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Abstract. The mathematical generalization of classical of thunderstorm theory of the atmospheric electric fields ori-
model of the global circuit with taking into account the con- gin. For maintaining the equilibrium of the global current
vective current generator, working in the planetary boundarycircuit Hays-Roble’s model requires large values of charges
layer was considered. Convective current generator may bé>100 C) in this model of thunderstorm which is necessary
interpreted as generator, in which the electromotive force idor the creation, equal to 0.5A-1.0 A and flowing upward
generated by processes, of the turbulent transport of electrifrom thunderstorm to the ionosphere (Selezneva, 1984). Be-
cal charge. It is shown that the average potential of iono-cause of this one has to find the additional generators of
sphere is defined not only by the thunderstorm current generthe electric current working in the lower atmosphere. One
ators, working at the present moment, but by the convectiveof such generators may be the convective current generator
current generator also. The influence of the convective proworking in the planetary boundary layer. Indeed the appear-
cesses in the boundary layer on the electrical parameters @nce of this layer leads to the appearance of the convective
the atmosphere is not only local, but has global character aslectric current for the case of the unstable boundary layer
well. The numerical estimations, made for the case of theor the turbulent electric current if the boundary layer has the
convective-unstable boundary layer demonstrate that the inneutral stratification. Appearance of this currents leads to the
crease of the average potential of ionosphere may be of thehanging of the global circuit parameters and it is possible to
order of 10% to 40%. lower the requirements to thunderstorm generators in the sta-
tionary model (the process of current or additional electric
field generation were discussed also by Pulinets et al., 1998).
1 Introduction On the other hand, the yariations of thunde_zrs_torm activity do
not always correspond in phase to the variations of the elec-
The elucidation of the nature of the lower atmosphere electric field strength (Morozov, 1981).
tric field and its temporal variation is one of the most im- It was pointed out by Imyanitov and Kolokolov (1984) that
portant problems of atmospheric electricity. The conception.the processes of convective and turbulent transfer of electric
according to which the main sources supporting the electriccharges in the atmosphere averaged for the globe can lead
field in lower atmosphere is being thunderstorms, is adoptedo the stable universal time variations of the electric field.
at present. One of the first model of electric field of atmo- Therefore, in the present paper the generalization of the qua-
sphere (or the global circuit) was the model of the spheri-sistationary model of the global circuit is considered which
cal condenser (Wilson, 1925). The most developed matheincludes the thunderstorm generators and the convective cur-
matical model is at present the quasistationary model of thaent generator working in the planetary boundary layer.
global circuit (Hays and Roble, 1979) in which the dipole
model of quasistationary thunderstorm is used as electrical
current generator supporting the electric field of the lower at-
mosphere. This model is a computer realization of Wilson'so  The mathematical model
model. The orography of the Earth’s surface, the anisotropy
of the conductivity in the top layer of the atmosphere are
taken into account by this model. The time variations of the
electric field, for example UT diurnal variation, are caused
by the world thunderstorm temporal changing in the limits

Let us consider the problem of the definition of the elec-
trical potential of the atmospheke in the region between
the boundary layer and the ionosphere. The thunderstorms
will be modeled as the dipole current generator (Holser and
Correspondence tdv. N. Morozov Saxon, 1952; Hays and Roble, 1979). The convective electri-
(shvarts@JS6562.spb.edu) cal current will be neglected in this region. Then the equation
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for electrical potentialy in the stationary case may be ex- whereG; is Green’s function of the i-th source which is so-
pressed in the following form, in CGSE system: lution of the boundary problem:

div (A gradp) = —4m A Zqiﬁ (r—ri), (1) div (A gradG;) = —4m1 3 g8 (r —r)

1
wherex is conductivity of the atmosphereg;, r; are charge Gils=s, = Cils=s, =0
and radius-vector of the I-th thunderstorm sourégs—r;)  Functiony is found from the solution of the following equa-
— Dirac’s function. tion:

The boundary conditions far are div ( grady) = 0

(3_¢_ )‘S:Sl_=10, (%)"‘;‘ﬁ%_lﬁ/’ =0 ")

S=851

(6)

f E'(»)dz| (2)  Thus, the problem of the estimation of electric potential in
1 0 the region between surfacSsandss is reduced to the prob-
E;f; 98l = ¢oo . lem of estimating functioi;; andy,. To estimate these func-
tions the conductivityr(r) in the Earth atmosphere should
: be prescribed. It is estimated from the solution of the third
of the boundary layen —is normal vector of boundary layer - ¢qyation of system (3) in the boundary layer. We use the fol-

surface,S is surface lying in top layer of atmosphetgx  |owing presentation for in the area between surfateand
— average potential of ionosphelE/(z) is nondimensional S, (Hays and Roble, 1979).

