<-1.22(blue) (a)

OTD/LIS (LA) vs.NINO3.4 Correlation Map (b)
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Mean diurnal SR'intensity variations at NCK,

Hungary in two warm and two cold episodes in

mempigemonths

M$?614SR Intensities at NCK in NH Winter (Dec-Jan-Feb)
7
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Variability of global lightning activity on the
ENSO time scale by G.Satori et al., 2009

Latitude (deg)

Descending
cool, dry air
Ratio of Zonal Lightning Distributions rigtar cels
in Warm/Cold ENSO Episodes @ Rising warm
& _— /~moist air
4ol . N
- T \ \ m d
| i ~5— 1 w_/ scending
Ea E—— T T N (‘\ool , dry air
20| ] e B ) Hadley cell
! ! T / Rising warm,
10 -
, - \ Jmoist air
of i — \ N
Africa/Europe M D BL 7 b f’)
10f Americas e I Faey ﬁ N
gal Asia/Maritime Continent  «wsseseees I m_c— > e f Had|ey cell
——— | . =
. P - > O e Ay S
................... : . . , - —y P cool,dry air
08 1 12 1.4 1,s. 1.8 2 22 24 26 N F oo Ferrel cell
Ratio s~ Rising warm,
W ~ moist air
South| (" T Polar cell
Pole Descending

"> cold, dry air
Lightning shows strong regional preference during different ENSO phases. Most
of the areas appearing during the warm ENSO phase are located away from the
equator and coincide with regions of anomalous jet stream circulation enhanced
by the meridional heat transport 45
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PacnpeneneHue BCrbILLEK MO LMpOTE




YYyeT caBura CKOpocTU BeTpa

60E 120E 180 120w 60W 60E 120E 180 120w oW 0

-2 -1 -05 -02 -01 0!1 o!z 0!5 1I R” m.s ol.s 1I é ”—-
PasHOCTb KOMMNO3UTOB KONMMYECTBA BCbILLEK PasHoCTb konnyecTBa Benblllek (LUTYk/(KM2 roa))
(1/(km2 rog)) AnsA NONOXUTENBHOW U OTpULIATENBHOM BO BpeMsl Anb-HuHbo 1 Ila-HuHbsa B Moaen.
da3 Anb-HuHbo. [aHHble mogenu, 500 net KonnyecTBO BCNbILWEK KOPPEKTUPOBAIOCH C
npeabIiHOYCTPUanbHOro aKCnepuMeHTa. y4eTOM caBUra CKopocTu BeTpa.

FL1 = FL *(SQRT(SH**2 +SH0**2)/SH0)**6
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The Galilee and Carnegie

The Galilee and Carnegie became the Carnegie Institution’s survey ships. The Carnegie was constructed
specially, built from wood, copper and bronze, with an observing deck

Galilee — brigantine built in 1925, as Carnegie under full sail in 1909 at
a fast packet between San Francisco launch. From 1909 to 1929 she covered
and Tahiti. Chartered by CIW in 500,000 km, and made the fastest

1905. circumnavigation of Antarctica.


//upload.wikimedia.org/wikipedia/commons/4/4f/Galilee_Cruise1.jpg

Global Atmospheric Electric Circuit and
lonospheric Potential

Global Electric Circuit

o}
o - lonosphere 0
]
111 11 =
L
Wilson Dissipation ®
curent 1 T 1 current E : 220 WV (Darwin)
298 XV (Woeton)
S 11l 1
t Charging 2
- _Current 1
i 0 , N i~ _
ﬂjl:'{ﬁf,f{ 60 B o W 0 100 10

Electric Fleld (V/m)

Distant points: Darwin, Australia — 220 kV
S.Anisimov, S.Davydenko, E.Mareev, 2011 Weston, USA — 235 kV

R.Markson, L.Ruhnke, E.Williams, 1996
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Recent progress on the global electrical circuit
(E.Williams and E.Mareev, Atm.Res., 2014)

)W
Sections 5,10 62’7 Section 8
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Electric generators in the atmosphere:

problems of parameterization
I

~ 1 de j{]SHD Zy, z
P; = @(Rj) = j AVi = exXp -E 1- exp —E

2
<Y e 0
4z, a(r):
TO T T T T T T T T T t
- : N ex
oo | z _ div (o grad ¢) = div J
0T L %agradgods—f.]e”ds
PR |
g 3 3
30 ¢t a | .
[ia) F; S
&4 Py, =
20 ¢ 1
10 ¢ ‘P|zg =V
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1986-2005. (right) Annual Vi variation averaged
over all the hours of 1986-2005

