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Abstract. A crucial part of electromagnetic phenomena in these theories are still not capable of answering the key issues
many atmospheric processes is verified by systematized dataoncerning the physical mechanisms of the origin and the in-
The multilayered charged system of clouds represents somensification of TCs, maintenance of their stationary phase,
dynamically equilibrium structure kept by the ionic and po- manifestation of geographical, temporal, frequency and other
larization forces. The estimates of acting forces are presentedsymmetries.
and the necessity of taking into account the plasma-like sub- Possibly, due to excessive specialization in science, the
systems’ effect on some atmospheric phenomena is demorspecialists working in atmospheric sciences remain indiffer-
strated, including the formation and the maintenance of theent to a large set of phenomena (namely, electromagnetic
structure and characteristics of their movement. phenomena) observed in this area of research. At the same
time, experimental observations indicate the presence of ex-
tended charged regions in the TC structure and the presence
of strong electromagnetic regions in the TC and tornado re-
1 Introduction gions (Black and Hallet, 1999; Vonnegut, 1960; Ziegler and
MacGorman, 1994; Winn et al., 2000; Krasilnikov 1997;
Electromagnetic phenomena are present in almost all prochaimers, 1967; Williams, 1989; Marshall and Rust, 1995;
cesses in the world. A striking example here is the elec-gyrne et al., 1989). In all similar phenomena one can see
trical activity manifested within thunderstorms. The electri- e generation mechanism of charged particles by friction
cal activity also takes place during the passage of tornadoegone of the possible mechanisms). Even in a phenomenon
There are other examples of hazardous atmospheric phenorgg quite different nature, such as a dust storm, the charges
ena. The most impressive of which (in size) are hurricanesgre intensively generated on dust particles upon their friction
typhoons or tropical cyclones (TC). The present paper isyjth each other. Apparently, the friction of ice pieces with
mainly devoted to study of these large-scale, vortex atmogach other plays an important role in snow tornadoes and in
spheric phenomena, but not to them exclusively. tornadoes generated between the clouds. In some phenom-
The nature of TCs and tornadoes has been systematicallyn there exists an evident mechanism of ion formation: for
studied for more than 170 yr (Hare, 1837; Riehl, 1954; Khaingxample, tornadoes sometimes arise over powerful fires or
and Sutyrin, 1983; Sharkov 1997). Plenty of time and finan-gyer the eruption of volcanoes (in both cases the tornadoes
cial resources have been spent for these purposes in manye |inked to a particular source for maintaining the ions and
countries of the world; this is related to the extraordinary rapidly deteriorate as soon as the contact with a source is
practical and theoretical importance of the problem. Despitgqgt).
the progress reached in this field of research, exhaustive al- The preliminary estimates (Artekha et al., 2003; Arteha
gorithmic theory still has not been constructed (see someyng Erokhin, 2004) have demonstrated an important role
criticism in Dobryshman, 1994; Artekha et al., 2003). As of electromagnetic forces in the inflow to the axis, in the
this has taken place, the hydrodynamic theories (convectiofeyitation of particles, that is, in organization of ascending

plus Coriolis force) have been mainly developed. However.figws and in formation of the structure of clouds. In these
though short-term guessing of trajectories is now possible,
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articles the idea about the influence of electromagnetic force Some key observational data

on large-scale atmospheric vortices is discussed. Although,

actually, the conventional simple comparison of forces inlt is well known that the zone of genesis for typhoons is lo-
physics can help in elucidating the character of processes ooated between the latitudes of°30 and 30 S (except the

a linear section only. The problem can be reformulated innear-equatorial regioft5° since the Coriolis force is small).
another manner. Hydrodynamic equations tacitly include theThe necessary conditions include the warm ocean (6.1
implementation of any pre-specified process (under appropriand above); in modern theory low vertical wind shear and
ate initial and boundary conditions). How does the probabil-pre-existing disturbance are also needed.

ity of transition to the TC state, which is the area of our inter-  Let us present the “crucial” data set, which forces one
est, change under the effect of forces which accomplish sucko think about the possible role of electromagnetic factors
a transition “purposefully”? In addition, one should take into in the atmospheric phenomena under study (Artekha et al.,
account that there always exist temporal and spatial scale€003). First of all, one should mention here the geographi-
for which the approximations we have chosen (even strongestal asymmetry of typhoon genesis (Khain and Sutyrin, 1983;
and most correct ones) are sometimes violated. The systenbdobryshman 1994). That is, the number of TCs originated
atic trend of a state occurs on these small parts of phase patind developed in the Northern Hemisphere is twice greater,
under an effect of “targeted” forces. Thus, in the general non-on average (from 1.5 times to 4 times), than in Southern
linear case, the ignorance of “targeted” forces is lawful only Hemisphere. As such, separation into the Western and East-
in the case in which their integral effect during the lifetime ern Hemisphere is a purely conventional approach, from the
of the given process is small as compared to actually obhydrodynamic viewpoint; yet, nevertheless, distinct typhoon
served manifestations of the studied process. Moreover, evegenesis asymmetry is observed: the number of TCs origi-
in the customary hydrodynamic description, the system denated in the Eastern Hemisphere is twice greater than the
velopment trend is, all the same, always specified “implic- corresponding number in the Western Hemisphere. All pair-
itly” (either via artificially specifying a large initial vorticity — wise differences of ocean surfaces (at the zone of a typhoon
or by specifying a desirable form of the required solution). genesis) for the mentioned hemispheres are much less than
However, if this key issue has already been specified “manuthis value.

ally”, one could ask, what are we searching for, as a matter of The binding to temperature conditions (26Cland above)

fact (from a physical viewpoint, but not meteorological)? It of the ocean surface cannot fully determine the physics of
would be desirable to find just the physical mechanism whichthese phenomena. So, in the north the TCs are observed
is responsible for transition to a TC and for maintaining its above the northern latitude of 3%ut this is not the case in
structure. the south (Dobryshman, 1994). Since the mean duration of

In any case, the work we have carried out does not claiml'C existence is about one week, and the necessary temper-
for substitution of existing developed theories but supple-ature conditions exist in many parts of oceans during much
ments them by studying one more side of these complicatedarger periods of time, it is strange that TCs do not arise there
atmospheric phenomena. at all.