electric field strength in the boundary layer which is deter-
mined below. 2 (r,0,¢) = (r1,0,¢) TV, ®)

For estimatingk the following equations describing the
stationary one-dimensional structure of electric field in the
boundary layer are used:

wheresS; — high limit surface of boundary layeH — height

where ¢, 0, ¢) are spherical coordinates beginning in the

center of the Earthy is distance from the center of the Earth

to the top of the boundary layer=0.2 knt 1.

,o’_v; +1(2)E@) = jo, The following presentation of Green'’s function may used

d_E =4np, A3) taking into account that.correc.tion defineq by deflexiqn from
DT (2) ¢ dA — 2ebq — %XZ e plane case and correction defined by latitude changitg

0, ¢) are small (Frenkel, 1949):
Wherep is average density of electrical charge in the bound-

ary layer,Dr (z) — the coefficient of the turbulent diffusion, . _ 4 (e_zpi e_zp")
I — El

9)

X is average conductivityE is average vertical component oi o;
of the electric field strengthh is mobility of small ions, . )
& (by=|b_|) — is recombination coefficient, q is intensity Wherepi=Ir—r;|, p; is distance from the point of obser-
of ionization, o’ are fluctuations of the density of electrical Vation to the mirror charge situated symmetrically relative to
chargep! — fluctuations of vertical hydrodynamical velocity, surface$ which may be considered as plane in the area of
e is charge of electronjo is density of electrical curreng is ~ Working of thunderstorm sources.
the electrical density of aerosols. For determination ofy we present it in the form of expan-
The system of Egs. (3) has been obtained by the preser§'°” in spherical harmonics functions (Morse and Feshbah,
tation of quantitiesf=f+ f’ and averaging the initial equa-
tions in horizontal pIanef:% J fdS (Monin and Yaglom, U, 0, ¢)= ApmRn(r) Yam (@, ¢), n=1, 2, 3...(10)
1965; Willet, 1979). ; e
The boundary conditions for the system of Egs. (3) may

be expressed in the form where A, ,, — constant,R, (r) — radial part of the function

I//(ry 91 ¢)
X(z=120) =0, X(z=H)=2eb g Substituting Eq. (10) in Eq. (7), we get equation for func-
dE (4)  tionR,(r):
O =0, E(z=H) = m ,
=20 dZR,,(r) 2 dR,(r) n(n+DR,(r)
where 3 is roughness scale of the Earth’s surfacg(z 12 T\t e)—— ~ 2 =0. (11)
2.5x10°3 m) (Monin and Yaglom, 1965; Willet, 1979), in ) ) ] .
E(2) Solving Eq. (1) we get the following asymptotic expressions
this case i’ (Z)_E(z ik for R, (r):
For finding the solution of Eq. (1) with the boundary con- e
ditions (2)¢ may be expressed in the form: Ro(r) = - ~B + % w2
= iGi + 5 —ar "
¢ Xl_:q W (5) Ra)~ S, n>0
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whereB is constant. Making use of the well known expansion of functi v
Using the second boundary condition (2) and taking intoby Legandre polynomials (Morse and Feshbah, 1960) for sur-
account that spherical harmonic functions are orthogonalfaceS;, we obtain:
we obtain that the average value¥fon sphere is equal to
) 08i0,0 1
Ap,0Ro(r) we get: R
o ) 7

$o0 = BAo,0 (13) o _
o ) ) ) Changing in Eqg. (17) from summing up by separate sources
Substituting Eqs. (12) and (13) in Eq. (1G), is obtained  to summing up by dipoles and taking into account that charge

from: of the positive pole of dipolg;,. and charge of the negative

V= @oo + T 1(0, P) . pole of dipole G- are connected with the value of charging

V8, ¢) = i’: Ap Yo m(0, D) (14) currentJ; in the dipole model of thunderstorm by equation:
nm<n Ji=4n \it+qi+=—47);i_q;— (Holser and Saxon, 1952,

Using the boundary condition (7) faf on the surfaces;, is obtained from:

v(8, ¢) is obtained from: L ;J,(i—ﬁ) o
Poo = .
ear1r2 9 Kia
v, ) = 2 (a— Zin,) ~ Koo | (15) (19)
(1+5) T r=ry K Ki g0

