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Abstract 
This paper reviews modeling of the influence of earthquake (EQ) preparation processes on the ionosphere 
through the electric field and electric current occurring in the global atmosphere–ionosphere electric circuit. Our 
consideration is based on the satellite-and ground-based experimental data of electric fields, plasma and 
electromagnetic perturbations obtained for several days before an EQ. We have ruled out the models which are 
not consistent with the experimental data on the electric fields in the ionosphere and also on the ground surface. 
There has then been proposed a new model of the generation of electric field on the basis of injection of charged 
aerosols into the atmosphere, and we discuss the mechanism of lithosphere-atmosphere-ionosphere coupling. It 
is then shown that such changes in the electric field within the ionosphere induce a variety of plasma and 
electromagnetic phenomena associated with an impending EQ. 
Keywords: earthquakes, earthquake precursors, DC electric field, lithosphere-atmosphere-ionosphere coupling 

1. Introduction 
Numerous plasma and electromagnetic anomalies observed within the ionosphere above the regions of seismic 
activity are found as evidence that processes of earthquake (EQ) preparation effects take place in the ionosphere 
for several days before an EQ. Observations of anomalous plasma and electromagnetic phenomena in the 
ionosphere over the zones of seismic activity were extensively discussed in many reviews and books (Gokhberg 
et al., 1988; Liperovsky et al., 1992; Molchanov, 1993; Buchachenko et al., 1996; Varotsos, 2001; Hayakawa & 
Molchanov, 2002; Pulinets & Boyarchuk, 2004; Tronin, 2006; Sorokin, 2007; Molchanov & Hayakawa, 2008; 
Hayakawa, 2009, 2012; Uyeda et al., 2009; Sorokin & Chmyrev, 2010; Hayakawa & Hobara, 2010), and these 
phenomena are considered as manifestation for the existence of  lithosphere-atmosphere-ionosphere (LAI) 
coupling or interaction. There are ionospheric effects as a result of the simultaneous actions of various factors 
such as acoustic waves, electric fields, electromagnetic radiation, chemically active substances, etc. An important 
role in the formation of these factors is played by aerosols of the lower atmosphere, which influence its 
conductivity and forms an external electric charge and a current by atmosphere dynamics. Seismic activity is 
accompanied by the injection of soil aerosols and radioactive substances into the atmosphere, so that the 
enhancement of such activity in seismic regions changes the state of ionospheric plasma and electromagnetic 
field at the temporal scale for a few days before an EQ.  

An analysis of satellite data showed the presence of electromagnetic perturbations over a wide frequency range. 
These perturbations are localized within the magnetic field tube conjugate with the seismic focus of an 
impending EQ. There are quite many papers on those satellite recordings of wave and plasma disturbances 
possibly associated with an individual EQ or several strong EQs (Parrot & Lefeuvre, 1985; Larkina et al., 1989; 
Chmyrev et al., 1989; Galperin et al., 1993; Molchanov et al., 1993; Pulinets et al., 1994; Parrot, 1994, 2009, 
2011; Chmyrev et al., 1997). The presence of electron density fluctuations in the ionosphere above seismic 
regions was substantiated by ample satellite data (Afonin et al., 1999), and there were recorded changes in the 
ionic composition and temperature of the plasma in the upper ionosphere and perturbations of the height profile 
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of the ionospheric F region (Pulinets et al., 1994; Boskova et al., 1994). An analysis of satellite images of the 
Earth's surface in the infrared (IR) frequency range showed the presence of stable and unstable components of 
the anomalous IR radiation flux above active crust faults; this flux corresponded to an increase in the 
temperature of the near-Earth layer by several degrees (Qiang et al., 1999; Tronin, 1999; Tronin et al., 2002; 
Ouzounov et al., 2012). Simultaneously with electromagnetic and plasma phenomena in the ionosphere, there 
were observed an increase in the concentration of certain gases (e.g., H2, CO2, and CH4) by several orders of 
magnitude, an increase in atmospheric radioactivity (related to such radioactive elements as radon, radium, 
uranium, thorium, and actinium and their decay products), and an increase in the injection of soil aerosols 
(Alekseev & Alekseeva, 1992; Virk & Singh, 1994; Heincke et al., 1995; Igarashi et al., 1995; Biagi, 2009; 
Yasuoka et al., 2012). 