The processes in upper layers of the atmosphere (strato- The average sizes of TCs in the Atlantic and Pacific oceans
sphere, ionosphere etc.) can have an active effect on typhooare different (Baibakov and Martynov, 1986; Merill, 1984):
genesis. The mutually opposite phenomenon should also bBacific Ocean TCs are slightly larger in size than Atlantic
observed — namely, the responses of the given tropospheriones, but Atlantic TCs have slightly greater rate of rotation
processes in the ozonosphere (Gushchin and Sokolenkdhan the rate of rotation for Pacific Ocean TCs (which anti-
1985). Disclosure of the role of TC energy exchange with correlates with the geomagnetic field value in the TC origi-
the open system — the upper atmosphere — demands furtheation area).
study. It seems to be absolutely unclear as to why TCs are com-

The main objective of this paper is as follows: pletely absent in this certain zone of the ocean close to South

) ) America and close to Africa from the Atlantic side (see

— To draw researchers’ attention to the facts (notincludedr;g 1 \hich is publicly available on the Internet). Gener-
in the conventlonal, developgd .dlrect|ons) concernmga"y speaking, the TC generation area is located not simply
the role of the Earth's magnetic field and of electromag- i, the ahove-mentioned zone (as it should follow from purely
netic processes in a TC, the role of TC interaction with hydrodynamic reasons), but, more likely, at the last zone in-
the open system (upper layers of the atmosphere).  grsection with the region located around the geomagnetic

_ To systematize the experimental data and carry out esti€quator. Possibly, there exists some threshold on the verti-

mations of all influencing factors. cal component of the geomagnetic fie|®,| > 2x 10°T
(see Fig. 2 from the handbook of Grigoriev and Meilikhov,
1991). This begs the following question: is it random coin-
cidence or the same factor that violates Earth system’s axial
symmetry in the atmospheric phenomena (is it possible, that
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Fig. 1. Global tropical cyclone tracks (from Wikipedia).

it is an additional necessary condition?)? We remind that the
magnetic axis does not coincide with Earth’s axis of rotationFig. 2. Vertical component of the Earth’s magnetic field (from the
but is inclined to it by 11.5and shifted by 1140 km from the handbook of Grigoriev and Meilikhov, 1991).
Earth’s centre towards the Pacific Ocean.
Many TCs arise in the middle of the trade-wind zone with
an absolutely homogenous air mass. This means that the idehe fields of action of indicated mechanisms are close to the
of a large initial pulse and of temperature contrasts in thelocalization regions of charges with opposite signs. The jets
convergence zone is often unfounded. of outflows from the top of a TC are not axially symmetric,
The statement about the unique mechanism of convertingnd their direction is not a random function. Possibly, these
motions into a vortical motion via the contact with ocean jets are highly influenced by charged particles, which tend to
is wrong: the TCs, even if they arrive inland, do often ex- have drifts to the poles.
ist for a long time — not to mention that a considerable part It would be tempting to consider all steady “rotational” at-
of TCs vanishes over the ocean. Furthermore, the rotatiomospheric processes (cyclones, anticyclones, typhoons, dust
in the opposite direction is observed over the TC (the an-devils, tornadoes, etc.) as having a similar nature. All these
ticyclone over the typhoon). This rotation obviously arises phenomena arise, develop, then exist in the stationary phase
without contact with the ocean surface. For example, the torfor a long period of time (which is strange for aerodynamic
nado’s yoke drops from above; that is, the contact of aerophenomena) and move as a whole (intersecting terrains with
dynamic flow with the ocean surface is absolutely unnecestather diverse relief).
sary for originating and developing the vortex motion. The Not only can TCs transform into a conventional cy-
TC does not only also originate from the ocean surface but ittlone, but the opposite transition is also possible, in that
drops from some altitude. a subtropical cyclone transforms into a TC. Apparently, all
If there were only purely hydrodynamic mechanism caus-these processes can possess some additional common (non-
ing the increase of a TC's moment of rotation, then the ex-hydrodynamic and non-thermodynamic) mechanism. The
isting, rather large initial twists in both directions would be axis of a mid-latitudinal cyclone or an anticyclone is not ver-
“picked up”, and the TC rotating both clockwise and counter-tical, as a rule, but is highly inclined to the Earth’s surface.
clockwise should be observed often enough in both hemiWe remind that the Earth’s magnetic field is also highly in-
spheres (Coriolis force is not enough here to counter the beelined to the surface, and the charged region tends to have
ginning of this process). But this is not the case: the directionthe axis of rotation along the magnetic field. In reality, the
of TC rotation is fixed for each hemisphere (both Northerninclination of the axis, precession and motion of a system
and Southern). This means that an additional mechanism caas a whole are determined by several factors: the hydrody-
exist which stands “above” the hydrodynamic and thermody-namic rotating subsystem, connected below with Earth’s sur-
namic model and helps maintaining a strictly fixed structureface and connected above with a corresponding flow, and
within this phenomenon. Incidentally, in the Northern Hemi- the rotating charged subsystem, which tends to move accord-
sphere, the anticyclonic rotation of a tornado is less commoning to EMHD laws in self-consistent heterogeneous electric
and such tornadoes are more short lived. But on these scalesd magnetic fields. Two charged regions are simultaneously
the effect of Coriolis force is practically negligible; therefore, present in a TC, and the axis occurs to be almost vertical,
the internal structure of a tornado (we assume an electromagwhich could be related to electrical forces, which in turn
netic one) can also play an important role here. arrange oppositely charged rotating regions one under an-
The highest tangential velocity in a TC is observed at a cer-other and symmetrize the system. One could even observe
tain altitude, and beginning at another altitude an additionalthe reorientation of clouds’ crystals in strong electrical re-
mechanism turns on that causes anticyclonic rotation. Heregions (Saunders and Rimmer, 1999).
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Conceivably, from this point of view the following could of a vortex via the electromagnetic waves. In addition, as
be better understood: (1) why anticyclones are, as a rulethe electric field changes, the plasma-like subsystems them-
larger in size than cyclones, yet arise more seldom; (2) whyselves can change by giving rise to an additional number of
in a TC at 12 km altitude the temperature increases by 10-aerosols. The number of storms and amount of lightning cor-
12°; (3) why the trajectories of TC motion often occur to be relates with the number of sunspots, with the geomagnetic
rather unpredictable — and many other issues. index and with solar radio emission flow at wavelength of

