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Abstract. The classic approach to calculate the electro-et al., 1983). Response of the atmosphere and the ionosphere
static field penetration, from the Earth’s surface into the iono-to intense earthquakes were reported by several studies (Kel-
sphere, is to consider the following equatmn((}-VCD) =0 ley et al., 1985; Kingsley, 1989; Pogorel'tsev, 1989; Depuev
wheres and® are the electric conductivity and the potential and Zelenova, 1996; Ruzhin and Depueva, 1996). Also dis-
of the electric field, respectively. The penetration characterturbances related to nuclear accidents were observed (Ruzhin
istics strongly depend on the conductivities of atmosphereet al., 1995; Martynenko et al., 1996) and associated to the
and ionosphere. To estimate the electrostatic field penetrggropagation of acoustic-gravity waves (Row, 1967). More
tion up to the orbital height of DEMETER satellite (about details about these investigations and others are reviewed by
700 km) the role of the ionosphere must be analyzed. It isParrot (1995).

done with help of a special upper boundary condition for the

atmospheric electric field. In this paper, we investigate thel.1 Models of seismic precursory phenomena

influence of the ionospheric conductivity on the electrostatic )
field penetration from the Earth’s surface into the ionosphere/According to the sources of precursory phenomena, models

We show that the magnitude of the ionospheric electric@'® generally based on the formation of micro-cracks in the
field penetrated from the ground is inverse proportional todays to weeks before the event (Molchanov and Hayakawa,

the value of the ionospheric Pedersen conductance. So its?9° 1998). Due to mechanical forces on a specific part

typical value in day-time is about hundred times less than inf t.he Iithosphere,' micro-gracks appear, which incregse in
night-time. their number density and finally end in the earthquake itself.

Part of the mechanical energy, which is released due to the
cracks, is transformed into electromagnetic energy (Mastov
1 Introduction and Lasukov, 1989; Molchanov et al., 1995). The resulting
electromagnetic emission is in the same frequency range as
First unusual disturbances of the vertical compongnof the mechanical disturbances and is in the low frequency parts
the electrostatic field were observed prior to earthquakes irfkHz and below). Since parts of the lithosphere are saturated
the epicentral zones on the Earth’s surface by Kondo (1968)with water, cracks also result in changes of the pore water
Electrostatic potential fluctuations were measured onboard @ressure, which leads to electrokinetic effects (Gershenzon
satellite at an altitude of 400 km (Kelley and Mozer, 1972). et al., 1993). Movement of crustal material (e.g. due to seis-
A systematic research started to develop in 80th (Gokhbergnic waves) may result in inductive effects due to a relative
movement in the geomagnetic field. Additionally, the Earth’s
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All these effects or changes in the electromagnetic envi-ionospheric sensibility. Grimalsky et al. (2003) estimated a
ronment of the near Earth atmosphere due to chemical mecteritical value for the ground electrostatic field of the order of
anisms may lead to the rise of electromagnetic fields on thel to 3kV/m. These values were also discussed in the frame
Earth’s surface (Gershenzon and Bambakidis, 2001). Severalf in-situ measurements (Mikhailov et al., 2007).
models have been proposed to summarize the main physi- The effect of a near Earth precursory sign on the iono-
cal mechanisms and the corresponding effects starting fronsphere can be determined by the projection along geomag-
the ground up to the ionosphere/magnetosphere (Gokhbengetic field lines. In a simplified approach, the inclination
et al., 1985; Pulinets et al., 2000, 2002; Sorokin et al., 2001 pf the geomagnetic field lines is taken to be90° (which
Molchanov et al., 2004). Characteristic variations in the crit- is nearly the case at the geomagnetic poles) and the atmo-
ical frequency foF2 (Silina et al., 2001), the total electron spheric conductivity is assumed to be isotropic. The at-
content (Liu et al., 2004), the ion temperature (Sharma eimospheric (and ionospheric) conductivity has the most im-
al., 2006) or the local ion and electron density (Parrot et al.,portant influence on the penetration of an electrostatic field

