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bannoHHble uaMepeHun:. evidence for ionospheric
potential support and current continuity

Altitude (km)
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R. Markson, L. Ruhnke, E. Williams, 1996
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PocT cpeaHero temna BcnbliwekK B XX| BeKe

INMCMA4.0: 2x1.5 deg long and lat, 21 levels; ocean -
1x0.5 deg long and lat, 40 levels; RCP 8.5

2090 2030 2040 2050 060 2070 2080 2040 2100

BonoguH E.M., 2010
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JHepreTuka atmocdepHoro

ANMeKTpu4yecTtBa
BT

KeasucmauyuoHapHbie moKu 2po3
3-1011' W

'po3oenie obnaka, MCS, Ns
5-1013]

MonHueeble ecnbIWKU: NUKoeast
MouwjHocmpb 10° -~1013 W

IHepa2usi MOJIHUU
107 +~1010]

Tok xopoweu no2oobli
5-108 W

nobanbHbIl KOHOeHcamop
5-10*1J

For electric energy:

WE

T: = ~ 2 min
oW, / ot

For kinetic energy:

K
oK /ot

T, ~ 4.3 days
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» I'mobanpHas ’nekTpudeckas nemnb (I'91]) — uagukaTop

COCTOSIHUS KIMMATHYECKON CUCTCMBI

» BxiroueHnne mnpemIokeHHOM mapamerpuszauuu [OI] B
KJIMMATHYECKyI0  MOJIEIb  BBICOKOI'O  pa3pelieHUs
MO3BOJISICT BOCIPOM3BECTH CYTOUHYHD H CE30HHYIO
BapHalHI0 HOHOC(HEPHOTO MOTCHIAAA

» [loTeryienne  kIuMMara  JOJKHO  COIPOBOXKAATHCS
CHMDKECHMEM MOHOC(EPHOTO IIOTCHIIMAIA

» Baxneiii Bkiaax B IOl (Hapsamy ¢ TIpo30BBIMU
obmakamm) moryT BHOocuTh. electrified shower clouds,
KOHBEKITHS B 00JIACTSAX XOPOIIIEH ITOr0Abl, MOJTHUH
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e
Mean annual values of maximum CAPE
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P/W ratio distribution

60N

30N
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N 0 1N
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Mean ratio of two-hour precipitation to precipitable water
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Modern numerical simulations

I
WRF model for global simulation

Modelling for 1980 — 2020:

Global modelling for every third day since 31.12.1979:
e Total 4992 simulated days

® 2 free runs with 48 hours duration for each simulated day
® [nitialize at 00 UTC at 12 UTC

® One hour history interval

WRF v4.3 with 1° x 1° cells The results of modelling:
Lat-Lon global domain ® Fully restored state of atmospheric parameters for
ERAS reanalysis data as initial condition 40 years with one hour interval

MP_PHYSISC = 2 (Purdue Lin) ¢ \ore than 70 TB data in WRFOUT files
CU_PHYSICS = 2 (Betts-Miller)

TIME STEP =150 s ® (alculations take 9 months

14



e —
O9nb-HUHbO —IOXKHOe Koneb6baHue (QGHHOK)

» OHOK—Hauvwbonee BaxXxHafa Mopa

s inkeMeanTekintneCaknOsimi 3 M E H YU BOC T U
mocJle rogoBBornrouumKlJia CME®eH bl
BpPpeMEeH rojga

s Unkn OHOK cocTOMKMT U3
HeperynapHO CMeHAWLWUX OPY
opyraTténnounmdasdb(Onb-HUHDB
M XonopHoWw dasbl (Jla—-HUHDBA)

-
0)

December - February = N . December - February

r

" Warm

i ~ ‘»i e
- Wet & Cool
&?,{;ool Wet &

Wet & Cool

A‘-—*‘f Dry

Warm Wet

Dry &Warm WetgWarm O Dry & Cool

§ 5 | "'FWarm ‘
\ g‘ry’& Warm :
-

Wet & Cool
: Wet =

(McPhaden, Santoso & Cai, 2021)



BanmaHnHne QHOK Ha cyToO4UYUHYVYIO
Bapumauumio [ 94
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BanvmaHnHne HIOK Ha BKnaagbo CYWU U
okeaHaB I3l