If the purely hydrodynamic model was correct, then appar-10.7 cm, with the neutron flux, as well as with the flux of
ently the size of a TC’s eye would be uniquely related to thecosmic rays. During flares the solar wind turbulence enlarges
wind velocity. However, attempts to find such dependencethe flux of particles falling onto the Earth. Cosmic rays have
have failed, which proves the existence of some disregardedn effect on the ionization (they modulate the production of
parameters. Generally speaking, the size of a TC’s eye shoulbns) and on the atmosphere conductivity at altitudes from 3
not be related directly with TC intensity. Possible, one has toto 35 km. Solar wind modulates the vertical current and in-
take into account, additionally, the quantitative and geometfluences the microphysics of clouds. The latter includes elec-
rical characteristics of all charged regions. tric purification processes, albedo decrease and the change

Thus, consideration of electromagnetic phenomena in af passbands’ width with respect to incidence of longwave
TC and in other atmospheric phenomena can help to betteradiation, etc. One can propose some mechanism of chang-
elucidate all observations stated above. Here, the low-lyingng passbands of the atmosphere. Ultraviolet radiation is re-
(4-8km), negatively charged region can have influence orated to ionization, production of ozone and free radicals.
the cyclonic rotation, and the anticyclonic motion is sup- There exists also correlation between the cosmic ray flux
ported by the high-lying (10-16 km), positively charged re- and cloud cover via the additional ionization of droplets in
gion also. clouds and nucleation. The correlation was found between

If the hypothesis on the electromagnetic nature of torna-the increase of electric field in the atmosphere and the growth
does and TCs is correct, then some correlations should exsf concentrations of aerosols. The influence of aerosols on
ist between the appearance of additional charged particlegreather and climate is a separate subject which is beyond the
in Earth’s atmosphere and the origin of tropical depressionscope of this article (Budyko, 1974; Lee and Penner, 2010;
(Arteha and Erokhin, 2005). One more fact should be takerLohmann and Feichter, 2005). The ions, in turn, influence at-
into account: in the equatorial zone, high-energy particles arenospheric processes via (1) charge-dependent chemical re-
observed; these cannot have cosmic origin (but, possibly, repactions, (2) forming of droplets and ice pieces during con-
resent a consequence of some atmospheric processes).  densation on nuclei, and (3) the currents in the global elec-

The processes in upper layers of atmosphere (for exampldric circuit (the maximum of charged particles’ fluxes and
the negative ionospheric disturbances arising during magion production in the atmosphere is located at altitudes of
netic storms) can have an active effect on typhoon genesisl2—17 km). Of course, here we are dealing with a statistical
There exists some connection of tropospheric and upper ateffect only (i.e. some additional “favourable” conditions), but
mospheric layers (Sorokin et al., 2001; Vonnegut, 1997). Thenot with conditions which fully determine the specific atmo-
TC interaction with a larger open system (stratosphere, ionospheric process (in addition, similar effects may occur with
sphere, space) can be conventionally subdivided into two assome delay).
pects: (1) the indirect effect of the ozonosphere, ionosphere Now, we will turn to the second aspect — the responses
and cosmic factors on the processes occurring in TC (Reidof the given atmospheric processes in the ozonosphere and
2000; Rycroff et al., 2000; Tinsley, 2000; Stozhkov, 2003), above. Intensive atmospheric vortices, such as thunderstorms
and (2) the TC effect on the ozonosphere, etc. (Rodgers et alwith tornadoes and TCs, are capable of causing actual
1990; Stout and Rodgers, 1992; Nerushev, 1994, 1995; Nerurecorded disturbances of geophysical fields, which can be
shev et al., 1997; Sharma et al., 2004; Kazimirovsky et al.,used for diagnostic and prognostic purposes. The effect of
2003). The above-mentioned references support statemenpsocesses occurring in TCs can be transmitted by various
that will be made below. mechanisms: by acoustic waves (first of all, by infrasound),