The ground-based observations which are aimed at searching electromagnetic phenomena related with processes 
of EQ preparation and evolution, have started in the last tens of years of XX century. The following phenomena 
were observed with a lot of hopes: ULF magnetic and electric emissions (Fraser-Smith et al., 1990; Molchanov 
et al., 1992; Kopytenko et al., 1993; Hayakawa et al., 1996a), acoustic emissions (Gorbatikov et al., 2002), 
amplitude and phase anomalies of subionospheric VLF/LF signals from powerful transmitters (Hayakawa et al., 
1996b; Molchanov & Hayakawa, 1998; Rozhnoi et al., 2004), ionosphere perturbations measured by the 
ionospheric sounding (Pulinets et al., 1994; Liu, 2009), airglow anomalies (Gladychev & Fishkova, 1994) and 
some others. Uniform and global-size observations of possible ionospheric effects from many EQs can be carried 
out together with the estimation of the size of seismo-active region.  

A joint analysis of observational results led us to conclude that seismic activity stimulated the development of 
intense processes in the lower atmosphere. Earth’s surface seismic waves, chemically active and radioactive 
substances, and charged aerosols are likely to act simultaneously on the lower atmosphere. There then occur 
heating of the lower atmosphere, sharp changes in its electrophysical parameters, the generation of acoustic 
waves, and the formation of external electric currents. The acoustic action also appears on the ionosphere 
because of the upward propagation of infrasonic waves (Liperovsky et al., 1997). Processes in the lower 
atmosphere (seismic waves, atmosphere heating, and the injection of gases) result in the generation and upward 
propagation of internal gravity waves (IGWs), which might perturb the ionosphere (Gokhberg et al., 1996). The 
formation of ultralow-frequency radiation on the Earth’s surface by lithospheric sources is considered in 
Molchanov and Hayakawa (1995), Molchanov (1999), Surkov and Pilipenko (1999), and Sorokin and 
Pokhotelov (2010), and the possibility of its penetration into the ionosphere is discussed in Molchanov et al. 
(1995). Numerous studies of the nature of atmosphere-ionosphere interactions aimed at determining their 
mechanism were performed. For instance, the physical processes of formation of currents in the lithosphere and 
propagation of their radiation into the ionosphere were considered in Fitterman (1979) and Pilipenko et al. 
(1999). Alperovich et al. (1979) discussed acoustic actions resulting in ionospheric perturbations and the 
generation of geomagnetic pulsations was discussed. Similar works were performed for numerous chains of 
processes between sources and measured parameters. Another approach to study EQ precursors consists in a 
joint analysis of a set of possible parameters observed. Such an analysis can be physically based on a model that 
makes it possible to interpret satisfactorily most of satellite- and ground-based observations as a manifestation of 
one cause. In this case measured parameters proved to be interrelated by certain regularities. One of the 
important problems of atmosphere-ionosphere interactions is the search for a chain of processes related to acting 
factors and identification of a set of observed effects of a common nature. It is considered that principal causes of 
lithosphere–ionosphere coupling are the generation of both acoustic waves and electric field in the seismic 
region. Below we discuss only one of these influence factors; namely, the purpose of this paper is to discuss the 
cause and consequences of electric field occurring at an eve of EQs. 

2. Basic Properties of DC Electric Fields 
The seismic-related DC electric fields in the ionosphere had been, for the first time, revealed by Chmyrev et al. 
(1989). They analyzed the vertical component of quasi-static (DC) electric field Ez, and we show one example. 
They observed such an enhanced Ez onboard the “Intercosmos-Bulgaria 1300” satellite within a 15-min interval 
before an EQ occurred on January 12, 1982 at 17.50.26 UT. The quasi-static electric field with amplitude of 7-8 
mV/m was observed in two zones: above the EQ focus and in its magnetically conjugate region, and the size of 
those zones was 1°~1.5° in latitude. 