Pa361eHe NOBEPXHOCTM 3EMJIA Ha CYLLY W OKeaH
90N g sy ey ey ey ey ey ey

» CpeagHMWeEe BKNnapjgb Cywwu
moKkeaHa B [ 93U
OTKNUWKaAWTCSH Ha UMKUKDAN
O HHOK
NMPOTUBOMOMNOXHBIM
obpas3om

= Bknango oKkeaHa
HEeCKONbKO 6onee

, - yyBcTBUTeneH kK AHKOK
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PervmoHanbHbe Bknapgbo B ITOU BO
BpemMAa cob6bb TN DQHHOK

Pa3bveHne NoBepxHOCTW 3EMAM Ha PErVIOHBI 0 Tuxnit 0KeaH, CUNbHBIE 3Mb-HUHBbO : Tuxuii okeaH, cnabHele Na-HuHba
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CpaBHEeHUE C USMEepPEHUAMMU B
AHTapKTuage

MogenvposaHwue ¢ nomowbio WRF Mogenuposanue ¢ nomousto WRF
OkT-thes, 2015/16 (+2.53 °C) n cpeaHee 120KT—C|JEB, CWAbHbIE 31b-HuHbO/Ma-HuHbA = NsmepeHns

v

MoHochepHbIA NMoTEeHL,

pagoneHT NnoTeHumana

SNeKTpUuYyecKoOTr
) O MONA Ha
1.1 A 1.1 P CTaAaHLUMWUMU
o .,'?'ﬁ’_... o . pr 4 \.::
2 / ‘ KBocTtTok>»HB
5 1.0 1.0 s AHTapkTwuame (2006
L Sl L ‘_t:i Q\/ Y 2016)
g09 0.9 +—=H= 1 noaTBepXaawT
< npeACKa3aHHLMH
b4
0.8 0.8 B
024681012141618202224 0 2 4 6 81012141618202224 Mo pe NMPOBAHMUM
CraHumsa «BocTok», AHTapKTKaA CraHums «BocTok», AHTapKTMAA 3 (b(b eKT
i T OkT-theB, 2015/16 (+2.53 °C) 1 cpefHee 15 OKT-(heB, CuNbHbIE 3Nb-HNUHLO/Na-HNHbS BO3MLeNcCTBMWSH
L .o OHHK Ha I 3
¢12 ] 1.2 /’\ H
511 #j\\ » /'\:& = Pe3dynbTarthsl
a Fo ‘\ - R M3IMEPEHMUMN
- k
£ 1.0 X% 10 W1 9NnNeKTpuUuYeCcKOT
E 0.9ttt . 0.9 4|4 R \%& ononda onanekKko
%08 et 0s OT 3KBaToOpa (B
X U, .
g Yncno aeir: 70, 695 Yucno areir: 148,218 | O TCYTCTBMUE
0.7 T T T T 0.7 T T T T 1 HenocpeagcrTBEeEeH

I [
0 2 46 81012141618202224 0 246281012141618202224 | o r o
Bpemsa UTC, 4 Bpemsa UTC, 4 BO3AEeWCTBMWSH

O9nb-HMUuHBO M Jla-

11 .. .. . =\



Ubnnob RJIJWUMMmaAadl a wm
9NEeKTPOMATrHUTHOIO OKPVYXeEHMUSH
3eMJ1|4

» BnepBbe TeopeTUMYeCcCKM NPpeacKasaHa U

HO NOoOANTBEeEpPXAeHaC CTaTUCTUUYECKM
%emuy FrTo6anbHOW 3 NeKTPUYECKON LLeNblo
(Frdud)mMm knumatTmyeckonmMoagom 39 nb-HUHBbO —HHXHOe KonebaHue
(O HHOK)

= CnomMowWbiOMOOAENMUWPOBAHMA, OCHOBAHHOTIO Ha

MCNONb30OBaAaHWMU MOLENU NPOrHo3anoroab WRF, aHHBIX
peaHanlnM3aunmnapamMeTpMm3auMuMm MOHOChDEepPHOTronoTeHUMWana,
NMOKa3aHO,YTO CUNbHbBe cobbTUA 3Nb-HUHBO M Jla-HUHDBb A
BANUWAKWT HarnobanbHoOoOe pacnpeldeneHne 3 NeKTPUYECKM
AKTUBHB X 06NaKOB,YTO NPUBOAUT K U3IMEHEHWUIDOPM b
KPUBOMW CYTOUYHOMW BapmauMUMm HOHOCHEepPHOTronoTeHULMWanNnawu
opyrmx napameTtpos [ 93U I[1]