We will begin with the first aspect: the possible effect of by inner gravity waves and by electromagnetic waves. There
space factors (ionospheric disturbances) on the initiation okxists correlation between the amplitude of infrasonic pres-
a thunderstorm genesis process, on a number of typhoonsure pulsations and intensification of tropical depressions
and tornadoes and on some other physical atmospheric prgfor example, in comparison with the process of establish-
cesses are studied insufficiently. Here several mechanismisg a pressure profile in the TC). It is known that the long-
can be in action, including those related to transformationliving structural formations are observed over the intensive
of waves. First of all, one should mention the influence of typhoon genesis areas. They can be discovered, for exam-
solar flares on the origin of tropical depressions, includingple, from the changes of ozone concentration (Gushchin and
the direct effect of cosmic rays on the initiation of light- Sokolenko, 1985). Ozone is of interest for observation since
ning flashes. Second, one should pay attention to the possit serves as an indicator of electrical activity of the atmo-
bility of ionosphere interaction with plasma-like subsystemssphere (including corona discharges on cloud droplets) and
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can participate in the charge formation and separation prothe ion temperature was 1.1-1.5-fold. A possible reason of
cesses (due to high electrochemical and photochemical activthis could be related to the generation of ultra-short and very
ity). In the process of its evolution, the TC causes variationsshort electromagnetic waves. The multiple reflections on ran-
of the total content of 0zone and of its vertical distribution, up dom heterogeneities can result in the non-linear conversion
to stratospheric altitudes. For example, the total ozone coninto plasma waves. There also occurs conversion into the
tent (in the Northern Hemisphere) has a negative anomaly fohigh hybrid plasma waves. In this case the electron density ir-
alarger part around the TC (except the left quadrant in the ditegularities arise with various scales of heterogeneities. The
rection of motion that is occupied by the positive anomaly). trigger emission can occur in the region between the thun-
The relative decrease of ozone concentration can reach songerstorm (including in a hurricane or tornado) and the iono-
tens of percent in the troposphere at the TC phase. Here wsphere. The frequency of the lower hybrid (LH) resonance
note an interesting feature: some percent-heightened valudsas also been recorded on the linear sonograms of electric
of total ozone content took place on the northern peripheryand magnetic fields. The lower hybrid waves can be stimu-
for tropical depressions, which have been subsequently ddated by intensive whistlers in the presence of density gradi-
veloped in the TC (such phenomenon was not observed foents, and whistler-related LH waves from a linear mode heat
decaying tropical depressions). Here we note that the maxiup the epithermal ions. The efficiency of the incidental elec-
mum deviation of concentration for a Pacific Ocean TC istromagnetic field conversion into the LH resonance wave is
less than the corresponding value for a TC in the Atlanticabout 30 %. Between the thunderstorm (or between appropri-
Ocean. This correlates with corresponding values of the geate areas of a hurricane) and ionosphere, one can also observe
omagnetic field (here the process of concentration change ahe durable emission in the Earth-ionosphere waveguide at
transition through the tropical depression in the TC is slowerfrequencies not depending on the altitude. Of great impor-
in the Pacific Ocean as compared to the Atlantic). The totatance in the atmosphere—ionosphere exchange is Schuman'’s
ozone content in the atmosphere is in a strict negative corfesonance (electromagnetic radiation from lightning trapped
relation with the number of TCs. Apparently, TC effects on in the Earth-ionosphere waveguide). Also of importance is
the ozonosphere can be conventionally separated, in terms dlfie formation of global, standing resonance waves at fre-
mechanisms, into purely hydrodynamic ones, hydrodynamiauencies of 8, 14, 20, and 26 Hz and at subsequent harmon-
effects related to electromagnetic forces, and purely electroics. The Schuman resonance correlates with global lightning
magnetic effects (via the fields or charged particles). activity, with the activity of sprites. The very low frequency
Wilson’s hypothesis states that thunderstorms represenfVLF) electromagnetic waves are recorded in storms.
the global electric circuit's generators. Thunderstorms (in-
cluding ones in tornadoes and hurricanes), as generators,
keep the mean ionosphere’s potential at the level of the or3 Electromagnetic characteristics of some atmospheric
der of 250 kV relative to the Earth. The global electric circuit ~ processes
is modulated by the Sun’s effect (Kundt and Thuma, 1999).
The correlation is observed between the currents of thunderket us consider electrical characteristics of intensive large-
storms and the mean charge (field). All over the Earth, onescale vortices, including typical strengths of electric and
can observe universal diurnal variations of mean ionospherenagnetic fields, values of charges of clouds, densities of a
potential's gradient (the so-called “Carnegie curve”): it hasvolume uncompensated charge, size of charged droplets, etc.
the maximum at 19:00 UTC, which can be related to the ac-Here one should distinguish the mean (or most typical) val-
tivity of thunderstorms (in tornadoes and hurricanes as well)Jues from the local values of quantities (they can differ by
via the global electric circuit. Note that at this instance of some orders of magnitude). We note that on a charged cloud’s
time, the Sun is located at the highest point (with heightenedoundary there exists, as a rule, a screening layer that com-
ion formation) over the meridian with the lowest geomag- plicates interpretation of the data obtained remotely. Some
netic field. typical values of electrical parameters are collected in Arteha
Over the storms, in the emission process, one can observand Erokhin (2005); see also references therein.
the following: the increase of ionization in the ionospheric  Cloud clumps (clusters) have a larger size at tropical lat-
E layer, appearance of sporadic F layers, increase of eledtudes as compared to moderate ones, and a rather high al-
tron temperature and concentration in the F layer. The electitude of a cloud base’s disposition. Depending on the alti-
trostatic fields of thunderstorms (tornadoes, hurricanes) heatude and distance from a cloud’s centre, the following types
up the electrons especially highly at night in the lower iono- of clouds are observed in TCs: altostratus (As), altocumu-
sphere. This effect is magnified for charges at high altitudelus (Ac), stratus (St), stratocumulus (Sc), cumulus (Cu),
and can modify the optical emission level, for example, viacumulonimbus (Cb) and nimbostratus (Ns). Some typical
the chemical balance in the D region. lonospheric tempercharacteristics of clouds that are interesting to us are pre-
atures and ion densities change depending on the lightningented in Table 1. HerAz is the thicknessE is the electric
activity: during thunderstorms one could observe a 1.2-1.7{ield strengthsy, is the volume density of charge apds
fold increase in electron temperature; a similar increase irthe charge of particles. The typical charges of precipitation
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Table 1. Characteristics of certain cloud types.

Object Az, m E,kvm~1 ng, Cm3 q,C
As 1000-1300 20-280 <1071 <1071
Ns 1000—2700 20-280 1801079 3x 10712
Sc 400-500 <10 (0.35—0.69) x 10711 1.8x 10716
St 400-450 <10 <1071 1.8x 10716
Cu 1000-5000 20-280 189-10°9 3x1012-31011
Cb 1000-15000  20-2000 81079 — 1077 10-11_10-10
TC 8000-16000  10-300 1§ —5x 108 <5x10°11

particles are of the order gf~ 3x (10°13—10"14) Cinthe  Table 2. Mobilities of ions.
near-Earth layer. The charge (+) was located at the top of

clouds and the charge (-) at the bottom in 75 % of cases for r, jm b,m?V—1s=2
the dipole electrical structure of clouds. The region of the 6.6 x 10-4 104
main negative charge had a thickness of the order of 2000 m; 6.6x 10-4_8x 104 106 _10-4
the main positive charge was located 1-7 km higher. In Cb 8x 104 _25x 102 107 - 106
clouds the small (+) charge was located at the bottom, the 25%x102-57x102 25x10-8_10"7
main (-) charge was above it, and the main (+) charge was - 0.057 <25%x10-8

