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Abstract

A mechanism of electric-photochemistry channel of seismo-ionospheric coupling is investigated. In particular, the penetration of

electric field from the lithospheric source into the ionosphere and effect of this field on the photochemistry coefficient and iono-

spheric parameters in the altitude range in the lower D region are modeled numerically. It is shown that observable effects can be

expected when lithospheric electric source strength is of the order of 1.5 kV/m. In this case, variations of electron temperature and

electron concentration will be of the order of (40–60)% and (25–40)% respectively at the range of altitudes 60–70 km. An increase of

near-ground conductivity (caused by increasing humidity and/or radon emanation) by �2.3 times can cause increase of electric field
intensity by �2 times in altitude ranges of 60–70 km. Corresponding relative change of Te increases up to �50%, as compared with
the case of lower near-ground temperature. Spatial shapes of relative distribution of electron temperature and the ratio of negative

ion–electron concentration map the spatial shape of the lithospheric electric field distribution. Spatial shapes of electron concen-

tration distribution and electric field strength distribution of the lithospheric source are ‘‘opposite’’ to each other.

� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

On the basis of observations of different seismo-iono-

spheric coupling phenomena, it is possible to reveal
three main channels of seismo-ionospheric coupling

before earthquakes. (1) Electromagnetic channel is

connected with the penetration of electromagnetic sig-

nals radiated by lithospheric current source into the

ionosphere (Molchanov et al., 1995; Grimalsky et al.,

1999). Lithospheric currents can occur due to micro-

fracturing which causes stochastic microcurrent activity

(Molchanov and Hayakawa, 1994; Molchanov et al.,
1995). Corresponding electromagnetic signals including

ELF and VLF have been observed in the ionosphere

before earthquakes (Molchanov et al., 1995). (2)
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Acoustic-gravity wave (AGW) channel (Gokhberg et al.,

1996; Molchanov et al., 2001; Gotynyan et al., 2001) is

characterized by radiation of AGW caused by green-

house lithospheric gases. A lot of observed phenomena
such as periodical variations in electron concentration in

F ionospheric region (Gokhberg et al., 1996), variations

of ionospheric glows (Gladishev and Fishkova, 1994),

plasma turbulence in the F layer (Ossakov, 1981; Mol-

chanov et al., 2002) etc. can be caused by AGWs gen-

erated before earthquakes. (3) Heating-photochemistry

(Tomko et al., 1980; Fuks et al., 1997; Grimalsky et al.,

2003; Dzubenko et al., 2003) and in particular electro-
static-photochemistry mechanism of seismo-ionospheric

coupling is based on the following chain of processes: (a)

increase of electron temperature due to electric field

penetrating into the ionosphere from the lithosphere; (b)

increase of electron collision frequency; (c) change of

rate of energy exchange between charged particles and

variations in the photochemistry coefficients, dynamics
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Fig. 1. Geometry of the electrostatic problem.
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and steady-state conditions; (d) variations in the elec-

tron concentration and ionospheric conductivity (Fuks

et al., 1997; Grimalsky et al., 2003), and one of possible

consequences is the change in phase and losses of elec-

tromagnetic waves propagating in the ‘‘Earth-Iono-

sphere’’ waveguide (Molchanov and Hayakawa, 1998;

Grimalsky et al., 2003; Dzubenko et al., 2003). The
other possible mechanism which can cause variations in

the temperature and ionospheric electron concentration

(due to change of the heat conductivity and eddy dif-

fusion coefficients) is AGW turbulence in the lower

thermosphere (Didebulidze et al., 1990; Dzubenko et al.,

2001, 2003).

Electrostatic-photochemistry mechanism is under

consideration in the present work. Electrostatic mecha-
nism of ionospheric heating is based on the following

experimental facts. (1) Normal electric field of the order

of 1 kV/m was observed in the lithosphere before an

earthquake (Vershinin et al., 1999); (2) Radon concen-

tration increased before and after earthquakes up to an

order of value (Hayakawa et al., 1996; Huixin and

Zuhuang, 1986); (3) In the presence of radon emanation,

air conductivity is approximately proportional to radi-
ation (Oster, 1965). In the presence of electric field ex-

cited by a strong source of lithospheric origin and of

radon emanation before an earthquakes, electric field

can penetrate up to the ionospheric altitudes and modify

photochemistry processes through electron heating

which influences photochemistry coefficients (see more

details in Section 3 below).