275

Mareev E.A., Volodin E.M., 2011




lonospheric potential variation in XX century

Mareev E.A., Volodin E.M., GRL, 2014



e
Mean-annual V, and mean-annual square of

convection in the model (XXI century); RCP8.5
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Aerosol influence on lightning activity

% Second Indirect effect
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D. Rosenfeld et al., Science, V.301, p.1309, 2008



Aerosol impact on clouds

Aerosol Hypothesis
Maritime Regime

Yy N

ot

Clean Boundary Large Droplets Depleted Mixed Phase
Layer Vigorous "Warm" Heavy Rain
Coalescence Mo Lightning

Continental Regime

ehl L R L e e A Y e e L L I A o ) ';-l;:':'
Small Droplets Vigorous Thunderstorm
Layer Suppressed Coalescence Graupel Abundance
Invigorated Mixed Phase Active Lightning

Illustration of the aerosol hypothesis for control of cloud
precipitation and electrification. Williams et al., JGR, 2002



Lightning and smoke from Amazonian fires
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Altaratz et al., 2010. Relationship between number of
lightning strokes between 12—22 local time (#/10 hours) and
AOD. 2006 data are marked in blue, 2007 in red, 2008 in
green and 2009 in black.
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RO
KonnyectBo BcnbiweK (LIS data) u

coaepxaHue NO:2 B ctonbe (GOME data)

Beirle, 2004



«Bce JYYIIHE€ MPON3BECACHUA MOU MUCAHBI MHOIKO IJIS1 KaKOFO'HﬂﬁyIIL CHJIBHOI'O
TaJaHTa U Mo BJIUNAHHUEM ITOI'0 TaJIaHTA...»

Kyiaurun. Bor xorh 0bI Tenepb T0 BO3bMEM: Y HAC IPO3bI YACThIe, a HEe 3aBeeM
MbI TPOMOBBIX OTBO/I0B.

Jukoii. /Ia rpo3a-To 4o Takoe mo-tsoemy, a? Hy, rosopu!

Kyaurus. JiieKkrpu4ecTso.

Juxoun (TomnyB Horou). Kakoe eme tam esecrpuyectBo! Hy, kak ke Tbhl He
pa3ooiinuk! ['po3a-To HaM B HaKa3aHUe MOCHLJIAETCH, YTOOBI Mbl YYBCTBOBAJIM. ..

Kynueun. Hy ueco 6vl 0oumecs, ckaxcume na muiocms! Kasxcoas menepo mpaeska,
Kaxcovlil yeemoK paoyemcs, a mMvl npademcs, doumcsa, mouHo Hanacmu Kakou!
Ipo3a yovem! He 2poza 3mo, a 6aazooams! /la, 6nazooams! ... ny cmompen 0ul 0a
aroosancal! A evl 6oumecsv u 632NAHYMb-MO HA HeDOo, Opodcy eac Oepem! H3zo
6cez0-mo 6wl cede nyzan naoenanu. Ix, napoo! A eom ne 601co. 61



BbiBOAbLI

I
» [['OU n yactota MONHUMN — NOKasaTesnm COCTOSAHUSA

KNMMMaTUYECKOU CUCTEMDI
» Heobxoonm MOHUTOPUHT KnumaTonorum 'L

» CyulecTBYyeT psg MEXaHM3MOB BITUSHUA aTMOCepHOro
anekTpuyecTtBa Ha knumat. Ocobbin MHTEpeC
npeacraBnseT n3yyeHme ponm NoHoB B 0bpasoBaHmu
MEJIKOAUCMEPCHbIX adpo305en n obnayvHbIxX YacTul, CBA3N
MOJTHUEBbLIX Pa3psa0B C MoXXapoonaCHOCTLI N ManbIMu
aTMocdepHbIMK cOoCTaBnarLWMK, moaenupoBaHue ['OL n
BIIMAHUA Ha Hee COJIHEYHOW aKTUBHOCTU B Pa3fiNyHbIX
cLueHapuax pasBuTua Knumara.