located even higher, above the main (=) charge. In electri-
fied clouds the heterogeneities of both charge and electrical
potential gradient could be excited under an effect of vari-

ous mechanisms, including floatability waves. The extreme,

| ¢ oud | h . qstick to neutral molecules, forming negatively charged light
values ot a ¢ OUd_S volume charge density were observe ons of O + (H20)e type. For aerosol ions the characteris-
in layers with a thickness of the order of 100—200 m. Note

o _ o ““tic value of mobility is of the order of 3x 10~’ m?V—1s1.
that large particles increase their charge upon collision W|th-|-he typical size of aerosols is (0.01-0.2) um

smaller ones. The minimum thickness of clouds which gen- For a TC, on average, the following structure of charged

erate thunderstorms grows in the low latitudes. Thus, at th‘?egions between the negatively charged Earth surface and the

New D?Ih' Iat'tUdlec:h'S thlcllmess equals 9600 m. The tthl;]- ositive layer of tropopause is formed: near the Earth surface,
ness of overcooled water layers grows up to 8200m. The;; e 1 centre, there exists a small positive charge region;

increase of thickness (power) of clouds results in growingyhen, 4t the altitude of 4-8km, the most essential negative
vertical flows and increasing the cloud's cha@eThe pres- a6 region is located:; and, finally, at the altitude of 10—

ence of ascending and descending.jets contributes in grpwing6 km the positive charge region exists. Thicknesses of the
Q, and the 'gu_rbulence a_nd convection promote generation Yfast two charged layers are each about a kilometre. The de-
heterogeneities of th_e fieldl, in _Wh'Ch it can reach break- scribed three-polar TC structure is observed for very inten-
thrpugh values. The inverted dlpqle structure ofa (_jOHd ( cive TCs. In reality, the number of charged regions in alti-
—) is also observed, where the mam_posnwe_charge IS Iocategjde often occurs to be greater than three. Here it was found
aththc(ajlbottom gf acloud, ar_1d ”;]e main r;eggyvei one at thektOpchat, for example, the greater the number of charged regions,
T §| hlstanr::fe et\_/rveer;] main ¢ ariqes 0 ﬁ lpog IS 1,'5761m'the lower the vertical wind velocity. Apparently, one can sup-
though for a TC the mean volume charge density is O_pose that, as the TC evolves, the corresponding charged re-

3 .

SOnCnr, é)ne could also observg the mean densities Upgions are combined, and their number decreases. Some TCs
tﬁ 10#C”T (:?nd locally —”even.hllgher vaI;Jes). For a TC i their evolution have time enough to reach such an inten-
the charges of some small particles vary from —500pC g6 phase: some TCs remain less intensive (and having a
+200pC with the most typical values ranging from —50 pC more complicated structure of regions and motions).
to +30pC. L i i The multilayer electrical structures of a cloud cover are

In the electric fieldE, the charged particles acquire veloc- observed within thunderstorms (Marshall and Rust, 1995;
ity v=>b- E, whereb is mobility. Typical mobilities of ions

. ; X L Byrne et al., 1989). Thus, in the Wayene experiment the elec-
are presented in Table 2. The ion velocity, at normalization Oftrical structure of 8 charge layers was recorded, the layers

the guantities on typical valuesl, is determined by the e>1<presbeing located bottom up (up to 14km) in the following or-
S1on vi = 1°§E/f°l(1”/_b1°) ms~, where Eq ~ 1Q5Vm der: + —+ —+ —+—. The thickness of the layers varied
andbg = 107" mV~"s™~. Note thai the contrlbutlon of fr_ee from 400 m to 2600 m. The electric charge’s volume density
electrons to slow large-scale processes is non-essential b%ried within the limits ofn, ~ (0.1— 2.4) x 1079 Cm~3;

q - - ;

cause during the characteristic time-of10~'—102) s they the maximum fieldE, ~ 115kVm! was observed at the
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altitude z ~ 6.3km. In the case of isolated super-cellular — 30 K,

storm (the Ada experiment) maximumf, ~ 126 kVnr?! 20 —F

was observed at the altitude~ 4.8 km. The disposition of . 13 A _
charged layers in the altitude ascending order was as fol-

. . ~ —10
lows: +—+0+0—0—+— beginning with; ~ 3.2 km and up = 20

to z &~ 10.2 km. Thickness of layers was 700 m, maximum
ng ~ 1.34x 108 Ccm 3. In the Elgin experiment, 7 charged Fig. 3. Electrical fields in tropical cyclones (from Black and Hallet,
layers were recorded, which were located in the following or-1999)-
der in altitude+ — 4+ —0— 0+ — beginning with; = 1.4 km.
The maximum of charge density, ~ 0.8x 10~°Cm~3was
at the altitudez ~ 8km. The thickness of this layer was of o
the order of 2000 m. The extreme values of electric field @ ) @ G @ 0
E. in this experiment werdZ, ~ 39kVm™1 at the altitude
z~38km, E, ~—61kvm! at the altitudez ~ 7.8km,
andE. ~ 48kvm ! at the altitude; ~ 10.2 km.

