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Kostinsky et al., JGR (2016

Two 4Picosframesshowingthe breakthroughphasg(l) andlaterreturnstrokestage(ll) of anegativedischarge
to groundgeneratedby the cloud of artificially-chargedwvaterdroplets The exposurdime for eachframeis 100
ns and the time interval betweenframesis 2 ¢ sLabeledare the electrodelesslownwardnegativeleaderl,
upwardpositiveleader2, andthe commonstreamerzone3. Image(ll) wasconsiderablyfainterthanimage(l)
and was contrastenhancedmore than image (1), to improve its visualization AGP standsfor fi a b dhe e
groundecp | aneo
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HV cathode time

space
leader

Biagi et al., JGR, 2010

primary leader channel

positive
streamers

V. A. Rakov, The Physics of Lightning, _ ——
Surveys in Geophysics2013 ol B 4 v .- )

~2m A \
A snapshot (a) step s(c;p

Petersen and Beasley, JGR, 2013 ‘“TJ\—“—/A—*—JL

tens of us

20m
o S—

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)

20 m

4 —1 5
7 7 8

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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Return stroke current
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Time, us Time, ps
(a) (b)
Mlkl et al. (2002) Channel core i(z'+dz't+dz'v)
Corona sheath 6(% outer__J- =iz
Sy 4
Return stroke current at the channel base and (b) = :1@ N -—
corresponding horizontal (radial) electric field 0.7 curent | ; i sy
. . . (charge deposited) \)‘_ s 1 -
m from the triggered lightning channel core 0T
4 = e

Maslowsky and Rakov (2006)
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Longitudinal current
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Berger et al. (1975) data for peak current
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Peak current, kA
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A=,
Histograms derived from Berger et al. (1975)

Negative first strokes Negative subsequent strokes

Count

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90
Peak current, kA

0
0O 3 6 9 12 15 18 21 24 27 30 33 36
Peak current, kA
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LightningPCT Ber ger o0s DI stri

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 (Be
et al. 1975). The distributions are assumed to be lognormal and given for (1)
negative first stroke@N=101), (2)positive first strokegN=26), and (3hegative
subsequent strokésl=135).
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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)

Current, kA
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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, areé330,180, and 400 CAdapted 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 @78 Cooray and Rako2012
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Conceptual model of the electrical structure in mature;latithde convection. Four
main charge regions (with red + for positive charge, blfgr negative charge) are typically
found in soundings through updrafts, while soundings outside updrafts have at least six
regions in common. Representative electric field (E) and electrostatic potential (V) profile
the nonupdraft (left) and updraft (right) of the convective region are also shown; the altit

in these soundings do not correspond exactly to the conceptual model. Schematic
representations of an intracloud flash (in green) and a ¢gdound flash (in purple) are
shown as they might appear in lightning mapping datalenburg 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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First return stroke peak current, kA
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Cooray and Rakow012
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Electric field in thunderclouds
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I
U The CIGRE Broshure #549 (2013) recommends the use of

direct current measurements.

U 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)

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

U For negative lightning, the maximum directly measured peak current is
about 200 kA.

U 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

1 Inl —Inl,)?
b= g2
0. 0<E < E. v 2ol 20
E-E,

= E EF<FE
P(E.1) {51—51]’ o< L < Ey,

1. E > Ep:

(1) dT
Frp(e)=1— lim exp (f In(1 - P(E(T),10)) —)
n—e+0 0 L)

17
=1— Iim exp(rl f ln(l—P(E’,Tu})j—;(E’)dEr)
0 JE(©)
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Statistical distributions of lightning peak currents:

Why do they appear to be lognormal?
I

&0

20

Peak current, k&
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Lightning Detection Technologies '
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Courtesy of Dr. K.L.Cummins and Vaisala
VLF: 3-30 kHz; LF: 30-300 kHz; VHF: 30-300 MHz




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 T 48 kHz, combination
of TOA, MDF, and waveform recognition algorithm (relies on the bank of
Ancanonicalo field waveforms for dif
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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 Os
Mismatch (N=7)
Median Absolute Peak Current 30%
Estimation Error (N=7)

Adapted from Mallick et al. (2014)
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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

14 - - o
12
.
10 : Bl T - . S AE TN
. > - =59 B v va e Nl YU
Moy A S o Tt TN AL
s . Sie e
v "

>
W

Height (km)

|

= "
. .
R
¥
»
:
s :-.\',:'; Y . .
. Ve &
- * '

0 2 K 3 N L [}] 12 (L) 16 s 20

Distance from radar (km)

L

« 13 10 14 38 18 10 20 22 24 24 34 20 30 ¥ 37 M4 34 37 31 AL 42 A) AL AL 43 45 S0 53 84 S8 46 S0
(320 g - H

rLed

OLANT I m DT LOM (9008 Pkt DS DN 083 degemen
AR LA promm Do 200 LOROS 190201 w200 ORES TR R0 and 500 bom o nlie snarp Pl

Altitude fkm)
&h

Aliuds (km)

10

Merth-South destanca (km)
&h

VHF sources af triggered flash, T Aogust 2070 at 20:42:09 LITC

":Lﬁﬂ“hi—‘r& PyE i o
i . '