2006) were found. through the atmosphere. In altitude regions above 80 km the
conductivity can no longer be taken as isotropic, since the
1.2 Electric field penetration in the ionosphere influence of the rotation of the ionized particles around mag-

netic field lines becomes more important. The Ohm’s law
In the frame of ionospheric precursors, it is important to that relates electric fielf and the current density, involves
know what kind of effect could be observable to maintain the conductivity tenso#. Let us split the vectoE into field-
proper satellite missions. In this connection it is essential toaligned componenk parallel to the magnetic field and the
understand how electrostatic fields from lithospheric origin normal componentg | ,
penetrate into higher altitudes of the atmosphere. Theoret-

ical investigations are generally based on the work of Parkjj=o| Ej, 1)
and Dejnakarintra (1973). This approach was mainly ap-
plied to study the penetration of thundercloud electric field J L.=cpE | —on[E | xB]/B, (2)

into the ionosphere and the magnetosphere. First this model
has been used and developed towards a better description Wihere quantitiesp, oy, o are the Pedersen, Hall, and field-
physical phenomena occurring during lightning (Roble andaligned conductivities (Hargreaves, 1979).
Hays, 1979; Nisbet, 1983; Makino and Ogawa, 1984; Tsur In the atmosphere below 80 km the conductivity tensor is
and Roble, 1985; Baginski et al., 1988; Khegay et al., 1990;isotropic one, so thaty =0, ocp=0=0. Values of the near
Ma et al., 1998; Velinov and Tonov, 1995; Rodger et al., Earth atmospheric conductivity are in the range 16 S/m
1998). The conductivity of the atmosphere is found to be ato 10-3S/m (Molchanov and Hayakawa, 1994). Huge vari-
key physica| parameters in the processes which occurred b@.tions are pOSSibIe due to solar and geOChemical influences
tween the ground and the other layers, in particular the iono{Prolss, 2003). Grimalsky et al. (2002) concluded that an
sphere (James, 1985; Kim and Khegay, 1985; Kamra andncrease of the near-Earth atmospheric conductivity leads to
Ravichandran, 1993). A second application of the model ofa modification of the electric environment of the ionosphere
Park and Dejnakarintra (1973) is discussed and investigatedue to ChaHQEd conditions for the electrostatic field penetra-
in the frame of the studies of the seismic precursor emision.
sions. In this case the electric field of seismic origin is an- In this paper we are interested to study the possible in-
alyzed in the way to estimate the effect of such field within fluences of conductivity variations on the penetration of an
the ionosphere (Gokhberg et al., 1984; Kim et al., 1994; Pu-£lectrostatic field through the atmosphere. Obviously, it is
linets et al., 1998). One has also to report models based ofomplicated to calculate regions where the conductivity is
enhancement of radioastivity and charged aerosols in the a@nisotropic. Thus it is necessary to obtain a proper upper
mosphere before earthquakes (Pierce, 1976; Boyarchuk dtoundary condition, which makes possible to estimate elec-
al., 1998; Sorokin et al., 2000, 2005). The general conclu-trostatic fields at higher altitudes. In the section below, a
sion is that electric fields can effectively penetrate into themodel was obtained, where the atmospheric conductivity has
ionosphere and disturb the ionospheric plasma under certaitie most important influence on the electrostatic field pene-
circumstances. tration.

The field penetration is more effectively at night and the
field intensity value critically depends on the characteristic
source dimension, which could be described by the earth

quake preparation area (Dobrovolsky et al., 1979). Pulinetssince we are interested in the steady state case the basic
et al. (2003) concluded that the electrostatic field effectivelyequations for the atmospheric electric field are the Faraday

penetrates into the ionosphere when the source area is greaigy, the charge conservation law and the Ohm’s law
than 100 to 200 km. This corresponds to a magnitude greater

than 4.6 to 5.3, which is some kind of threshold value fortheVxE = 0 (©)