The typical values of the electric field are tens of kv
in the central part of the TC (Black and Hallet, 1999). De- Fig. 4. Model of three particles.
pending on the altitude, they have either the same order of
magnitude for tens of kilometres in radius or vary signif-
icantly (near the hurricane’s eye and rain bands — see, for
example, Fig. 3). The typical behaviour of the field dur- astimate of the large-scale azimuthal current:
ing lightning intensification was as follows: at first, the field
grows very slowly, and then suddenly reaches its peak valuel, = 250(n, /no) (vy/v40) (Sp/Sp0) A
When the cloud’s electric field reaches a breakthrough value,
which is usually of the order of fo/m~1 (but sometimes  WhereS,o =500 kn?. In its turn, the currenk, generates the
the breakthrough occurs at 400 k'), the discharge takes poloidal magnetic field that compresses the current flex.
place by dropping the stored charge and releasing consid-
erable energy. One average lightning strike can heat up a L .
air column of 5km height and 5m radius by 43. The pi- A Estimation of forces and motions

. . 5
lot leader of diameter 10 cm causes formation of*£010* Since the peak electromagnetic values are obtained for thun-

pairs of ions per each centimetre of path. Frequently, light-yestorms and tornadoes, and not for tropical cyclones, the
ning strikes pass through the same channel, in which the ion§,ysequent evaluations will be done for TCs (here charged
do have not enough time to be recombined during the iM&ggigns and electromagnetic fields are observed in the cen-
interval between the strikes. tral area, mainly near the eye’s wall and rain bands). At first,

For -';CS the rate of lightning strikes is quite variable (1~ e estimate the density of electric forces related to a surplus
700) ™+ and more. This value seems to be large, but tak-; charge of the same sign:

ing into account the TC’s volume it can be small, as it was

noted by many researchers. Possibly, the electrical structurg, ~ n, E .

of a TC is more regular than in the case of a mid-latitudinal

thunderstorms since it participates in maintaining the stationFor the eye’s wall and charged TC regions (at the altitude

ary phase of TC (the electrification of TCs is connected notnear 6 km) this value lies within the range of ftkgm~2s-2

only with lightning). However, the lightning flash rates can Up to 10kgm?s~2 with the mean value of (I —

be considered as an indicator of hurricane genesis (Leary and0~2) kgm~2s~2. This is a rather large value. Let us com-

Ritchie, 2009; Price et al., 2009; Fierro et al., 2011). pare it with the density of the force which retains the charged
In the developed typhoon the azimuthal motion of chargedclouds:

particles produces a rather high density of a current’s toroidal

componentj,. Normalizing the charge density and the az- fc= 5 1)eo gradE.

imuthal velocity for representative values, we obtain for a

toroidal current’s density component the value This value for a TC lies within the limits of 10 kgm2s~2

to 6x 104 kgm~2s~2, with the mean value of the order of

10~*kgm~2s~2, which is somewhat less than the density of

forces which push away the charged particles in clouds. In

order to explain the existence of charged cloud systems for

where ng=10"8Cm=3 and Vo0 = 50 ms1. For the az- such relation of forces, one must suppose some amount of

imuthal current flex cross-sectidf), we have the following  orderliness in charged particles in clouds. It is obvious that

\%

Jo=5x 1077 (nq/no) (vw/v(po) Am~2,
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the total number of charged particles of both signs is somaall the layer’s charged particles on a medium. Schematically,
orders of magnitude higher than the number of charged partithis can be done in the following manner. From Landau and
cles, which provides the observed surplus of charge of soméifshitz (1987) we write the approximate formulas (in the
sign. As a result, the charged particles of various signs, orspherical coordinate system), which express the components
average, alternate with each other, forming some semblancef flow velocities around a ball of radiug in the far region
of an ordered structure kept as a whole by ponderomotivgr > R):
forces (ionic and polarization ones). Certainly, an air-droplet

. . « " . . . 3MR2 Rer
(alr—droplgt |§:e) crystal isa dyr_larmc one, which is present v, = 1COSH + {1_ [1+ = 1+ cose)]
in the statistical (dynamic) equilibrium only. If we count the 2Rer? 2R
total sum of all forces (of attraction 3", gog1/r? and re-
pulsion— 3", g3/r?) between the chosen charged partigle exp[Rer (1—cos9) /(2R)] }
and all remaining particles, then we may be convinced that,
due to such orderliness, the system can be retained as a whole 3R
unit even at some surplus of charges. If we take into accounty = —u sing + — sind exp[Rer (1— cos9) /(2R)] ,
that one should substitute the local quantities rather than the 4r
mean value of field’'s square gradient, then the existence of &hereu is the flow velocity (directed along the z-axis) and
charged cloud occurs to be a norm rather than an exceptiorReis Reynolds number. We pass into the Cartesian coordi-
At the excess of attractive forces, the condensation increasegiate system (we are interested in the motion along the z-axis
and the droplets grow in size and fall down in the form of pre- only) for the chosen particle, sum up in coordinates of all re-
cipitation. Thus, the equilibrium is restored (for example, in maining (V — 1) particles and get the correction — the coeffi-
the region of the largest change of the electric field — in raincient to velocity (it only slightly differs from unity). Further,
bands — the dropping of precipitation occurs). So interestingone should take into account that all influences are not inde-
is the nature of this phenomenon. pendent, and each particle influences the “background basic

Now we will estimate what would be the velocity of a Vvelocity” for all remaining particles. In fact, this implies that
steady radial flow in a TC in the case of balance between théo obtain a resulting correction, the earlier obtained coeffi-
friction force and the radial electric force with densjfyFor ~ cient should be raised in poweVN (— 1). As a result, we will
simplification we will take the linear flow in a planar layer getagain huge velocities of km¥ (this is natural — it is im-
with layer’s height:. We will have the following expression possible to “bypass” Newton’s 1st law via the mean values).
for the maximum velocity of flow in a planar layer (Landau The only possibility to obtain reasonable (observable) quan-

and Lifshitz, 1987): tities is as follows. The steady velocity of particles motion
) cannot be reached in principle. In reality, for example, not
Vmax = _u ’ only do a large number of negatively charged particles exist
12y at the 6 km altitude but a huge number of neutral particles and