K+ta — & f K+a
When deriving Eq. (15) the differentiation with respect to the 51
normal direction of surfacé is replaced by the differentia- If K— oo is equivalent to solving the problem for the estima-
tion with respect to the radius direction, since the angle of thetion of electrical potentiap with zero boundary condition on
slope of surface; to horizontal plane caused by variation of the Earth’s surface, the Eq. (19) coinsides with the equation
the weight of boundary layer is equal &, whereAH is  for ¢, from paper (Hays and Roble, 1979). In “fair weather
variations of the height of boundary layet,— radius of the  region” where the thunderstorm sources are absent, the elec-
Earth and is small ah H~1 km. trical potentialy is obtained from the following expressions
Substituting Egs. (14) and (15) in Eq. (5) we obtain the from Eq. (16):
expression for potentigh in the spherical layer betweeny

. K
andsSy: @ = ¥oo (1 _ e“("’l)) (20)
K K+ao
— e? —a(r—r1) : . ' .
o) = quG, T ¢oo (1 T K+l e ) The vertical component of the electrical field strengthis
! determined by differentiation of Eq. (20):
e*Ot(V*rl) 9 16 ©
— | = G o e
K ra \ar 294G 10 = - L& ooy (21)
r=ri K+ao

Using stationary condition:f A 32d5=0 for estimation of  In the regions where boundary layer is absdfitfco) we
51 obtain:

we obtai from:
(pOO rprO go — (poo (1 _ e*Ol(V*R))

i =ry

17) The obtained results are valid not only in the stationary case
Ara K+a but also in the quasistationary case under the conditions:
) ] ] . ] T>t, whereT is the characteristic time of changing the
Since every functior;; is not equal to zero in small region  g|ectrical parameters of convective and the thunderstorm cur-
of the spacek” may be constant in this region and taken to be yan generators; is time of the electrical relaxation. There-
Ki=K (6, ¢:). Then, for the numerator of Eq. (17) we get:  {ore jt follows from the Egs. (20-22) thatgk,, andK change

(22)

1 0G,; KA so that the atmosphere has time to relax under this changing,
e Z%‘ % (8_r> - adQ then changes of the electric field strength and electrical po-
Sy = tential may be caused not only by change of the globe thun-

3 8i0.0 Kih; derstorm activity, but also by temporary change of convective

= Z%‘ < or ) Kta’ (18) current generator determined by the working of some aver-

i r=r age boundary layer, existing on the Earth’s surface.

whereg;o,0 is zero coefficient of expansion of functiam Let us consider the problem of finding the values of quan-

in spherical harmonic functions equal to the average value ofity K, characterizing the intensity of the convective current
G, of the sphere. generator. As mentioned above, this quantity is determined
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from the solution of the Egs. (3). This system of equationsestimations of changing of potential of ionosphere are given
may be supplemented with the equation determining the denfor the case of the convective-unstable boundary layer,
sity of turbulent electrical current’v,. For its estimation assuming that the region of the action of thunderstorm

one may use either diffuse approxmathmv/ —~Dr(2)% 73 sources and convective current generators are spatially
or develop the method of its estimation based on the ‘Glosurélivided. The value of changing is equal to 10-40%. Thus,
of correlation moments of the third order, as it was done foralong with thunderstorm activity, convective processes in the
convective-unstable boundary layer (Willet, 1979). The re-atmosphere make the contribution to the global temporary
sults of computer simulations considered in this paper have/ariation of the electrical parameters of the atmosphere.
show that for convective-unstable boundary layer with inver-Further development of this conception is determined by
sion: K=4x10~% m~—1for H=10°m. All other stratifications the investigations of the geographical distribution of the
of boundary layer give the values & much higher than Pplanetary boundary layer on the Earth’s surface and the
the value ofK for convective-unstable boundary layer. Let investigations of electrical processes in these regions of the
us estimate changes of the average potential of ionospher@mosphere.

¢¥xo Using the numerical value & for convective-unstable

boundary layer. First of all let us note that in the case ofEdited by: N. S. Erokhin

homogeneous distribution of boundary Iayer on the Earth’'sReviewed by: S. Pulinets and another referee

surface (model of spherical Earthg;= K +a K+a =1 and
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Thus, the generalization of the classical model of global
circuit taking into account the convective current generator
working in the boundary layer of the atmosphere is obtained.
The calculations show that the convective current generator
exerts not only the local influence on the distribution of the
electrical parameter of the atmosphere, but also determines
the values of the average potential of the ionosphere along
with thunderstorm current generators. The numerical
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