20:42:10,3

3388 ps

b ’
T A -,
T
L x =
- o
-l
A Eﬁ\' s
! o
"
wAl
.I"i
[ R

4 10

al=histegram

R ; i
s
| i

0
East-West distance (km]



Pacnonoxenne NYHKTOB Had101aTeIBHOI CeTH




z am
PO I

YKanosck
6

»

3aBonxbe Foposey

lvHAaa
BanaxHa
noc..ruapotopd
Bonbluioe Ko3uHo
1 5p
HIA)KHM 565 \poA
/g
BOCMONUHCKUIA L. o /qu>0hv«Ho
Azepxwmcx ; —
PAAPCK poorixa & Hosmn.ui 4 K AaHOBCKUA
\ Apy);Hblfﬂ N
BypesecTHink~ % Kcroso
ey % _Bsa3oska HoBonvkeeso
Boropoack ~ !
! Wenokwa

Y

http://nowcasting.lightninglab.ru/
http://diogen.lightninglab.ru/

PAOaPAOd OPMOXI

CeméHoB

)

A

AXNazdal FENI

(ObbekTel Ha kKapTe
(
(2) ©nrokcmerp MOM PAH

1) ©nwokcmeTp u rpodonenedratop N PAH

)
)
(3) ©nrokcmetp HHIY
(4) Asponornyeckan ctaHyua "HuxHuia Hoer .
(5) Meteopagap

(6) Bon#ckaa MO, rpoaonenexratop

(7)

7) l'poaonenedratop

2

36



t POXYWIII PXAYMN

U Multi-station regional
lightning detection system
(Boltek Stormtracker

devices) 0‘

i Quasi-static electric field Y
measuring network f e

U Meteorological and radar
data

Lightning location system data for a

thunderstormon July 5, 2016 from 8.20 to

8.30 UTC. Nizhny Novgorodis in the center

_ Three yellow dots represent observation
Kuterin et al., 2014 pointsThe scaleof the mapis 150150km.
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55°E
We have chosen the strategy of e o
two embedded grids: the externales = 7 7~ goen
grid covered the European part of ;
Russia (the area of 12001200 knmsew 7, *: N seew
size with a step of 3 km), and the Axd on J
internal one of 210*210 km size sew 1.7 50 I
with a step of 1 km. ‘ 9
saon \ ‘ ‘7 Saon
Global Forecasting Model (GFS) | .
data with a resolution of 0.25 ., "= o | oo
degrees are used for WRF mode |

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., 2(0it4s://www.ncdc.noaa.gov/data
access/modeadata/modedatasets/globdabrcastsystemgfs



Thunderstorm 1 June 2015 14:3G 21:30 (UTC)
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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
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Mean annual flash density per km squared
In INMCMA4.0 model for the modern climate

F.=3.44 310°H*° F,=6.40310°H""®  cPrice & D.Rind, 1992
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Chronis et al., 2008 A L N e

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

aemgdniocrmonths
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Variability of global lightning activity on the
ENSO time scale by G.Satori et al., 2009
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Lightning shows strong regional preference during different ENSO phases. Mc
of the areas appearing during the warm ENSO phase are located away from t|
equator and coincide with regions of anomalous jet stream circulation enhance
by the meridional heat transport 45




WRj B L BdOd dgs2 d djed

yduaeSkzazvwydd o vdattdz € J

Berep
Janan «— Bocrok
Tenno — — Xonona
l T
l T

3o0HanbHaa WMpKynauua

HOr DJKBatop Cesep

- = - — —

MepuanoHanbHas LMpKynauma



R,
3APTYI O Ol PMI Z®TOEé 1 =




2 Y2PXM ZI

60E 120E 180 120w 60w 60E 120

== I I [ [ I ~—=SNN [ [ I [
-2 -1 -05 -02 -01 01 02 05 1 2 4 8 -10 -5

IANPIPXa ZINMNTIAMXZIZ ZIZIOMOIAPKREZXPT=FOIMB | OXZA ZOTDH

(1/ (=02 HZIO®)) ©O03 TIZIOZKMXI OBPINY MAENKNMIANKIP @G TN O
QAN AGKP a@ZAPPGI MNZOI OM, 500 SMEI ®XZ3 ZOTHEI = =3V

TYI OO POYOXYMAOaPZIHZ B=ZdTI YMPGPXAMN ®POZMHA D=IYI O

FL1 = FL *(SQRT(SH**2 +SH0**2)/SH0)**6

48



The Galilee and Carnegie

I
The Galilee and Carnegie became the Carnegi e

specially, built from wood, copper and bronze, with an observing deck

Galileei 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
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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

Section 3 Section 6
Mesoscale convective system DC Global Aus‘tausch g_enerator

Planetary electrification Section 12
. ! e ] Section 14 AC _Glo!)al Fukushima Accident
Circuit Circuit <

Variability of

Electrified shower lightning activity
clouds L on cloud on the ENSO

Aerosol affects
Lightning

microphysics time scale

Section 2 Section 4 Section 11 Section 9 Section 7



Electric generators in the atmosphere:

problems of parameterization
I
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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

i, kY
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time, years

Mareev E.A., Volodin E.M., GRL2014
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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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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

lllustration of the aerosol hypothesis for control of cloud
precipitationand electrification. Williams et al., JGR, 2002



Lightning and smoke from Amazonian fires
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