Subsequent investigations of DC electric field in the ionosphere based on direct satellite measurements over 
seismic regions were carried out by Gousheva et al. (2006, 2008, 2009), who analyzed hundreds of seismic 
events in order to detect DC electric field enhancement in the ionosphere connected with EQs. Seismic events 
with different magnitudes in different tectonic structures at different latitudes were observed. They selected the 
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orbits with distance less than 250 km with respect to the EQ epicenter, not crossing terminator and during low 
magnetic activity. Let us present one case study of their registration results. The DC electric field 5-10 mV/m 
was detected in the magnetic conjugate regions 11–13 hours before two EQs (magntitude around 5) occurring on 
25.08.1981 at 16:54:39 UT and 17:29:07 UT correspondingly (Gousheva et al., 2008). Statistical analyses of the 
satellite data by Gousheva et al. (2008, 2009) led them to make a conclusion on the existence of seismic-related 
quasi-static electric field in the ionosphere. The duration of electric field disturbances with amplitude of the 
order of 10 mV/m can be up to 15 days, and the electric field disturbances in the daytime and nighttime 
ionospheres were on the same order. 

Direct observations of quasi-static electric field in the ionosphere are confirmed by computational modeling of 
the ionospheric perturbation occurring at an eve of EQs. Spatial distributions of the total electron content (TEC) 
obtained by GPS receivers in the seismic region were analyzed (Liu, 2009; Pulinets, 2009a), and those TEC 
anomalies are tried to be interpreted with the use of global model of the upper atmosphere which describes the 
thermosphere, ionosphere and plasmasphere as an integrated system. The model is based on integration of the 
non-stationary three-dimensional equations of continuity, impulse and energy balance of multi-component gas 
simultaneously with the equation for electric field potential. In the frame of computer simulations there was 
sought an additional electric field which leads to the TEC perturbation coincident with the one observed in the 
EQ preparation region. For example, Zolotov et al. (2008) considered an EQ in Peru on 26.09.2005. The 
characteristics of TEC disturbances were given in Zakharenkova et al. (2008), and the TEC perturbation was 
observed during six days before the EQ from 21.09.2005 till 26.09.2005. Based on the computer simulations 
Zolotov et al. (2008) have shown that the observable TEC perturbation is due to an additional electric field with 
an amplitude of 6 mV/m. It is further suggested by Klimenko et al. (2011, 2012) and Namgaladze et al. (2009) 
that a possible general cause of TEC perturbation is a vertical plasma drift by the zonal electric field. Computer 
simulations by Klimenko et al. (2012) have shown that the amplitude of electric field disturbance is required to 
be 3-9 mV/m. 

At the same time, observations of the quasi-static electric field on the Earth’s surface in seismic regions were 
carried out by different workers (Kondo, 1968; Jianguo, 1989; Nikiforova & Michnovski, 1995; Vershinin et al., 
1999; Hao et al., 2000; Rulenko, 2000). Analyses of those publications show that the local electric field surges 
with large amplitude reaching several kV/m are observed during the EQ preparation, but their duration is of the 
order of ten minutes. However, there are absent visible electric field disturbances with duration of several days 
observed simultaneously over the horizontal distance of hundreds of kilometers.  

The indirect confirmation of electric fields occurring in the atmosphere is the observational results of VHF 
emissions propagating from the source located in the troposphere over a region of EQ preparation (Vallianatos & 
Nomicos, 1998; Ruzhin et al., 2000; Hayakawa et al., 2006; Ruzhin & Nomicos, 2007; Yonaiguchi et al., 2007a, 
b; Yasuda et al., 2009). VHF radiations are found to have occurred for several days before an EQ, and their 
duration reaches several days. If the VHF electromagnetic radiation propagated over a distance more than a 
wavelength, then the condition of optical propagation is fulfilled, so that it is possible to receive the signal at 
distance of the order of 300 km just in the case that its source is located in the atmosphere above Earth’s surface. 
The region of generation of VHF electromagnetic radiation is found to be at the altitudes of the order of several 
kilometers above EQ epicenters located behind the horizon (Fukumoto et al., 2001; Yasuda et al., 2009). 

Consequently, both the direct and indirect data of DC electric field observations in the atmosphere and 
ionosphere over a seismic region allow us to formulate its basic properties. The basic experimental results are 
summarized as follows: 

• The enhancement of seismic activity produces DC electric field disturbances in the ionosphere of the order of 
10 mV/m. 

• These disturbances occupy the region with horizontal spatial scale from hundreds to thousands km over the 
seismic region. 

• DC electric field enhancements occur in the ionosphere from hours to 10 days before an EQ. 