o ] o a large number of positively charged particles as well. The
where the dynamic viscosity of air ig=1.8 x 10°Pas.  peytral particles move at the mean velocity approximately
Substituting the mean values that are typical for TCs, Wegqyg| to the flow rate. The positive particles, whose number
will get for a 1 km layer the huge valugnax > 5x 1_06 ms*t s great and close to the number of negative particles, begin
Given the fact that this layer is located at the altitude of 6 km, 4 move under electric field effect slightly faster than the flux,
this |nS|gn!f|cantIy improves the state of matter only. We_ will ‘and the negative particles begin to move in the opposite di-
then consider the motion of a separate charged particle (ifection and have a slight lag to the mean flux motion. Each
it were alone) in air. In this case the steady uniform motion uf these particles cannot gain essential velocity relative to
would have the following velocity: the flux because of hindering (in addition to air's resistance)
NoE from collisions with neutral particles and opposite-sign par-
= ticles — as a result of which the particles are pushed away
(according to the momentum conservation law) to starting
where Ne is the charge of the particle andis its radius.  positions. One can schematically draw the elementary model
For example, we take the mean values for the central parbf motion of such a “crystal element” (moving “ambipolarily
of a TC. Then, for the field strength ofsx310°Vm~1, the  on the average” toward the TC centre) — the model of three
charged particles withVe =20nC and with radius from particles in a medium — as follows on Fig. 4.
1.5mm to 0.01 mm would acquire velocities from 20Ths The particles spend the most time at the positions shown
up to 20 kms?. If, however, we take the micron-sized crys- in Fig. 4, because their relative velocity is zero at such po-
tal, charged by 1000 charges of electron, then the acquireditions (and at collision instances the relative velocities of
velocity would be only 15cms! relative to the medium  particles are maximum and particles “jump” rapidly through
(with its own flow rate). But, in any case, to find the flow such positions). In essence, this is the mechanism that con-
rate of the medium itself, we should sum up the influence ofverts the redundant work of electrical forces into the thermal

v - 9
6ran
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energy and leads to rather low (actually observed) velocitiedecause it helps particles to levitate (together with the aero-
of radial motion. The micro-motions cannot be taken into ac-dynamic drag force, it reacts against the gravitational force).
count, in principle, in numerical calculations on mesoscales. Consider now the TC rotation (the azimuthal motion is
Therefore, one should take the quantities of the order ofthe key one). The plasma-in-the-magnetic-field model can
2x 10-9kgm~2s~2 or less (with corresponding signs) as an serve as a useful model for describing this motion. (This is
efficient value of electrical force density near the altitudes ofonly qualitative model for evaluation, but not for quantita-
6 km and 12 km. tive meteorological predictions.) Let us recall the so-called
In addition to the radial motion, one should also considerL—H transition — spontaneous origination of rapid plasma ro-
the vertical motion. The motion of separate particles is in-tation due to theE x B drift of charged particles (in the TC
fluenced by the gravitational force, electrical force and aero-case we have the radial electric field and the vertical com-
dynamic drag force. First, we consider the balance of graviponent of the magnetic field). It is essential that it is abso-
tational and electrical force for separate charged particles ofutely unnecessary to have fully ionized plasma since the
radiusr, possessing charge Having taken- = 0.1 mm,q = given mechanism will also work in the presence of some
10-11C in the field with strengthE =5x 10°Vm~1 (val-  fraction of free charges in gas. The presence of neutral parti-
ues close to mean ones in the charged TC regions), we wiltles leads to the situation where the momentum will transfer
have for a liquid droft = mg/(¢E) ~8.2x 1072, i.e.theef-  from charged particles into the rotational motion of gas as a
fect of electrical forces exceeds the gravitational force effectwhole at collision instances. As a result, the large-scale mo-
for these particles. As the liquid drop size decreases down tdion (rotation) will arise energetically due to reconstruction
r = 10microns, having taken the charge= 10-13C, inthe  of inner energy of the whole system: not only the plasma
field E =5x 10°Vm~1, we obtaink ~4.3x 1074, Letus  subsystem, but also the whole adjacent region (the hydrody-
consider now the balance of gravitational force and aerody-hamic system) starts rotating. All directions of rotation (both
namic drag force. In ascending air flows the uncharged drop$or the TC itself in both hemispheres and for the anticyclone
of water can be retained at upper levels due to the aerodyever the TC) agree with observations. One can easily explain
namic drag force also the torus-like structure of a TC with a calm region in
the typhoon’s eye (Artekha et al., 2003). In the quiet atmo-
sphere the number of ions is insufficient (the total number
of ions does not exceed 1M~3); just by this reason TCs
arise rather rarely as compared to the other atmospheric phe-
nomena (even the uncompensated surplus of charge in some
regions of a TC corresponds to the ion concentration of the
order of (161 —103)m=3, and the real number of ions is

1
Fr = 5r?Crpav?,

whereCy is the aerodynamic coefficient ang is the air
density. The vertical velocity of an ascending flow, required
for this purpose, is

some orders of magnitude greater). If we estimate the mag-
v = | 8rpwg ' netic force
3paCr
fm=n-[vx B]

From here, for drops with radius=0.5mm at the alti-

tudez = 5kmfor7T = —17°C andp, = 0.74 kgnT 3, we ob-  using the average concentration of a negative charge surplus
tain Cx = 0.8 andv, = 4.7ms%; for the drop radius: = in a TC, then we would obtain an extremely small value of
0.25mm we haveCg = 1.4 and velocitiesy, = 25msL;  ~2x10"*®kgm~2s~2. But if the charge surplus in plasma-
such velocities are quite typical for TCs. Having changedlike subsystems constitutes a 10-millionth part of the total
the altitudez = 10 km, temperaturd’ = —50°C and den- number of charged particles (which is quite possible), then
sity pa = 0.414kgn3, we obtainCz = 1.75,v. =3ms 1. such a force would already be capable of causing the ob-
This is also quite typical. Concerning the balance of all served macroscopic motion (for the central region of a TC).
three forces, one should say the following. The electric field We consider a separate particle inside the charged region
strength reaches extreme values near the wall of a TC eye, iim the cylindrical coordinate system. Taking into account col-
the rain bands and close to the negatively charged TC regiolisions with neutrals, the equations of forceless motion are
only. It is those places where the electrical force plays a con-

siderable_role (whereas in the remaining TC parts, th_e d_omi-gEr (r,z) — mvin (Vr _m> +eVyB + mv(’f/r =0,