In this paper, we consider the penetration of elec-
trostatic field from the lithosphere into the ionosphere

and its influence on photochemical and ionospheric

parameters in the range of altitudes of the lower iono-

sphere. In particular, the following questions not con-

sidered before are studied. (1) In contrast to the papers

by Tomko et al. (1980) and Fuks et al. (1997), electric

field is not taken as a given value, but photochemistry

steady-state conditions are investigated on the basis of
solution of corresponding electrostatic 3D problem. (2)

Influence of a variety of possible (experimentally ob-

served) photochemistry parameters is under investiga-

tion in the present work, in distinction to previous

papers on seismo-ionospheric coupling (see for example,

Fuks et al., 1997). (3) Only modeling of photochemistry

effect at a fixed altitude 60 km due to electric field pe-

netrating from the lithospheric source has been done in
Grimalsky et al. (2003). In the present article, an influ-

ence on photochemistry processes of the lithospheric

electric field is calculated in the range of lower D region

altitudes. (4) An influence of lithospheric electric field

source spatial distribution shape on the electric-photo-

chemistry effects in the lower D region before earth-

quakes is considered, in contrast to previous papers on

electrostatic-photochemistry channel of seismo-iono-
spheric coupling.
2. Electrostatic-photochemistry model

Electrostatic-photochemistry model of seismo-iono-

spheric coupling includes two parts. At first, we have

modeled penetration of electric field of lithospheric

origin into the ionosphere. Then modification of iono-

spheric photochemistry processes due to the pres-
ence of electric field of the lithospheric origin before

earthquakes is considered and possible changes of

(measurable) ionospheric-photochemistry parameters

are searched.

2.1. Electrostatic model

Electrostatic problem solved in the present paper is
illustrated in Fig. 1. The aim of this calculation is to find

electric field of the lithospheric origin penetrating into

the ionosphere which will be used in the further calcu-

lations of the photochemistry parameters (in the parts

(c) and (d) of the present section). The method of

solution of electrostatic 3D problem was described in

details in Grimalsky et al. (2003) and is only briefly

repeated here. Three regions are included into the
ionosphere model: I––region of isotropic media (atmo-

sphere); II––region with finite conductivity where elec-

trostatic field is of interest and is calculated; III––region

with very large but finite longitudinal (relatively to

geomagnetic field direction) conductivity where the

‘‘upper boundary condition’’ for the electrostatic po-

tential, u is used, namely uðz ¼ Z3Þ ¼ 0 (alternatively an
‘‘effective upper boundary condition’’ can be used,
where the corresponding discussion can be found in

Grimalsky et al. (2003)). Source dimensions lX ;Y are of
the order of 100 km, and fictitious lateral ‘‘walls’’ (Fig.

1) are used with distances between them LX ;Y � lX ;Y (in
particular values LX ;Y � 1000 km are chosen). Periodical
boundary conditions at lateral ‘‘walls’’ and Fourier

transform in the horizontal directions are used (see more

details in Grimalsky et al. (2003)). Electrostatic problem
divðr̂ruÞ ¼ 0, ~E ¼ �ru is solved, where r̂ and ~E are
conductivity tensor and electric field, respectively. Com-

ponents of conductivity tensor in the system of coordi-

nate connected with the geomagnetic field are
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r3 ¼ e2Ne
1

meme

�
þ 1

mimi

�
;

r1 ¼ e2Ne
me

meðx2He þ m2eÞ

�
þ mi
mðx2Hi þ m2i Þ

�
;

rH ¼ e2Ne
xHe

meðx2He þ m2eÞ

�
� xHi
miðx2Hi þ m2i Þ

�
;

where Ne, me;i, me;i, xpe;i, xHe;i are electron concentration,
electron and ion collision frequencies, masses, plasma

frequencies and cyclotron frequencies, respectively; r3,
r1 and rH are parallel, Pedersen and Hall conductivi-
ties respectively (Gurevich, 1978). In the lower D

region (z � 60 km), ionosphere is isotropic, rH 	 rp ¼
rk � e2Ne

mme
. Heating of electron gas is determined by

following equations (Gurevich, 1978):

dh
dt

¼ 2
3
Q� dðhÞmeðhÞðh � 1Þ: ð1aÞ

Here Q ¼ ReðrijEiEjÞ=ðNeTeÞ, rij and Ei;j are the

components of conductivity tensor and of electric field

respectively in the coordinate system with OZ axis di-
rected vertically upward (see Fig. 1). The summation
by repeated indexes is supposed. Components rij are

determined by components r3, r1 and rH and the angle
h0 between the vertical direction and the direction of
geomagnetic field (Fig. 1),

meðhÞ ¼ me0h
5=6; ð1bÞ

h ¼ Te=Te0 is relative electron temperature, Te0 is the
unperturbed value of Te, dðhÞ is the rate of energy,
transmitted from electrons to neutral particles under

collisions. In the lower D region, Q � rPE2z (taking into
account that in our problem, the vertical component of

the electric field in this region is much larger than the
other components).