• DC electric field disturbances in the daytime and nighttime ionospheres have the same order of magnitude. 

• DC electric field disturbances can reach the breakdown value during from hours to 10 days in the atmosphere 
at altitudes 1 to 10 km over the EQ zone. 

• The quasi-stationary electric field on the Earth’s surface does not exceed its background value simultaneously 
in the seismic area during several days. 
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3. Penetration of DC Electric Field Into the Ionosphere 
Lithospheric activity stimulates the processes which are followed by the electric field generation. The 
enhancement in number density of charged aerosols by one-two orders and the increase in atmosphere 
radioactivity level by the injection of radon and other radioactive substances are observed during days and weeks 
before an EQ (Alekseev & Alekseeva, 1992; Virk & Singh, 1994; Voitov & Dobrovolsky, 1994; Heinke et al., 
1995; Pulinets et al., 1997; Yasuoka et al., 2006, 2012; Omori et al., 2007; Biagi, 2009). Data on injection of the 
soil gases such as radon, helium, hydrogen, carbon dioxide in the surface atmosphere with horizontal spatial 
scale of 500 km during from several hours to several weeks before an EQ have been reported by King (1986). 
Igarashi et al. (1995) described the surge in five times of the radon concentration in the soil water, and the data 
on significant emissions of metallic aerosols Cu, Fe, Ni, Zn, Pb, Co, Cr and radon were given by Boyarchuk 
(1997). Quasi-static electric field disturbances in the ionosphere are observed at the same time as the injection of 
active substances in the lower atmosphere.  

There are observed the local short-time releases of active substances along with large scale growth of the level of 
active substances in the lower atmosphere. They can generate the impulses of electric field near the Earth’s 
surface, whose amplitude can reach tens kV/m but its duration does not exceed tens of minutes. A model of the 
generation of pulses of local electric fields with characteristic time scales of 1-10 min for the atmospheric 
conditions above fracture regions of EQs was considered by Liperovsky et al. (2005, 2008). They have proposed 
that aerosols, increased ionization velocity and upstreaming air flows occur at night-time conditions, and that 
water condensates at the aerosols at night when the temperature in the near-earth air is low and the relative 
humidity increases above earth-fracture regions. Then, the relatively large aerosol particles are mainly negatively 
charged, while the charge of smaller particles is overwhelmingly positive. It is assumed that aerosol clouds of 
small dimensions are suddenly injected into the locally heated surface atmosphere and move with the air up to 
higher altitudes. The vertical velocity of small particles is much smaller than that of large ones, which is equal to 
a few cm/s. As a consequence of the shift between the small and large particles, there occur the local pulses of 
the electric field in the atmosphere. The amplitude of such a field is estimated as 103~3×103 V/m, but the 
relaxation time of a cloud of aerosols is estimated 10 minutes. Anomalous emanation of radons preceding a large 
EQ was observed by Omori et al. (2007), who have analyzed atmospheric radon concentrations and estimated 
changes of electrical conditions in the atmosphere due to the preseismic radon anomaly. These authors used the 
model by Liperovsky et al. (2005), and they have shown that the radon emanation reduces the atmospheric 
electric field by 40%. Their estimation of field amplitude gives 104~105 V/m at the observable value of radon 
emanation, but unfortunately there are no calculations of electric field in the ionosphere in the above-mentioned 
works. Nevertheless it is assumed that this impulse electric field can be a source of lithosphere–ionosphere 
coupling. We should note that this impulse field is observed only in local regions. The duration of such impulses 
is 10 minutes, while ionospheric precursors and DC electric field in the ionosphere exist during a much longer 
interval of several days. The field occurs inside a dipole layer of charged aerosols cloud and the field slumps 
outside the dipole layer. Consequently, the local impulse electric field observed on the Earth’s surface cannnot be 
a cause of the ionospheric effects and appearance of DC electric field in the ionosphere; that is, the radon 
injection in the frame of model does not affect the lithosphere–ionosphere coupling. 