nant role in the balance of forces belongs to the gravitational

and aerodynamic drag forces). For example, the formation of

a small low-lying, positively charged region near the TC cen- —muvjy, (V¢ _mr) —eV,.B—
tre is promoted by the electrical force acting (together with

the gravitational force) against the aerodynamic drag forceHere the average velocities and the rate of neutral gas rota-
The electrical force essentially favours formation of a vast,tion are distinguished by a bar on the teps the distance to
negatively charged TC region at the altitude of about 6 kmthe TC axis andj, is the rate of collisions with neutrals. As

mV,Vy _
=

0.
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a result, for the azimuthal velocity we have the cubic equa-then the moment will exceed the frictional torquéf ~

tion 5x 101 kgnm?s—2 —that is, in reality, the contribution of the
£ 7 B ) electromagnetic forces in maintaining the rotation amounts
e m ebw mao| m i
Vo | mv+—L + L + R+ ng H Vg_z _ from a few to several tens of per(_:ent for charged regions. _
vr r v vr vr Of course, the electromagnetic processes do not provide
the main contribution to the energy of tropical cyclones but
=mvQr — eE,ﬁ —mwH V. only help to maintain their structure. Apparently, the addi-
v

. o _ tional necessary condition for a TC originating is the accu-
A charged particle (the negative ion with numtgacts on  mulation of a sufficient quantity of free charges in some at-
gas (due to collisions with neutrals) with the azimuthal force mospheric regions. The ions act also as condensation centres,

determined by the expression: where the latent heat of evaporation is released. This is a trig-
gering mechanism for converting huge stocks of thermal en-
Fyi =m;vin (V¢ - Q(V)r) : ergy into the energy of motion. First of all, a medium’s inflow

o ) ) ) upwards arises, and air masses from an ambient space flow
Multiplying by the ion concentration and summing up over n\ards to the TC axis on the place of ascending inflows.
all sorts of ions, we will get the force acting on a unit vol- gome resemblance of a “cone in a trough” arises, which spins
ume of neutral gas from the side of a charged plasma-like, additionally as air masses approach the axis due to angular
subsystem: momentum conservation.

_ _ The complexity of forecasting the TC motion is com-
Fo = <V¢ - er) Z”i”mi”f(r’ 2). pounded additionally by the fact that, except for the mass of
! neutral gas submitting to conventional equations of hydrody-
To obtain the moment of forces acting on a system, onenamics, the charged rotating subsystem is present in the TC.
should multiply this expression by the corresponding radiusThe value of the resulting force and its direction can vary
and integrate over the whole volume of a charged subsysterin an arbitrary manner, depending on the value of charges
of regions, currents and other TC characteristics, including
M= /r (V¢ _mr) > vinmini(r, 2)dV . TC coordinates. In all these motions the basic currents in a
) F TC will be convective ones from the motion of charged re-
gions rather than conductivity currents. The Earth’s magnetic
Due to the complicated process of microphysics and nonfield and existing electric fields vary along the TC trajectory.
linear relationships (the average value of a function is notAs a result, the given subsystems tend to move according to
equal to the function of the mean value) accurate estimatesomewhat different laws, and for the TC sometimes we have
are very difficult. For example, choosing a cloud layer of the trajectory with hysteresis. That is probably why the loops
2 km thickness with a radius of 100 km and the light ions and other unpredictable types of TC motion often arise, and
with mass of the order of oxygen, we make the estimations. the classic parabolic type of trajectory is observed in 47 % of
_ _ B TCs only. If our suppositions are valid, the perspective can
o~ —107s7% vin ~ 4x 10571, m ~ 6 x 107*°kg, be opened not only to better forecast the origin, strengthen-
Qr~50 ms?t, v.~—10ms?t E,~— (104_105) vmi, ing and motion of natural elements under study, but possibly
even to control various phases of their evolution and trajecto-
If the ion concentration is assumed to be of the order ofries of motion. Certainly, we do not imply here the “killing”
5x 102m~3 (the mean value for charged regions of a TC), of arisen TCs because each phenomenon in nature fulfils cer-
then, as a result, we will get for the moment of forces with tain functions, maintaining the total balance. In this case, one
magnetic spin-up/ ~ 4x 10®kgn?s~2. The formulaforthe  can mention also the thermal and water balance, as well as
moment of gas’ force of friction on the (disc) surface can bethe global terrestrial electric circuit. Of course, nature will

taken from Landau and Lifshitz (1987): find the response mechanism for each unreasoned activity
A of a human being, but one should not permanently test our
M ~0.97R*pvvQ3. planet for strength.

By making the substitutio®r® — V.3, as a result, one can
obtain the following estimation for the value of a moment of
the friction force (which determines the angular momentum
outflow from a system):

5 Conclusions

Thus, in this article the key observational evidences are pre-
M ~ 10 kgns 2, sented that electromagnetic phenomena play a significant
role in many atmospheric processes. The multilayer charged
If the total number of charges is at least two orders of mag-system of clouds in TC is an analogue of a dynamic equilib-
nitude greater than the number of uncompensated chargesum ordered structure maintained by ionic and polarization
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forces. In this paper, estimations of forces and mechanismg&rasilnikov, E. Y.: Electromagnetohydrodynamic nature of tropi-
are made, and itis proved that the motion of plasma-like sub- cal cyclones, hurricanes and tornadoes, J. Geophys. Res., 102,
systems must be taken into consideration for more complete 13571-13580d0i:10.1029/97JD00148997. _
description of processes within thunderstorms, tornadoes anffundt, W. and Thuma, G.: Geoelectricity: atmospheric charg-
TCs. Electromagnetic forces are involved in generation and h”g_i‘gdléq‘ér/‘dféztj’gz’;é ggggz i;’g;e”' Phy., 61, 955-963,
maintenance of the charged structure (including the distincy 01:10.1016/51364-6826(99)000614999.

. s f andau, L. D. and Lifshitz, E. M.: Fluid Mechanics, Butterworth-
separation of movements inside a TC) and can influence the

. Heinemann, 1987.
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