To characterize ‘‘how nonlinear’’ the influence of the

penetrating field on the ionosphere is, and how effective

electron gas heating can be, this field should be com-

pared with the ‘‘characteristic ionospheric electric field’’

which is determined as follows (Gurevich, 1978):

Ep ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3Tn

me
e2

dðTnÞmeðTnÞ
r

; ð1cÞ

where e is electron charge, and Tn ¼ Te0. In the present
paper, we are interested more in electron gas heating

than in possible nonlinearity of the ionosphere heated

by electrostatic field of lithospheric origin (the last

problem should be considered separately). In particular,

we can expect that if the electrostatic field of lithospheric
origin penetrating into the D region of the ionosphere is

even a few times less than the value of Ep, an observable
change in electron temperature is possible. When the

value of electrostatic field of lithospheric origin is close

to Ep, the corresponding electron heating should be very
essential (Gurevich, 1978).
2.2. Photochemistry model

This model describes the set of (main) photochemis-

try reactions in the lower ionosphere (Rowe et al., 1974;

Tomko et al., 1980; Martinenko, 1989; Tohmatsu and

Ogawa, 1991). Examples of these reactions are presented

below:

O2 þO2 þ e ! O�
2 þO2 (reaction of three-body elec-

tron attachment to O2 with the participation of O2 as

the ‘‘third body’’);

O2 þN2 þ e ! O�
2 þN2 (reaction of three-body elec-

tron attachment to O2 with the participation of N2 as

the ‘‘third body’’);

O�
2 þO! O3 þ e (reaction of collisional electron
detachment from O�

2 under collision of O
�
2 with atom

O);

O�
2 þO2ð1DgÞ ! 2O2 þ e (reaction of collisional elec-
tron detachment from O�

2 under collision of O
�
2 with

excited molecule O2ð1DgÞ);
hm þO2 ! Oþ

2 þ e (reaction of electron photo-

detachment);

NOþ þ e ! NþO (reaction of dissociative recombi-
nation);

Oþ
2 þ e ! OþO (reaction of dissociative recombina-
tion);

Oþ
2 þ X� ! O2 þ X (ion–ion recombination reac-

tion).

Charge conservation law has the form: NNOþ þNOþ
2
þ

NYþ �NO�
2
�NX� �Ne ¼ 0, where NX� , NYþ are con-

centrations of all other negative particles besides O�
2

(NO�
3 , CO

�
3 , CO

�
4 etc.), denoted as X�, and positive

(water) cluster groups Hþ  ðH2OÞn, denoted as Y þ,

respectively (model by Rowe et al. (1974)).

2.3. Effective photochemistry coefficients

In the approximation used, effective photochemistry

coefficients (Tohmatsu and Ogawa, 1991; Martinenko,

1989; Fuks et al., 1997) are determined in accordance

with the simplified model (Tohmatsu and Ogawa, 1991)

where effective coefficients of electron attachment, b,
electron detachment, c, dissociative recombination, aD
and ion–ion recombination, ai are determined as values

averaged by corresponding concentrations, namely:
2.3.1. Coefficient of dissociative recombination

aD ¼ ðaDNOþ ½NOþ� þ aDOþ
2
½Oþ
2 � þ aYþ ½Y þ�Þ=Nþ;

where Nþ ¼ ½NOþ� þ ½Oþ
2 � þ ½Y þ� is the total positive

ion concentration, symbol [A] means concentration of

particles of specific A, values aDNOþ , aDOþ
2
, aYþ are

coefficients of dissociative recombination of corre-

sponding ions.
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2.3.2. Coefficient of electron detachment (c)

c ¼
cO�
2
½O�
2 � þ cX� ½X��

½O�
2 � þ ½X�� ; ð2Þ

where cO�
2
, cX� are electron detachment coefficients for

corresponding ions and

cO�
2
¼ cph þ K1½O2ð1DgÞ� þ K2½Oð3PÞ� þ K3½O2�

þ K4½N2� þ K5½O�;

where cph is the electron photo-detachment coefficient;
K1, K2, K3, K4 and K5 are the coefficients of electron
detachment from the ions O�

2 under the collisions of O
�
2

with excited molecules O2ð1DgÞ, atoms Oð3P Þ, molecules
O2, molecules N2 and atoms O, respectively. These

coefficients are presented in Tomko et al. (1980), Mar-

tinenko (1989) and Ogawa and Shimazaki (1975). It is

important for the present problem to emphasize

dependencies of photochemistry coefficients on electron
temperature, Te (Tomko et al., 1980; Martinenko, 1989)
which is modified by electric field of lithospheric origin:

for electron attachment coefficient,

b ¼ 1:4� 10�29 300
Te

½O2�2e�
600
Te þ 10�31½O2�½N2�; ð3Þ

where Te is in eV, concentrations [O2], [N2] are in cm�3;
for dissociative recombination coefficients

aDNOþ � ðTe=TnÞ�0:5; aDOþ
2
� ðTe=TnÞ�0:6;

aYþ � Te
Tn

� ��b

; 0:26 b6 1; ð4Þ

where Tn is neutral particle’s temperature. In the lower
ionospheric D region Tn � Te0. The dependence of elec-
tron collision frequency, me on Te is described by rela-
tionship (1b).
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Fig. 2. Altitude dependence of ion concentrations (a) and dissociative recom

(Ogawa and Shimazaki, 1975)).
2.4. Altitude distributions of the ion concentrations and

photochemistry coefficients

It is relevant to show which photochemistry param-

eters are used in the present calculations because a wide

scatter of experimental data presented in different pub-

lications is rather typical in particular for the lower
ionosphere. Data used for some of the ion constituents

(Ogawa and Shimazaki, 1975) are shown in Fig. 2(a).

Emphasize that electron concentration reported in some

other papers, are about one order of magnitude larger

than in Ogawa and Shimazaki (1975). Corresponding

photochemistry coefficients are calculated on the basis

of data (Ogawa and Shimazaki, 1975) and formulas

presented above (such as Eq. (1)). An example of such
calculations for dissociative recombination coefficient is

shown in Fig. 2(b). Altitude dependence of this coeffi-

cient reflects peculiarity of the positive ion distribution

in the lower D region, namely decrease of water cluster

concentration and increase of concentrations of other

positive ions with altitude (Fig. 2).

In this paper, we consider steady-state conditions. In

particular, steady-state electron concentration can be
obtained from the simplified model (Tohmatsu and

Ogawa, 1991) on the basis of a set of equations (Fuks

et al., 1997; Tohmatsu and Ogawa, 1991):

dN�

dt
¼ bNe � cN� � aiN�Nþ; ð5aÞ

dNþ

dt
¼ q� aiN�Nþ � aDNþNe

Ne ¼ Nþ � N�; k ¼ N�=Ne;
ð5bÞ

where q is electron production rate, ai is ion–ion

recombination coefficient. Putting d
dt ¼ 0, one can get

from Eqs. (5a) and (5b):

b � ck � aikð1þ kÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

q
ðaD þ kaiÞð1þ kÞ

r
¼ 0; ð6Þ
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If c � aiNþ (which is satisfied in the lower D region),

then Eq. (6) gives k ¼ b=c, and it is possible to get the
following from Eqs. (5a) and (5b) (Tohmatsu and

Ogawa, 1991; Fuks et al., 1997):

Ne ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

q
ðkai þ aDÞð1þ kÞ

r
;

N 0
e

Ne0
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðk0ai þ aD0Þð1þ k0Þ
ðk0ai þ a0

DÞð1þ k0Þ

s
: ð7Þ

In Eq. (7), k0 ¼ kðTe ¼ Te0Þ, aD0 ¼ aDðTe ¼ Te0Þ and
k0 ¼ kðT 0

eÞ, a0
D ¼ aDðT 0

eÞ a0
D ¼ aDðT 0

eÞ are unperturbed
and perturbed values due to the presence of the electric

field, respectively, Ne0, Te0 and N 0
e, T

0
e are unperturbed

and perturbed values of electron concentration and
temperature, respectively.