A generation mechanism of electric field in the lithosphere based on the result of laboratory experiments has 
been proposed by Freund et al. (2006, 2009) and Freund (2010). Their experiments show that when stresses are 
applied to one end of a block of igneous rocks, two currents flow out of the stressed rock volume. One current is 
carried by electrons and the other current is carried by p-holes. Positive electric potential, ionization of air 
molecules and corona discharge occur on the rock surface. It is assumed that air ionization is a cause of 
ionospheric disturbances, glows and IR emissions, but there are no calculations on the possible effect of this 
source to the ionosphere. This mechanism seems to be used to interpret the impulse phenomena because the 
source duration is over 10 minutes, but it seems to be an unlikely explanation of the existence of DC electric 
field over a long period of time. 

Below we consider the generation mechanisms for quasi-static electric fields in the ionosphere. Spatial 
distribution of this field has a horizontal scale (100–1000) km and its duration is from tens hours to tens of days. 
The field is quasi-static if its temporal variation exceeds considerably the relaxation time (τ) of charges in the 
surface atmosphere τ~ε0 /σ~10~30 min (ε0 is the permittivity of free space, and σ is the surface atmosphere 
conductivity). An equivalent circuit is often used to explain the generation of atmospheric electric field 
(Goldberg, 1984; Sapkota & Varshneya, 1990; Rycroft et al., 2000). The current flowing in the circuit is excited 
by a generator which is the resultant action of thunderstorms all over the world. The fair weather current density 
is of the order of 10-12 A/m2 in the closed circuit (e.g., MacGorman & Rust, 1998; Rakov & Uman, 2002). It is 
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assumed that the conductivity of near-Earth atmosphere of 10-14 S/m yield an electric field value on the Earth’s 
surface of 102 V/m (Rakov & Uman, 2002). The fair weather current gives an electric field of 10-3 mV/m in the 
ionosphere with conductivity 10-6 S/m. Since the background electric field of magnetospheric and ionospheric 
origin has a value (0.1~1) mV/m in the middle-latitude ionosphere, then the field of atmospheric origin with 
intensity of 10-3 mV/m is negligible in the ionosphere. The variation of DC electric field in the ionosphere over a 
seismic region can be realized in two different ways. First of all one can change the load resistance and in a 
different way one can include an additional EMF (electro-motive force) in the global circuit. 

Let us consider the first way. The processes of EQ preparing impact take place in the lower atmosphere which 
contributes to over 80% of load resistance of the global circuit. The injection of radioactive and chemical 
substances and aerosols into the atmosphere, and the variation of aerosols size and atmospheric state result in a 
change of load resistance. In the final analysis, all of these processes change conductivity of the surface 
atmosphere. In Figure 1 there is depicted the circuit with selected part of current over a seismic region. The 
resistance of atmosphere over thunderstorms is denoted by R1, R2 is the resistance of the region of thunderstorms 
activity, R3 is the resistance of near-Earth atmosphere, Ri is the resistance of ionosphere, and I is the fair weather 
current (Rycroft et al., 2000). The load resistance R is much smaller than all of these resistances. The disturbed 
part of circuit (designated by red color in Figure 1) consists of the following resistances: r1 is the resistance of 
upper troposphere, ri is the resistance of ionosphere over a seismic region, and r2 is the resistance of surface 
atmosphere. The disturbance of surface atmospheric conductivity results in the variation of r2 and the electric 
current in this part of the circuit. For the first time, Sorokin and Yaschenko (2000) and Sorokin et al. (2001) have 
carried out the calculation of altitude dependence of DC electric field variation in the Earth-ionosphere layer 
produced by a source of ionization and a growth of conductivity in the lower atmosphere. They performed 
theoretical investigations of the atmospheric ionization by alpha particles and gamma quantum of the nuclear 
decay, and they calculated the altitude dependence of ionization rate and conductivity for different levels of 
radioactivity. It is shown that the electric field can be changed by 1.5-2 times in the ionosphere by the growth of 
conductivity in the surface atmosphere. Such a variation field does not impact onto the ionosphere because the 
amplitude of variations is considerably smaller than the background value. That is, the field variation is invisible 
in the ionosphere. This result is confirmed by Omori et al. (2008), who have shown that the quasi-static electric 
field is reduced by 1.5 times due to the growth of radioactivity and conductivity during the radon injection. In 
spite of evident results of continued unsuccessful attempts to explain the appearance of seismic-related 
quasi-static electric fields in the ionosphere due to the variation of conductivity in the lower atmosphere, for 
example, Pulinets (2009a) has assumed that an anomalous electric field in the ionosphere over an active fault 
occurs by the variation of conductivity in the near-earth atmosphere. The conductivity is varied due to the growth 
of additional radon ionization and the reduction in ions mobility by the generation of large clusters. There are 
missing both the proof of speculation and the calculation of field value in the ionosphere. According to Omori et 
al. (2007, 2008), the radon surge with magnitude 10 Bq/m3 leads to an increase in ionization rate up to (106~107) 
1/m3s. As a result, conductivity of the near-earth atmosphere is increased in 1.5 times, and the field is varied 
approximately by 1.5 times in the ionosphere as well. Since the field of fair weather in the ionosphere is 10-3 
mV/m, then its variation by 1.5 times will be much smaller than the background value (0.1~1) mV/m. Harrison 
et al. (2010) have shown that an increase of ionization rate by radon in two times leads to a variation of the 
current flowing from the ionosphere to the Earth in 10%, and then the field is varied on the same quantity in the 
ionosphere. Thereby, any models based on the assumption that the ionization of lower atmosphere leads to a 
conclusion that the seismic-related electric field formation in the ionosphere is in apparent contradiction with 
experimental data that the electric field is up to 10 mV/m in the ionosphere. 