> B onunxanwme rogbl cnegyeTt oxnaatb pacluMpeHUS
nccnegoBaHnMn B3aMMOCBA3UM aTMOCHEPHOro
aNeKTpuyecTBa, norogbl 1 KnumaTta. Passutune atux
nccriegoBaHmMm HEBO3MOXHO Oe3 CoBEPLLEHCTBOBAHUS
CUCTEMbI MOHUTOPWUHIa rpo3 U MOJTHMUEBLIX Pa3pPsaos.

r\l-lﬁf\lﬁﬁf\ ~ N I')IIIAI\IIGIIIA/\'



Sources of the secondary cosmic rays detected on

the Earth's surface $Chilingarian, JASTP, 2014)
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lonisation in the atmosphere

4.0 [ —— H=25-43 km (G.A. Bazilevskaya,
35 1 ——20-25km |.G. Usoskin,

%, 3.0 4 T E.O. Fliickiger,

% . 1415 km R.G. Harrison,

v F ) 13.3-14 rm L. Desorgher,

g 20 ::fz::::: R. Butikofer,

f_, 15 1 102113 Kim M.B. Krainev,

E 1.0 | 1 9.3-10.2 km V.S. Makhmutov,
o5 | I IDme e ol | e Yl Stozhkov,
i o o " AK. Svirzhevskaya,
00 —— 5.0-6.3 km N.S. Svirzhevsky,

1955 1965 1975 1985 1995 2005 —aasakm  G.A. Kovaltsov, 2008)

Year

Monthly averaged fluxes of ionising particles
in the atmosphere over Murmansk region
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s
Vertical profiles of the ion-pair production rate

at solar minimum and solar maximum

F —_ E'_D_
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0 | | | | [ | | 0 | [ | [ [ [ |
0 100 200 300 400 500 600 0 O 100 150 200 250 300
Q, cm—3 .51 Q, cm—3 .51

Geomagnetic latitude: 0 (green line), 30 (purple line), 45 (orange line), 60 (blue line), and 90 (red
line). At solar maximum, the cosmic-ray knee moves to lower latitudes and the profiles at 60 and 90
coinside

Slyunyaev et al., JGR, 2014 65



Modelling the influence of conductivity
enhancement in the stratosphere

If the conductivity in the cross-
hatched region above the clouds
IS increased by a factor of 2, the
sign of the change in the cloud
contribution to the ionospheric
potential depends on the source

type

» Current source, no conductivity reduction  AV/V, = 0%
» Current source, reduced conductivity AVIV, = -4.7%
» Voltage source AV./V; = +8.6%
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Modelling the ionospheric potential variation

over the solar cycle
I
246 —
244 -
e 242 —

= 240 -

E @ 238

236

234 I |
min max min

— current-source generators without conductivity reduction
— current-source generators with conductivity reduction
— voltage-source generators

The conductivity variation is determined primarily by the variation in
atmospheric ionisation; in this model problem generators are assumed to
occupy low latitudes, whereas the conductivity distribution is most

perturbed at high latitudes, which eventually results in similar trends of I/
67



A more general view on the GEC sources In

network models

I
We suppose that a thunderstorm is represented by a current-source generator

whose source current #(£) depends on the electric field intensity

> ! h
/ ' I a P\’BXRi\ﬁb
R3 : M
: ?\XX R\)(Rg
. l I5(E) R
I*(E) . I,
D Be v (e
R,
[ 0 . >
Y 0 E. E
> R R R R’
[ I(E)R2 _ EAA ‘ IS(E)Z 1+ MR+ K3+ EAR
Ri + R+ R3 + R R+ R:s + R’ RQ(R1+R3+R,)

The generator can operate in different regimes
depending on the relationships between the resistances

1 1 I,
,.:;[ TR Rir R EAR ‘ a current source
R

I,
o R3 = <EATF ‘ a voltage source N




Conclusions

I
» The traditional source current density description of GEC generators
(corresponding to current sources in network models) in some cases is
insufficiently accurate and fails to account for the existing observations
(in particular, the enhancement of the ionospheric potential due to
nuclear weapons testing in the 1950s and 1960s)

» Voltage-source generators, which have been occasionally used in
network models of the GEC, can be consistently implemented in more
realistic continuous GEC models

» Actual GEC generators probably can operate in different regimes
depending on the parameters of the system; a more general approach
within which the source current depends on the electric field intensity
contains current-source and voltage-source regimes as two limiting
cases (at least for network models of the GEC)