2 Basic equations
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V.j=0 (4) analyze the two-dimensional model in which no parameter
o depends ony. In such a model the equation (Eq. 7) has the
J=0E, () form

where the Ohm’s law (Egs. 1 and 2) is written in the short _ 9 [ 9% } 9 [ 2% } 0 9
form. Because of (Eq. 3) the electric potentiakcan be in- ax @) dx *x.2) 0z G(Z)Bz (.2)|=0.(9)

troduced so that In our model the atmosphere is considered to be a horizon-

E=—Vo. (6) tal layer between ground and some heiglt
) ] The general solution of this equation in such a domain can
Then the system of the equations (Egs. 3-5) is reduced tge obtained by separation of variables, i.e. superposition of
the equation exponential functions. To solve the differential equation, we
_v. (6~V®) 0, ) need a lower and upper boundary conditions.

that would be the Laplace equation if the conductivity tensor4-1 ~ Lower boundary condition

¢ is isotropic and constant. » )
As the lower boundary condition, the vertical component of

the electric field on the Earth’s surface is given
3 Conductivity

d

Clearly one can see from Eq. (7) that the conductivity tensor_a_z(b(x’ 9 le=0 =Eo(x). (10)
¢ takes a major part in our investigations. The conductiv-
ity is approximately isotropic in the atmosphere. It is re-
garded here as altitude rangg£<zyp, Wherezyp=80km is
the upper altitude range. The height distributions of the at-gy(x)=— Eq(1+ cosx7/a))/2, Ix|<a. (11)

mospheric conductivity can be approximated with an expo-
nential function wherea indicates the size of the affected area on the Earth’s

surface, so thaEq(x)=0 outsides, andg is the maximal
o (z2)=0 exp(z/h), (8)  value of the electrostatic field aEOkm. Quantitya can
be interpreted as the earthquake preparation area. Nega-
and on the conductivity scale-height tive vertical elec'_[rostatic fields on th_e ground means an in-
In accordance with (Handbook of Geophysics, 1960) thecrease of the fair yveather electn(_: fleld_of tr_le atmosphere.
typical values aré =10-13S/m, =6 km for the main part of These values are in agreement with estimations of the elec-

the atmosphere ang=3-10-14S/m, h=3km for the region trostatic source in connection with an earthquake prepara-

near the ground. We mainly use the first set of the parameyon process (Mikhailov et al., 2007; Pulinets and Boyarchuk,

ters and describe possible differences in the results due to thi%004)' In our modeE(=100 V/m anca=200km were cho-

choice. Of course more detailed approximation than Eq. (8)Seg' Iglsr(vzxalug otfrz]arpalées thg dfqgcttrl](()anriﬂlcéri)a ch%soe d(ta(l)
can be used to present real conductivity distribution. How- o/ cosh2x/c), was used | ! S

ever numerical solution of differential equations is necessar)){[w.th c:15|0tkm. we otp_tdfoir:hedfuncyonf(.E?. 11?[ begautse
in such a model with no principal results in comparison with IL1S equal to zero outside the domain of interest and stays

this simplified model, that permits to get the solutions ana_smooth.
lytically.

The model distribution for the vertical electrostatic field
can be written as (see Fig. 1):

where the conductivity only depends on an initial vatie

4.2 Upper boundary condition

4 Model geometry The most significant results concerning the penetration of an
electrostatic field into the ionosphere are related to the upper

The geometry of the model is shown in Fig. 1. The origin of boundary condition (Grimalsky et al., 2003).

the coordinate system is exactly at the epicenter, the y-axis In our model the ionosphere is considered to be a hori-

is directed along the fault and the x-axis is directed perpenzontally stratified in the height more than somg above

dicular to the fault. The z-axis is directed upward, from the ground. It could be shown that because of the high field-

ground to the ionosphere. The distribution only depends oraligned conductivity in the ionosphere our model of the iono-

the distance perpendicular to the tectonic faylbut along  spheric electric field is not sensitive to the valuezgf. We

the faulty the field is considered to be not variable. This choosez,p,=80 km. Our test calculations show no significant

simple approach is consistent with earlier work (Pulinets etchange ifzyp is chosen in the range 80-90 km.

al., 1998). As a tectonic fault is elongated, and some hun- The inclination of geomagnetic field lines is assumed to

dreds of kilometers long, one can also assume an elongatdoke 7/=90°, which means vertical magnetic field lines that is

electrostatic field distribution on the Earth’s surface. So wenearly fulfilled in polar regions.

www.nat-hazards-earth-syst-sci.net/8/1009/2008/ Nat. Hazards Earth Syst. Sci., 8002008
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where the derivatives overare omitted because no function
depends ory. Moreover we use only constalitp since the
Ionosphere horizontal scale of interest is much less than the horizontal
scale of the ionosphere.