www.ccsenet.org/mas Modern Applied Science Vol. 7, No. 6; 2013 

6 
 

 

Figure 1. Equivalent electric circuit of DC electric field formation in the ionosphere over a region of 
conductivity disturbance in the lower atmosphere. Black color denotes the conventional global circuit, and red 

color indicates the part of circuit over the region of disturbed conductivity 

 

We consider a different way of DC electric field formation in the ionosphere. The electric current and electric 
field are varied due to the inclusion of a seismic-related EMF in the global circuit. The EMF can be located in 
the lithosphere, in the atmosphere and in the vicinity of boundary between the lithosphere and atmosphere. The 
scheme of altitude dependence of total electric current j = σE+je (je: EMF external current) in these three cases is 
depicted in Figure 2. The origin of coordinate system is located on the Earth’s surface. We consider the case 
corresponding to the left panel of Figure 2. In the frame of this model it is assumed that the EMF is located in the 
lithosphere and the field is transferred through the atmospheric layer with specified altitude dependent electric 
conductivity. The vertical component of electric field disturbance is given on the Earth’s surface, and the section 
of closed global electric circuit is depicted in Figure 3. The uniform Ohm’s law for a subcircuit without the EMF 
is performed in the Earth-ionosphere layer. The nature of electric field source on the Earth surface and its 
characteristics are not discussed in the papers based on this model. The source of field is expected to create a 
quasi-static electric current in the circuit for several days. The field in the ionosphere is calculated at given 
spatial distributions of its vertical component on the Earth’s surface (Kim & Hegai, 1999; Pulinets et al., 2000, 
2003; Grimalsky et al., 2003; Rapoport et al., 2004; Denisenko et al., 2008; Ampferer et al., 2010). Electric fields 
in the ionosphere are computed for different boundary conditions, shape and size of field horizontal distribution 
on the Earth’s surface. Kim and Hegai (1999) showed that the field reaches (0.3~0.7) mV/m in the nighttime 
ionosphere if the field near the Earth has a value of 1000 V/m. Since the field in the seismic region does not 
exceed approximately 100 V/m (Kondo, 1968; Vershinin et al., 1999), then their calculated value of field in the 
ionosphere should be reduced to (0.03~0.07) mV/m. Taking into account that the conductivity of daytime 
ionosphere is larger than that of nighttime ionosphere by one-two order, the field value in the daytime ionosphere 
is approximately 10-3 mV/m. Calculations fulfilled in Pulinets et al. (2000, 2003) show that electric field in the 
nighttime ionosphere can reach (0.1~1) mV/m if it reaches a value (103~104) V/m on the Earth’s surface in a 
seismic area with horizontal scale 100 km. This value of field on the ground surface is required to remain during 
several days, but such a field is unlikely to exist. Calculations performed by Denisenko et al. (2008) confirm this 
conclusion. It is shown that the field reaches a value 10-3~10-4 mV/m in the ionosphere at the maximal field 
value E0 = 100 V/m on the Earth surface. So, we can say that there exists, in the ionosphere, no static electric 
field of lithospheric origin. This can be obtained from a simple consideration of the continuity equation ∇·j = ∇·σE = 0 for the vertical conductivity current j = σ(z)E(z) in the conductive atmosphere. The estimate of 
maximum magnitude can be made simply in 1D (one dimensional) approximation dσE/dz = 0. Let σ0, σ1 be the 
conductivity in the near-ground of the atmosphere and that in the ionosphere and E0, E1 are the electric fields 
near the ground and in the ionosphere, then we obtain E1 = E0(σ0/σ1). Taking into account that σ0 ≈ 10-14 S/m; σ1 
≈ 10-6 S/m; E0 = 100 V/m we find E1 ≈ 10-3 mV/m, which is four orders of magnitude lower than the background 
ionospheric field. Thus the considered model is found to contradict with the well-known experimental data 