» The variability of the regime of operation must be taken into
consideration in order to faithfully represent GEC generators in
numerical models
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MHOTrOnyHKTOBBIE CHCTEMBI
rpo3omnejieHranuu B Poccuu

Poccusa

. Cucrema «Ansec»
| Pazpabotka OOO «AnBec» u I'maBHas ['eodpusznueckas O0cepBarops
| TToxpsiTe — EBporieiickas 4actb U Ypai, 70 MyHKTOB NEJICHT AN

. CeBepo-KaBKa3cKasi FpO30MENICHTIAIMOHHAs CUCTEMA
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YCeTpoucTBO IYHKTA MeJIeHI Al

. Kommerorep
. YcrporictBo Boltek Stormtracker ¢ mnaroit pacuupenust LTS-2
. IIporpammuoe oOecrieueHue, padoTaromiee moj yrnpasieauem OC Linux

AnmenHna 6 3auiumnom Kopnyce

Boltek Stormtracker LTS-2



e
Hazemurle n3mepenns. evidence for diurnal

variation and large-scale correlated events

BN £\ idence for Diurnal Variations of the Local/Regional Convective
Generator ¢
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LHR difference in the model in warm and cold
ENSO periods
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Parameterz Definition according to-Bergerettl -[1975]= t uclqsl::r}-l-"gn.l:e“la:
. . () :
Pezkcurrent Themaxmum-peak-current-durmg-the retum-strokex = max i(t)
ApStEF,
Stokecharges  1hetotal chargein the stroke, transferred by both the “impulse™ frk:'[t] e
= currentand-the- contmumg-currents A
- . Ep
Thecharge-transferrad by the rapidly-changmg-part-of the-stroke- f £
Impulsecharge®  p, . cor oftal [1975] note-that it-is not precisely- defmed)c  fede
Fu
Flashcharges Thetotal charge-transferred by the-flasho f i(t) de
Ay
M aximum current: di(t)
Thestespest-tangent-on-the-front-of the-strokes max ——=
steepnessc Apstscy dt
: Thetme-mterval -between-the- 2 kA -pomt-on-the-front-and the-
Front-durationz Firstpeaks Cp — By
. : Thetime-mterval-between-the- 2 kA pomt-on-the-front-and-the- n
Stroke duration= half-peak value-pomt-on-the-tzl Dy = By=
: Thetime-mterval-from-the begmnmg -of the-first-stroke-to-the- _
Flashdurationz completion-of the last-strokex Fa—As®
No-current- Thetime-mterval-between-strokes durmg-which no-detectable- Av. . —F
mtervalo currentis-flownga ket ™ FRE
Prospectivestroke- Theenergy-which-would be-dissipated-by-the-stroke-current- f&fz{t} des
mergys flowmg through=-one-ochm resistors A

*-When-vwnting-equations, -we-asammne-that-the-flash-consists-ofn-strokes; -the-subscnpt-k-mdicates-
an-arbitrary {kth)-stroke; -i () -stands forthe aurent-asa fimction of time
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Thunderstorm 1-2 June, 2015
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Lapierre et al., JGRD, 2014
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BbBIBOABI

>

[aH 0630p aKkTyanbHbIX 1 HEOOCTATOYHO UCCeaoBaHHbIX NPObiemM
dopMnpoOBaHNA TaK Ha3biBAEMOW rMaBHOM CTaaun MOSTHUN, C KOTOPOW
CcBs13aHbl ee Hanboree onacHbIE NPOSIBIIEHUSA

[Toka3aHo, YTO AaHHble cCOBpPeMEHHbIX cnctem rposonenerHraymm (NLDN)
noATBEPXKAAoT NIOrHopManbHOE pacrnpegeneHne BCrblleK Nno
MaKcuMMarbHOMY TOKY

MakcunmanbHbIW TOK rflaBHOU cTagumn OopMUpPYeTCs B pesynbraTte
BbICTpOro nocnenoBaTefibHOro NOAKMIYEHNS K BbICOKOMPOBOAALLEMY
KaHasny MOJSIHUN MHOXKECTBA Y4aCTKOB KOPOHHOIo Yexsia, obpa3oBaBLUNXCS
Npu pacnpocTpaHeHnn npeaLlecTBytoLllero nuaepa