» OnMcaHb MeXaHMUW3IMb BAMUAHMUA MOoAb OHOK Ha cyTOoO4YHYIO
Bapumauunmw I OLU, B YyacTHOCTM NOKa3aHa BaXXHadponb
9NEeKTPUYUYECKU aKTUBHB X obNNaKoBHaO oOKeaHaMW,BKnaahm
KOTOpPbL X NpexXanoe HepooULeHMWBANCA M3-3a MeHbLWeEHN
MOJTHMEBOMW aKTUBHOCTHU; MOAPOOBHO M3YYeHO BAUAHKUE MO A
OHKOK Ha pervMmoHanbHbBE BKNagobl B MUOHOCHDEpPHbB MW NOTeHUUWanN [2]

» [lonyyeHO NepBOEe 3 KCNepUMeHTaNnbHOE NOATBEPXOEHHUE
cBaAa3nWlIOU MM knumaTmnmueckom moagb OQHOK Ha ocHOBe aHanua3a
LaHHB X MHOTFTONEeTHUX U3MEPEHUN aTMoCcdhepHOTO
9NeKTPUYEeCKOronona Ha aHTaAapPKTUYEeCKOMN CTaHLMUM
KBocTok»B2006-206 ronax;maTtTTepHb OHHK, npeancka3aHHLE
MOOLENbW,CTAaTUCTMUYECKNU 3HAYUMO Pa3INUYNUMBbl B

39 KCNepuUMeHTaNbHbB X A4aHHBHbB X [3]

ABTODH: HH.CnoHaeB, HB. UnbuHu, ®.T.CapadaHosB,

RA I 11!l m e o e e 2t e ' A V"I 1A MMM /A8 IS A LIS
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PE3YNIbTATOB UBSMEPEHUMH
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Monoyne KOMNIEKCHOW aMnnanTy bl
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PesyneraTer pacuéra MOLy/Isl KOMIUIEKCHO aMIUTHTYAL PaIHAIBHON KOMIIOHEHTHI 3JIEKTPH-
YECKOr'o MOJIsl ¢ YU&TOM npoBoguMocTH (44) npu pacnpe/ie/ieHHH HCTOUHHKOB 10 3€MHOII IOBEPXHOCTH
cornacHo naHHeiM cetn WWLLN 3a 2016 rox: (a) pacuér nna touku r = Rg, ¥ = 0 (nomwoc); (6)
pacuér Jylsl MecTH pa3iIniHbBIX ToOUeK npn r = Ky, a nmenno: ¥ = () (nomoc, cunsst kpusas), ¥ = /2,
= 0 (Touka Ha 9KBaTOpeE, KpacHas Kpusas ), ¥ = 7/2, p = m/2 (Touka Ha 3xBaTOpe, (hHOIETOBAA KPH-
Basi), ) = m/2, ¢ = 7 (TouKa Ha IKBaTOpe, 3eEHan Kpusasi), ¥ = w/2, ¢ = 37 /2 (Touka Ha IKBaTOpE,
opaHzkeBasi KpuBasi), ¥ = 7w (moustoc, pososas Kpubasi). BeauunHa aMILmiuTyabl 10J1s OTHOPMHPOBaHA

Ha 1000 ognoepemenHo JeficTEYIONINX HCTOYHHKOB.
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Hamypnbvie naoarwoenus

0 10 20 30 Distance (km)

Cmeno « CITPAHUT)»

8

10 . 10
1
5
11
L, 11 15
L
.
6 -—
15 |
==

ok
7 m 2

12

w — & =

JlabopamopHnwtil Ixkcnepumenm



HccnegoBaHye BO3MOXKHOCTH JUArHOCTHKY CTPYKTYpPbI 06/1aKa

] 110 UBME€PEHHUAM IIOTOKAa MIOOHOB
GRAPES-3 Experiment
I'po30Boe 3/1eKTpHYecTBO B KOHTEKCTe (Ooty, India)

1/100a/IbHOM 3/IeKTPUYECKOH LieITH:

} Buicora

cosmic

3)1€KTPOCT8TH‘(ECKH"I NOTEHIHAA

* https://grapes-3.tifr.res.in/

10 1 2 24 2
‘\’ T s A. Chilingarian, G. Hovsepyan,

M E. Svechnikova, and E. Mareev,

“Comment on «Measurement of the
T electrical properties of a thundercloud
[TT11111 through muon imaging by the

i O D
7 GRAPES-3 experiment»’; Physical
¢ Review Letters, vol. 124, 01 2020
s w 2w e ar (a)
Measurement of the Electrical Properties of a Thundercloud . ;
lhrough Muon Imaging by the GRAPES-3 Experiment
ott 122 05101 - Put
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COKpaweHWe Nnowagouu necoasB
AMAQa3OHUWN NPUBOOAUT K
VMEeEHbBLWEeHWI KONTUYEeCTBaA

MAmepnke’P

Total c: b n from deforestation 2001-2019

Deforestation

al carbon from deforestation [TgC pixel)

Colin Price; Raam Bekenshtein; Evgeny Mareev Is Amazon deforestation decreasing the
number of thunderstorms over South America? // Monthly Weather Review (accepted).
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Is Amazon deforestation decreasing the number of

thunderstorms over South America?
[

Lightning activity is predicted to increase with global warming, though estimates of
lightning sensitivity to a change of temperature vary widely. This paper uses large—
scale meteorological parameters tied to thunderstorm generation to improve
existing empirical models that simulate regional thunderstorm behavior. This study
focuses on South America, and uses the ERAYS higher resolution reanalysis data
(ERADS) to develop our empirical model. Thunderstorm data was taken from the
World Wide Lightning Location Network (WWLLN) and processed using the
clustering algorithm developed by Mezuman et al. (2014). The two meteorological
parameters that correlated best with thunderstorm clusters in South America were
specific humidity (SH or q) and convective available potential energy (CAPE). The
resulting empirical model was run from 1979-2019 using ERAS reanalysis data as
input. To our surprise, South American thunderstorms exhibited a negative trend
over this period, with a ~8% decrease in thunderstorm clusters since the 1980s
even with a rise of 1K in temperature over the same period. The regions of largest
decreases in thunderstorm activity align well with estimates of deforestation. We
estimate that for every 1 Tg C lost due to deforestation, there is a 10% decrease
in thunderstorm number.
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lllymaHa oOka3bliearom cyu,ecmeeHHoe enunHue Ha ceemosyro
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| OdHoepemeHHO, o6pabomka OMI1 ebi3bieaem yckKopeHUe Cc8emouHOyUUPOBaHHbIX
U3MeHeHul uccnedoeaHHblx rnokasameued.




Potential primary targets of EMFs in plants

Changesin Ca?*  Changes in ROS Changes in activity of
transport production electron transport chains
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Hypothetical ways of influence of extremely low frequency EMFs
on productivity and stress tolerance of plants.

Sukhov V, Sukhova E, Vodeneev V  Progress in Biophysics and Molecular Biology, 2019
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Intensifying climate extremes: projections for 2100

N Previous climate
INCREASE IN MEAN AND VARIANCE
[}
(c) g .
MUCH MORE g New climate

L PREVIOUS HOT E4
Ow CLIMATE —> WEATHER 9 More record
>0 MORE o ;
EZ - l extreme rainfall
Eg LESS ) RECORD 5 and flooing
ol CHANGE HOT z
59 FOR \ WEATHER H
20 COLD NEW 3
o WEATHER CLIMATE a

I | .

COLD AVERAGE HOT Dry Moderate Wet

Coastal extreme water levels

P Wv‘w‘\n

# of days with P > 95%

Il

O T (o - @ |

N B o 2 4 05 02 01 0 01 02 05 1 2
45 -5 44 1 5 15 30 45 60 75 100 150 200



Global warming projections

Simulated change at 1.5 °C global warming Simulated change at 2 °C global warming Simulated change at 4 °C global warming
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Coarse sea spray inhibits lightning? (Pan et al.,
Nature Com., 2022)
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Coarse SeaSalt Concentration (pg m”
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Relationships between aerosols and deep concective cloud (DCC) properties. The dependence of the
cloud top temperatures (CTTs) of convective core (a), domain-averaged rainfall amount (i.e., rainfall
depth) throughout DCC lifetime (b), and lightning flashes per km3 of rainfall (c) are given as a
function of fine aerosol mass concentrations (bottom abscissa scale) over land (green lines) and ocean
(blue lines). The red lines give the dependence on coarse sea salt (CSS) aerosol mass concentrations
over ocean (top abscissa scale). The I-type vertical bars indicate standard error. The aerosol bins are

at intervals of 5% of the cases. The total number of data points for each line is shown in the legend.
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LITHOSPHERE-ATMOSPHERE-IONOSPHERE
COUPLING DUE TO SEISMICITY (LAICS)

0.80 —

Mareev, E. A., Iudin, D. 1., and
Molchanov, O. A.: Mosaic source
of internal gravity waves
associated with seismic activity,
in Seismo—Electromagnetics
(Lithosphere—Atmosphere—
Ionosphere Coupling), edited by

G e me em ol s Hayakawa, M. and Molchanov, O,
e ——— Terraldub, 335-342, 2002.