www.ccsen

 

which ind
DC electri

Figure 2. D

 

The case o
is expected
had been 
electric fi
phenomen
the quasi-s
Rakov & U
Therefore,
field pene
Pulinets et

Figure 3
Conductiv

 

It seems th
seismic re
developed
references

net.org/mas 

icate that the 
ic field in the i

Dependence on
current σE, 

of EMF locatio
d for thunderst
calculated by
eld penetratio

non of electric 
static electric f
Uman, 2002), w
, the use of the
etration in the 
t al. (2000). 

. Model for DC
ve layer of the 

electri

hat the only p
egion is illustr
d now (Sorokin
 therein), is b

preparation pr
onosphere ove

n altitude of th
and dark recta

on in the atmos
torms, and the 

y Park and De
on in the iono

field penetrati
field with mag
while the field
e above-mentio

ionosphere a

C electric field
ionosphere, 3.
c field in the i

ossible way to
rated by the r
n et al., 2001;
based on the a

Modern

rocesses of lar
er the epicenter

he total electric
angles are the e

sphere is corre
penetration of

ejnakarintra (1
osphere in se
ion into the io
gnitude up to (
d is not exceed
oned method d

at EQ preparin

d penetration fr
. Lithospheric
onosphere, and

o explain resul
right panel of
; Sorokin et a
assumption th

n Applied Scienc

7 

rge magnitude
r zone up to 10

c current in the
external curren

esponding to th
f the electric fi
1973). This m
veral works. 

onosphere duri
(103~104) V/m

ding its backgro
does not allow
ng, for examp

from the lithosp
source of elec
d 6. Atmosphe

lts of DC elec
f Figure 2. A 
al., 2005a; Sor
at the current 

ce

e EQs are acco
0 mV/m. 

e atmosphere.
nt of EMF (ele

he middle pane
ield of thunder

method was us
There is a p

ing thunderstor
m is observed u
ound value on 

w us to elaborat
ple, in Molcha

phere into the 
ctric field, 4. E
ere-ionosphere

ctric field obse
principally di

rokin et al., 20
t source in the

ompanied by a

 

Blue figures a
ectro-motive fo

el of Figure 2. 
rstorm clouds 
sed to study th

principal differ
rm and EQ pr
under a thunde
the surface of

te the mechani
anov and Hay

 
ionosphere. 1.

Electric field in
e electric circui

ervation in the
ifferent model
007; Sorokin 
e circuit conn

Vol. 7, No. 6;

an enhanceme

are the conduct
orce) je 

The same situ
into the ionosp
he seismic-re
rence between
reparation. Nam
erstorm cloud
f EQ preparing
ism for DC ele

yakawa (1996)

. Earth surface
n the ground, 5
it 

e ionosphere o
l which is act
& Chmyrev, 2
ected with pre

2013 

ent of 

tivity 

ation 
phere 
lated 
n the 
mely, 
(e.g., 

g area. 
ectric 
) and 

, 2. 
. DC 

ver a 
tively 
2010, 
e-EQ 



www.ccsen

 

processes 
EQ prepar
additional 
EMF is fo
In this cas
formation 
gravitation
with an inc
current inc
current nea
exceeds th
the order o
in which w
correspond
Sorokin et
V/m. This
atmospher
field estim
E0(σ0/σ1)(1
on the righ
Pulinets et
the externa
of vertical
aerosol ch
0.3 m/s, w
estimate su
loss of fiv
interpolati
above-men