[1lpoaHanu3npoBaHbl PrUsnyveckne npoueccol, popmupyroLlme CTaTUCTUKY
nepBon U NOCneayrLWwmx KOMMOHEHT OTpuUaTenbHOW BCMbILKA MOSTHUKX MO
TOKY, 3apsay 1 aHeprum
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MoaenupoBaHue OJIMHHOro cTpuMmepa

3 e .
8’; +V - (n,v, — D, Vn,) = (; N + k*n*)n,
— (k! + k.N)Nn, + (kgN + kin*)n, — Beinenp + S¢
(1)
anp - —_
o + V- (npvp) = (kiN + kin")n, — Beineny
—ﬁii”p”n + Sf (2)
an, _ _ _
;; +V - (n,0,) = (K, + k" N)Nan, — (kg N + kn* ),
—Biinpny (3)
z) .‘* *
% =k*Nn, — k*n*n, — k;Nn* o % (4)
V - E = i(np — Ne — Ny). (5) Tg
€0 z

N.Aleksandrov, E.Bazelyan, 1996, 2007.
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dopmupoBaHue nugepa

N(4S) + O3P) —» NO* + e

1018L E/N =80 Tn

3T 1e—— —+ B
Ny(4X,)+N,(a"X,) —e+N -
2( u) 2( ) 4 ]_Ul?g— O(BP)

Ny(a'E)) +Ny(a"'Z,) — e + N, 1016L

N.Popov, 2003.



dopmunpoBaHue nuaepa. beICTpbi Harpes
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NoHU3aUnoOHHO-NeperpeBHas HEYCTOMYUBOCTDb
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Conclusion

I
» The ionospheric potential (IP) and lightning flash rate (LFR)

were calculated using INMCM4.0 model

» Global patterns of lightning activity on ENSO time scale in
the model appear to be similar on observed patterns when
taking into account the wind shear in LFR parameterization

» Numerical simulations suggest that the inter-annual IP
variability is low and does not exceed 1% of the mean value,
being tightly correlated with the mean SST in the Pacific
Ocean (180W-100W, 5S-5N). The IP maximum corresponds
to the SST minimum in model simulations

» During EI-Nigno time in the model the mean aerosol content
In the atmosphere decrease
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CkBo3Has (a3a

1 — ompuyamenvHulii HUCX00AWUIL U3 001aKa audep, 2 — UHMEHCUBHOE
ezaumooericmeue CmpuUMepHvIX 30H, 3 — 860CX00AWUIL ¢ MOKONPpUEeMHUKa (iapuka)
nonoxcumenwvhutil auoep. Buioepocka kaopa | — 100 ns, 11 — 50 ns. Bpemsa meancoy
Kaopamu — 2 MKc.
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First and subsequent strokes
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Field dynamics as measured at balloon and at
ground
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Effect of corona layer near ground
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GEC evolution: mechanisms
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[lepcneKTuBLI

>

CoBepLleHcTBOBaHME BaHKa AaHHbIX XapakTePUCTUK aTMOCHepHOro
9reKTpUYeCcTBa CpeHUX LUMPOT N BbipaboTka pekoMeHaaumn rno
opraHusauum HENPEPbLIBHOrO MOHUTOPUHIA XapakTEPUCTUK
aTMOC(EPHOro anekTpnyecTaa.

Pas3paboTtka moaenen auHamukm rnodbanbHON SNIEKTPUYECKON LLENU B
YCINOBUSIX U3MEHSIOLLIErOCA KnnmMmaTa Ha pasfindHbiX BPEMEHHbIX
MacluTabax 1 NporHo3 aBositoUMn atMmocdepHoro anektpmndectea B XXI|
BEKe.

ccnegoBaHue 1 BbIDOP ageKkBaTHbIX NapamMeTpusauymin rnybokou
KOHBEKLMWN 1 TPO3 ANHA UX NCMNOMb30BaHMA B KNMMATUYECKNX MOOENSX.

YcTaHoBRNEHUE 0OpaTHbIX CBA3EN MEXAY U3MEHEHNAMU KNnmMara,
aTMOCMEPHbLIM 3NEKTPUYECTBOM U ra30BbIM COCTaBOM aTMocdepbl Ha
OCHOBE YNCMNEHHbIX 3KCNMEPUMEHTOB C MCMOMb30BAHNEM XMMUKO-
KNMMaTU4YeCcKon Moaenn BbICOKOro NPOCTPaHCTBEHHOIO pa3peLUeHus.

Cnacunbo 3a BHumaHue!