Fig. 7. Ray diagrams for different relative frequencies x=w/N.
Meaning of resonant ray angle yrr and maximum radiation angle
yrm are explamed by dashed lines. All the ray values p(x, i) are
multiplied x3=cos? yrr for convenience of presentation (from Ma-
reev et al., 2002).
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Aerosol impact on clouds

Aerosol Hypothesis
Maritime Regime

oy OO

X 17l
13 R
’
Clean Boundary Large Droplets Depleted Mixed Phase
Layer Vigorous "Warm" Heavy Rain
Coalescence Mo Lightning

Continental Regime

Pulluted Boundary Small Drnplets Uignraus Thunderstnrm
Layer Suppressed Coalescence Graupel Abundance
Invigorated Mixed Phase Active Lightning

lllustration of the aerosol hypothesis for control of cloud
precipitation and electrification. Williams et al., JGR, 2002
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Lightning and smoke from Amazonian fires
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Fig.4 from 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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Hukia CO2 u ruapocdepa

Ponnb BHYTPCHHUX BOOAOCMOB KAaK aKTUBHBIX U 3aMCTHBIX
Y4aCTHHUKOB B rJ100aJIbHOM YrJICPOAHOM IUKIIC HCOCIIOpHUMaA
(Regnier et al., 2013) — onu npeaCTaBISAIOT COOOH
Oxean saenaemcsa cmokom ona ~ 25% ammochepnozo  peaxrusmwiii pesepByap 3eMin, KOTOPBIH PeTyIUpyeT,
CO2, svibpacvieaemozo 6 pe3yibmame 0esAMEIbHOCMU  CKOIbKO KOHTHHEHTAIBHOTO YIIepo/a JOCTUIaeT OKEaHOB.
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Grouna—gasea measurements o¥ microwave grlgﬂtness temperature

and electric field fluctuations for clouds with a different level of
electrical activity

----------------------------- 4 -‘\\---...__
""" v By 108
—_— OOmaHEIIT

v"\‘ -
cmoit  ~ Cb

104 I

7 (). K2z
0
w

102

~1 KM

100 - w

~30 M

~1.7 kM

10°%

a npoBenLEeHMWNA et 100 T ag® 4g? a4

Cxewm .
93KCNepuUMEeHTOB: 1-

spawue WUNO PAH 2 - CbeAMenne a speus
g:;zgagﬁ(g:”: 2013 1 3 - CrneKkKrTpaldbHEbE

! NMAOTHOCTMHU BAYKTYaUHUU

PacnoNnoXeHUe YT YTy

P an A MENRRI@ REeLZUB (@1) Vo - ,

60 3 qp H' = TemMnepartrypesl 0671aKOB,
Mgnusarée'f' Kurmbelt ATMOSRES®H-21~00%16 crninowr s e JAUHUHU —
FrOPU3OHTANbHOIO CHOC a.

N AP U D T A a ) 1w T o —



(ROUS)

Biological effects of extremely low-frequency electromagnetic field

Project. Main steps

} J\/) o
, . H.&
> Threshold definition - 7 =
. ™, e+H,0* H,0*
- HN_ ¥(H0), x ¥
> Identification of poteptial tar ets (in vitro) i - ’1005. g

AJueous s&a &(" g C 0,"+H*+— HO,* H,0,

Biological Tac‘omo/ecu/es (in vitro)

A ‘held varnat

> The role of Jgna/ing systems in _tlze f/;e EMF effect

Ed

Ca?* Ignallng muorestnce ana/y!/s)

RO signaling (fluorescence ana/ysvs)
Electf}ca7 signaling (microelectrode ‘echn/c.s',} 1 etk
. 'Phytohormo'es (mass ectfbmetry) i

' ' :

| L. '
, > EMF-induced charges in the activity of . .
photosynthesis (PAM-imaging) =~

'ANE .

» The role of photosynthetic responses in
changing productivity and stress
tolerance