Effect of electron heating can be explained in a sim-

plified manner as follows. If Te increases, bðTeÞ increases
as seen from Eq. (3), and Ne decreases in accordance
with Eq. (7). This behavior of Ne in steady-state condi-
tions corresponds qualitatively to the results obtained

using the photochemistry dynamical model (Grimalsky

et al., 2003; Tomko et al., 1980) in the steady-state limit.
3. Results of modeling

In Fig. 3, typical altitude distributions of conductivity

tensor elements used in the present calculations are

shown. Corresponding altitude dependence of electric

field is shown in Fig. 4(a) and for higher near-ground
conductivity in Fig. 4(b). This increase of conductivity

may be caused by higher humidity and by radon ema-

nation before an earthquake. Calculations have been

done for a ‘‘single’’ lithospheric electric field source (i.e.

source with spatial distribution having one maximum) in

the form

EZðz ¼ 0; x; yÞ ¼ E0½1þ n=ch2ðx=lX Þch2ðy=lY Þ�; ð8Þ
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Fig. 4. Altitude distribution of vertical component of electric field (Ez) a
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where E0 (�100 V/m) is the fine weather electric field
strength, n and lX ;Y are the ratio of lithospheric electric
field strength to fair weather field strength and charac-

teristic source dimensions in X , Y directions respectively.
The maximum electric field value taken for calculations

is equal to EZðz ¼ 0; x ¼ 0; y ¼ 0Þ ¼ E0ð1þ nÞ ¼ 1:5 kV/
m. As seen from Fig. 4(b), an increase of near-ground
conductivity by �2.4 times leads to the corresponding
increase of electric field which is, as a result, of the same

order or even exceeds the ionospheric characteristic

field, Ep at the corresponding altitudes. Therefore rather
effective heating of electron gas can be expected, which is

proven by calculations shown in Fig. 5.

As seen from Figs. 4 and 5, in the presence of litho-

spheric electric field with strength of the order of 1.5 kV/
m, electron temperature can exceed the unperturbed

value by 10–30% in altitude range 60–70 km and by 10–

100% in a case of increasing near-ground conductivity.

Fig. 6 shows altitude variations of dissociative recom-

bination effective perturbed coefficient, electron collision
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frequency and electron concentration. It is seen that, as

a result of heating, electron concentration decreases

from 10% to �40% in the range of altitudes 70–60 km,
and the absolute value of relative change of electron
concentration can increase up to �70%, if near-ground
conductivity increases (Fig. 6(b)). Relative change of

electron conductivity can reach the value 30–80% in the

altitude range 70–60 km. The effect of shape of litho-

spheric electric field spatial distribution, which has in

particular two maxima in the horizontal plane, Fig. 7 (in

distinction to distribution (8)) is illustrated in Figs. 8–10.

It is seen that spatial shape of electron temperature
distribution (Fig. 8) and negative ions–electron con-

centration ratio (Fig. 10) map the spatial shape of the

lithospheric source electric field (Fig. 7). Spatial shapes

of electron concentration distribution and electric field

distribution of the lithospheric source (Figs. 9 and 7,

respectively) are ‘‘opposite’’ to each other.
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Fig. 9. Spatial distribution of normalized electron perturbed concen-

tration for double source (Fig. 7), z ¼ 60 km, nighttime.
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Fig. 11 shows that possible variation of photochem-

istry parameters (Tomko et al., 1980), namely increase

of values of cX� , b which characterize electron detach-
ment from negative ions and dissociative recombination

with (positive) water clusters respectively, leads to a

moderate increase of relative change of electron con-

centration due to heating by the electric field.
Calculations have been done also for other dataset

taken from Rowe et al. (1974). This dataset corresponds
to higher (by about 5 times) values of electron concen-

tration and higher concentrations of some of the ions

comparatively to those used in the calculations pre-

sented above and taken from Ogawa and Shimazaki

(1975). Corresponding values of relative change of

electron concentration caused by electron gas heating

by electric field are about 50% less than those shown in
Fig. 6.
4. Discussion and conclusions

A possible observable effect caused by the electro-

static field before earthquakes in the altitude range

60–70 km is shown. Relative change of electron con-
centration and electron temperature of the order of a

few dozens percent in this range of altitudes (namely,

20–50% at different altitudes and for different values

of the lithospheric electric field strength) is possible.

Rather strong electrostatic lithospheric source with field

strength of the order of 1.5 kV/m is necessary for this.