Z=L,,

]

5 Model calculation

To study the influence of ionospheric conductivity variations
on the electrostatic field propagation through the atmosphere
we use typical values of the ground value of the conductivity
o and the parametér, and consider different values &fp.
The integrated conductivit¥ p is assumed to bEp=10S in
: day-time (and in auroral zone) aitp=0.1 S in night-time.
Epigénter FEarth The boundary value problem (Egs. 9, 10 and 14) aught
to be solved in the two-dimensional domair£<zyp, that
is infinite in x direction. We can simplify the problem
by addition some sources at large distanggsa in such
a manner that the solution of the original problem is not
Ey(x) disturbed in the domain of interesty|<2a for example.
Namely we add

z=0 X=-a x=+a

¥~

Fig. 1. Geometry of the model where the origin of the coordinate £0o(1+Co(x—b)7/a))/2, |x—b|<a,
system is at the epicenter, and the x- and y-axis are perpendicular
and along the fault, respectively. and continue this function to the whole x-axis with pe-

riod 2b. The large parameteb>-a is chosen by test
, . calculations so that such a modification of Eqg. (11) has no
The boundary:=zyp separates the region below it with ;g ence on the results in the domain of interiest 2a.

isotropic finite conductivity, from the region above it with  Afier that we have the boundary value problem (4.0
nearly infinite field-aligned conductivity. Belowp, the and14) with additional condition of periodicity
value of the conductivity increases by many orders of mag-

nitude with increasing altitude. Abowgp, the conductivity =~ P +2b, )= (x, ). (15)
along geomagnetic field is considered to be huge (practically |t is much more simple to deal with periodical functions
infinite). It means that the magnetic field lines are equipoten-since such a function can be presented with the Fourier Se-
tialandE | isindependent of the height for-z,p. Therefore  ries, while the Fourier Integral is necessary (Korn and Korn,

the Ohm's law (Eg. 2) can be integrated oyer 1968) to present a function that is defined at the infinite axe
00 S, _3 £ and equals zero outside of some finite domain, that|isa
J:/ jidz= <2P 5 H) (E"> , (12)  for the original functionEo(x) (Eq.11).
Zup i =P Y Such a modification of the problem can be described by

other words in the manner that is usual for numerical meth-
ods. The boundary value problem (E§s10and14) has a
Yp= fzoo opdz, Sy= fzoo opdz, particular solution® (x, z)=ax+f Wlth arbitrary c_onstants

up up a, B. It can be used as the asymptoticcat oo and it means
that®(x, z) is constant at vertical lines, whan- oo.
To avoid infinite domain it is possible to chose some large
parameteb and approximately use this conditionatb/2:

where

which are referred to as Pedersen >» — and Hall
conductances >~y — (Hargreaves, 1979). Sincg from

the atmosphere at=zyp is closed with this/, the charge
conservation law means ®(bh/2, z)=0. (16)

VJI=j, . (13)  The zero value is of no matter since any constant can be
=zup added to the potential. Because the solution is a symmetrical

Using the Ohm’s law in the atmosphere with scalar con-©ON€ With respect ta=0 line and Eq. 16) we also have
ductivity o this equation can be written as the upper bound- (—5/2, z)=0. 17

ary condition for the equation (Eq. 9) It is usual to use the boundary value problem with these ad-

ditional conditions (Egsl16 and 17) instead of the original

=0 (14) one.