As a result of increasing near-ground conductivity

caused by increased humidity and radon emanation,
maximum relative change of electron temperature in this

range of altitudes can reach a value of the order of

100%, corresponding relative change of electron con-

centration reaches a value of the order of 70%, and

maximum relative change of electron conductivity

reaches a value of the order of 60%. We have analyzed

ionospheric response to electrostatic field excited by

lithospheric sources of different spatial shapes. This
question is important due to the following reason. Any

channel of seismo-ionospheric coupling describes a

definite set of energy transformations in a layered

inhomogeneous system, lithosphere–atmosphere–iono-

sphere. To describe such a process adequately, it is

necessary to solve a problem of excitation of corre-

sponding disturbances by lithospheric source, their
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penetration into and effect on the ionosphere and finally

to try to find reflection of some of the characteristic

features of seismic source in the ionospheric response.

Recently, connection between spatial (shape) and tem-

poral (frequency) characteristics of lithospheric source

and ionospheric response have been investigated for

electromagnetic (Grimalsky et al., 1999; Grimalsky
et al., 2002) and AGW (Gotynyan et al., 2003) channels

of seismo-ionospheric coupling. It is shown in the

present paper that spatial shape of the ionospheric dis-

turbances of electron temperature and concentration is

similar to the shape of lithospheric electric field spatial

distribution.

Change of electron concentration and conductivity

can give some contribution to observable changes of
parameters (phase and amplitude) of electromagnetic

waves propagating in the waveguide ‘‘Earth-Iono-

sphere’’ before earthquakes (Hayakawa et al., 1996;

Molchanov and Hayakawa, 1998). At the same time,

present consideration shows that possible remarkable

change of electron concentration and temperature is

restricted by the altitudes of the lower D region, namely

60–70 km. It is worthwhile to consider a possibility of
thermal instability (Gurevich, 1978) in the D region of

the ionosphere in the presence of electrostatic field of the

lithospheric origin. If such an instability is possible, ef-

fects considered in the present paper can increase by

value and maybe change of electron concentration and

conductivity can take place at altitudes higher than 60–

70 km. Electric field with strength of the order of (0.5–

10) V/m has been observed in the D region (Fuks et al.,
1997). Such fields may be connected with some sort of

heating instability, and penetration of seismogenic

electrostatic field into the D region may possibly favor

such an instability development. Such a problem is out

of the scope of the present paper and may be a subject

of our separate work.

Finally, the following conclusions can be summa-

rized.

(1) At the different altitudes, the value of the electric field

with lithospheric origin is a few times less than or of

the same order as the corresponding ionospheric

characteristic field, Ep (Fig. 4(b)). As a result, iono-
spheric electric field of lithospheric origin (with

source strength Ezðz ¼ 0Þ � 1:5 kV/m) can signifi-
cantly affect electron temperature (up to �40–60%,
Figs. 5 and 8) and concentration (up to 25–40%,

Figs. 6 and 9) in the range of altitudes Z � ð60–70Þ
km, where electric strength reaches a value E �
0:2–1 V/m (Fig. 4).

(2) An increase of near-ground conductivity (caused by

increasing humidity and/or radon emanation) can

cause an increase in electric field (compare Fig.

4(a) and (b)) and electron temperature at altitude
60–70 km. In particular, �2.3 times increase of
near-ground conductivity causes an increase of val-

ues of electric field by �2 times (Fig. 4(a) and (b))
in the ranges of altitude 60–70 km. Corresponding

relative change of Te can increase up to more than
�50% as compared to the case of lower near-ground
conductivity (Fig. 5(a) and (b)).

(3) Variation of initial parameters (from cX� ¼ 0:01,
b ¼ 0:2 to cX� ¼ 4, b ¼ 1), which characterizes elec-
tron detachment from negative ions and dissociative

recombination with (positive) water clusters (see

Eqs. (2) and (4)), respectively, can lead to an in-

crease of relative change of electron concentration

of about 15–20% in the range of altitudes 70–60

km (Fig. 11).

(4) Spatial shapes of distribution of electron tempera-
ture (Fig. 8) and negative ion–electron concentra-

tion ratio (Fig. 10) repeat the spatial shape of the

lithospheric electric source (Fig. 7). Spatial shapes

of electron concentration distribution and electric

field distribution of the lithospheric source (Figs. 7

and 9, respectively) are ‘‘opposite’’ to each other.

(5) Finally, we emphasize that not only radon near-

ground concentration (or conductivity) increase is
enough to cause remarkable increase of electric field

and therefore change of photochemistry dynamics

and steady-state conditions in the ionosphere (Soro-

kin and Yaschenko, 1999), but also the presence of

powerful lithospheric source of the electric field is

necessary for this.
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