Z=Zup

% 552 o (2 22
gx Py TR
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80— can be calculated analytically
70: 2 ¢
fn = A (14 coqxm/a)) cos(k,x)dx
- 0
] 2sin(k, _
60 sin(k,a) Fo. (20)

- ~ bkn((kna/m)2 — 1)

50 —
- If k,a=m, that means i2p—1=b/a, the denominator

z.km 40— equals zero, but the numerator also equals zero and this
n fa=a/b. It can not occur ifb/a is not integer. The coef-
30— ficients f,, are large fom close to thisng=(b/a+1)/2 and

7 decrease as/k° for n— oo.
20 The general solution of equation (Eq. 9) can be found due
to separation of variables and is a superposition of exponen-

] tial functions, depending anandz separately

o
107 1072 107t 10° 10 102 ®(x,7)= Z cos (kpx) (A,,el"z—l—BneA”Z) , (21)
Ez(0,2), V/Im 0

Fig. 2. The height distribution of the vertical electric fiekl (0, z) where
above the point=0.

Its solution is close to the solution of the original prob-

lem whenb—oo. The conditions (Eqs16 and 17) per- 1 1\2 2 -
mit to continue the function®(x,z) antisymmetrically "= o\ \on e (22)
®d(b—x, 7)=—>P(x, z) and to get a periodical function with
2b period as in the previous formula (ELp). The coefficientst,, andB, can be derived from the bound-

The new functionE1(x) equals toEg(x) (EQ. 11) in the  ary conditions given in Egs. (10) and (14).
interval |x|<b—a and in contrast withEp(x) it can be pre- We use the presentation (Eq.15) faEo(x) since
sented as E1(x)=Eo(x) for |x|<b—a and the parameteb is large

enough and it does not disturb the solution.
With the constitutive relation,
E1(x)=_ fu coS(kyx), (18)
=0 _
! v S pk®+5 explzup/ bl o On—An)zup (23)
where "2 pk2+6 explzup/ h1Ax '
kn=(2n—1)7 /b. (19) the coefficients are
-1

The terms with even values:2xs well as all terms with ~ An = Jo Qn—=Ana) ™,
sin(kx) are absent because the functiBn(x) is antisym- B, = —aA,. (24)
metrical in respect of=b/2 and symmetrical in respect of
x=0. The components of the electric field in the atmosphere can

The Fourier coefficients are equal be deduced from Eq. (6)

2b
fnz% fo El(x) COS(knx)dx. Ex(.x, Z)z_aiqD(x’ Z) (25)
X
Because of1(x) symmetry and Eqg. (16)
d

fu=2 J372 Ex(x) cos(h,x)ds. Eelv, =g @0, ), (20)

The interval of integration may be decreased toxa where the potentialb(x, z) is calculated by the formula
sinceE1(x)=0 ata<x<b/2. Because of thak1(x)=FEg(x) (Eg. 21). The third compone#i, (x, z)=0 since there is no
at O<x <a the formula (Eg. 11) can be used and the integralvariation along the coordinate.

www.nat-hazards-earth-syst-sci.net/8/1009/2008/ Nat. Hazards Earth Syst. Sci., 81002008



1014 V. V. Denisenko et al.: Electrostatic field penetration into the ionosphere

-400 -300

Fig. 4. Horizontal electric field SEy (x, zup), ©V/m in the night-
time ionosphere wittE p=0.1 S - solid line, and in the ionosphere
with £ p=1S - dashed line.

Fig. 3. Electric field at the ground; (x, 0) - solid line, and at the
bottom of the ionospheré; (x, zup) - dashed line. The maximal
values are 100 V/m and/®V/m, respectively.

6 Summary of the main results tively. This current/; goes to the ground through atmosphere
o i _from the ionosphere. In accordance with charge conservation

The results of the electric field calculations are presented ing,y the same current must go along the ionosphere from its

Fig. 2. It presents the height distribution of the vertical com- ¢, regions,J, /2 from both infinities because of the symme-

ponent of the electric field at the line=0. This graph is 4y Horizontal electric field is necessary for such currents
hardly distinguished from the line

E.(0,)=E(0,00(0) /0 (2), @) gexly g slEH (28)
2° 2> p

which corresponds to the fact that the vertical electric current

density does not vary with height. Itis equal toF1uV/m for x>>a andx<<—a if Tp=1S.
The shape of horizontal cross-sectiont{x, z) isalmost ~ The typical values o vary from 0.1 S in the night-time

independent of the height as it can be seen in Fig. 3. Théonosphere till 10S in the day-time ionosphere and in the

E.(x, ) distributions at the ground and at the upper bound-auroral zone.

ary of the atmosphere are plotted in such scales that these two These limit values, i.ex10V/m, in the night-time iono-

lines would be identical if Eq. (24) is exactly valid. For this sphere are shown in Fig. 4 for|>200 km. The calculated

purpose the dashed line presents the vertical electric field ik, (x) presented in this figure for the upper boundary of the

the ionospherd, (x, zyp) multiplied by exp(zup/ /). Sothe  atmosphere stays the same in the ionosphere in the frame of

maximal values are 100 V/m an@®/m, respectively. our model because of the large field-aligned conductivity in
Figures 2 and 3 show that the vertical component ofthe ionosphere.

the current density almost does not vary with height. The The electric field in the ionosphere is not more than

domain|x|<a of nonzeroj, at the ground slightly increases 10.V/m, since other values af » give decrease of,. It

up to the ionosphere. The total current per=1m can be seen in Fig. 4 whetg, (x) for Xp=1S is shown by
o0 dashed line. The day-timg, (x) distribution has almost the
Jo= [5, Jzdx same shape, but it is invisible in this scale because its maxi-

mum equals 0.LV/m.
does not depend on in view of the charge conserva- The electric fields of these magnitudes can not be observed
tion law. Here we regardd?as a large distance, but less than in the ionosphere because much larger fields, definitely more
b/2to exclude the influence of the added periodically currentthan 1,V/m are always present there.
sources at the ground. So this current can be calculated Figyre 5 gives general view of the electric potential in the
using the Ohm's law and given values of conductivityat  atmosphere. Because of the simple properties of the electric

the ground and: (x, 0) (Eq. 11) field described above, it is possible to obtain analytical solu-
a a tion with a rather good precision.
Jz =/_ szx=/_ o (0 E;(x, 0)dx As the results of Egs. (6), (8) and (24),

= —GEga=—2pA/m. Zup
] P(x.2) = - f | Eo(x)] exp(—z/h)dz
with values of the parametef=100 V/m,a=200 km and z

5=10"13S/m, which are chosen in Sects. 3 and 4.1, respec- = |Eo(x)|h (exp(—z/h)— exp(—zup/h)) ,

Nat. Hazards Earth Syst. Sci., 8, 100947, 2008 www.nat-hazards-earth-syst-sci.net/8/1009/2008/
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terize the atmospheric and ionospheric conductivities while
the horizontal scale of the processs large enough.

This conclusion and estimations by the formula (Eq. 25)
contradict the former calculations (Pulinets et al., 1998),
where the maximum of the horizontal electrostatic field pen-
etration is in the mV/m range.

The electric field at the ground can not be much larger
than 100 V/m, that is used both here and in former models,
since it gives a few hundreds kV potential difference between
ionosphere and ground. So, the only way to get large pene-
trated electric field may be due to atmospheric conductivity
near the ground hundred times increased in comparison with
usual conditions.

Because the conductivity along geomagnetic field lines
is much greater than the conductivities perpendicular to the
field lines, and because of the assumption, that geomagnetic
field lines are parallel in the ionosphere, the electric field in-
tensity will not change significantly in higher altitudes. This
is taken into account in the effective upper boundary con-
dition (Eqg. 14). Thus, the electrostatic field at the altitude
zup=80 km can be used to calculate effects in higher regions.

The assumption of vertical geomagnetic field lines
(I=90) is almost fulfilled in polar regions. In the frame
of satellite missions, data generally is recorded at latitudes
below a specific region. In the case of DEMETER, observa-
tions are performed at latitudes less thafi 6B both hemi-
spheres. This means, the model calculation obtained here
must be expanded to oblique geomagnetic field lines to im-

if we approximately conside®=0 in the ionosphere. Since Prove the results.

the second term is small far from the ground, approximately ~The designed model suppose vertical magnetic field, that
is not valid in middle and low latitudes. It is of matter only

®(x, 2)=|Eo(x)|h exp(—z/h). for the valu_e of the Co_n_dugtance of the ionpsphere, since the
atmospheric conductivity is a scalar that is independent of

The maximal value equal€o(x)h=600kV. This value magnetic field. If we take the inclination into account, the
must be decreased if we take into account specifiy ~ conductance tensor with parametérs, £y (Eq.12) must
behavior near the ground whete=3km gives better ap- be changed with tensor with coefficients,, £,y=—Xx,
proximation (Handbook of Geophysics, 1960). Then the Zyy (Hargreaves, 1979). Since these parameters are inde-
maximal potential difference between ground and iono-Pendent ofc, y the terms withx,,=—%,, do not appear in
sphere becomes about 300kV. Such an electric potentidihe upper condition (Ed.4) after such a modification as well
distribution is presented in Fig. 5. It almost does not depenc®SZ # is not present in (EqL4):
ono (z) distribution above=5 km. 9
The described simple properties Bfand ® space distri- {—a
butions are mainly due to large horizontal scaleh. If the S _
region of the electric field generator near the analyzed earth- |f we exclude for simplicity a narrow region near the ge-
quake becomes less, the ionospheric electric field is proporomagnetic equator, théd,, =¥ p/ cos J, Xyy=Xp, where
tionally decreased in our model in accordance with the esti-x i the angle between vertical and magnetic field, that is in
mations (Eq. 25). So 10V/m can be regarded as the upper X Z plane (Hargreaves, 1979). Of causg.=Xp if mag-

limit of possible electric field penetrated into the ionosphere.netic field is inclined in y, z plane and some average value
would be in general case.

Anyway, the conductancg,, can only be increased in com-
parison with® p. Hence the magnitude of the electric field
The details ofE, (x, z) distribution are defined by the solu- in the ionosphere is smaller if we take the inclination into
tion for the boundary value problem (Egs. 9, 10 and 14), butaccount.

the scale of the penetrating field can be calculated by the for- From our investigations, it comes that the electric field
mula (Eqg. 25) in a wide range of parameters which characpenetration is approximately proportional to the atmospheric

Fi

. 5. Electric potential in atmosphere(x, z) kV.

Q

—0. (29)

Z=Zup

0P 0P
(Zix a)"‘U (Zup)a—Z

7 Discussion and conclusion
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conductivity near the ground and inverse proportional toGokhberg, M. B., Pilipenko, V. A., and Pokhotelov, O. A.: Seis-
the integral ionospheric Pedersen conductivity. Also this mic precursors in the ionosphere, Izvestiya Russian Academy of
penetrated electric field is a hundred times larger during Sciences, Physics of the Solid Earth, 19(10), 762—765, 1983.
night-time in comparison with day-time one, and its penetra-Grimalsky, V. V., Hayakawa, M., Ivchenko, V. N., Rapoport, Y.
tion of electrostatic fields depends on various characteristics G- @nd Zadorozhnii, V. 1. Penetration of an electrostatic field
of the conductivity distributions. However our estimations oM the lithosphere into the jonosphere and its effect on the D-
show that the field penetration is damped and no seismic pre- ;{%%Ogotgegore earthquakes, J. Atmos. Sol.-Terr. Phys., 65, 391~
CU:':SOf may be seen in thﬁ iorr:o.sahec'i? ibut d the d Grimallsky, V V., Koshevaya, S., Perez-Enriquez, R., and Kot-
nar#it:urk)eelhnz;l\’/aii[rlg(?ftl?f?é tatemogggh;riclsér(l)nlétl:%?iveiltl; nguzt g(; sarenko, A.: Electrostatic field variations in the lower ionosphere

b K ially its | h d due to the change of near—earth atmosphere conductivity — 3D
more better known, especially its increase near the groun modeling, 27th General Assembly of the International Union of

during seismic events. Radio Science, Maastricht, Netherlands, 17—24 August 2002.
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