Figure 
Gravitati

net.org/mas 

is situated not
ration process
source of elec
rmed in the ne
e the observab
is depicted in 

nal sedimentati
crease in seism
creases with a
ar the surface 

he fair weather
of external curr
we included an
ds to the con
t al. (2001) the
s fact can be 
re is expressed
mate for the i
1+je0/σ0E0), wh
ht side of this
t al. (2000, 200
al current is ca
l atmospheric 

harge in the atm
we obtain the e
uggests that th
ve orders of 
on of the al
ntioned author

4. EMF forma
ional sediment

t in the lithosp
ses modify the
ctric current is
ear-earth atmos
ble electric fiel

Figure 4. Upw
ion result in th

mic activity. Th
altitude, so th
can be of the 

r current by fo
rent of EMF n
n EMF over th
nductivity curr
e conductivity 

understood b
d by a form ∇
ionosphere in
here je0 is the d
s equation cor
03), Denisenko
aused by the m
convection wi
mosphere lies 
electric field fo
he field penetra

the field mag
ltitude distrib
rs may be wron

ation in the sur
tation, 3. Atmo

Modern

phere or in the
e atmosphere 
s generated in 
sphere and inc
ld on the surfa
ward transfer o
he EMF forma
he external cur

hat the total cu
order of that o

our-five orders
near the surface
he seismic regi
rent flowing 
current can be

by a simple es∇·(σE+je) = 0, 
 1D case giv
density of the E
rresponds to th
o et al. (2008),

movement of a
ith velocity v, 
in the range fr

or the ionosph
ation model wh
gnitude in the
bution of con
ng. 

rface atmosphe
ospheric radioa

External

n Applied Scienc

8 

e atmosphere, 
in this layer 
the global circ

cludes the boun
ace is located i
of the charged

ation. Aerosols
rrent of EMF i
urrent in the c
of fair weather
s. Therefore, th
e. Figure 5 illu
ion. Horizonta
along the ion

e 10-12 A/m2 ne
stimation. The
where je is th

ves σ0E0 + je0

EMF external 
he above-ment
, and Ampfere

aerosols with c
then the curre

from 100 to 80
ere: E1 ≈ 10-6(
hich has been 
e ionosphere. 
nductivity, so 

ere. 1. Atmosp
activity, 4. Soi
l current of EM

ce

but in the nea
and form an 

cuit at the stag
ndary between
inside the EMF
d aerosols by a
s are injected i
is reduced with
circuit is cons
r current, whil
he conductivity
ustrates the circ
al component o
nosphere j~σ1E
ear the surface
e continuity e
he EMF extern
0 = σ1E1. Usin
current near t

tioned model 
r et al. (2010).

concentration N
ent density can
00. Assuming 
(1+104) V/m ≈
chosen by abo
The result d
that the fie

pheric convecti
il gases, 5. Con
MF 

ar-ground atmo
EMF in the 

ge of EQ prepa
n the lithosphe
F range, and th
atmospheric co
into the atmosp
h altitude, whi
stant. The val
e the quantity 
y current in th
cuit with selec
of the electric 
E1~(10-8~10-7)

e and the electr
equation for to
nal current den
ng this equat

the Earth’s surf
used by Kim 
. If we suppose
N and charge Z
n be estimated
Z = 3×102; N
≈ 10 mVm. Th
ove-mentioned
oes not depen
ld penetration

 
ion and turbule
nduction electr

Vol. 7, No. 6;

ospheric layer.
seismic zone.
aring. The ran
ere and atmosp
he scheme of 
onvection and 
phere by soil g
ile the conduct
lue of conduct
of external cu

he ionosphere 
cted parts of cu

field E1~10 m
) A/m2. Follo
ric field can be
otal current in
nsity. The sim
tion we find
face. The first 
and Hegai (1

e, for example
Ze under the a
d as je0~ZeNv.
N = 8×109m-3

hus even this r
d authors, leads
nd on the wa
n model used

ent diffusion, 2
ric current, and

2013 

. The 
The 

ge of 
here. 
EMF 
their 

gases 
tivity 
tivity 

urrent 
is on 

urrent 
mV/m 

wing 
e 100 
n the 

mplest 
E1 = 
term 

999), 
, that 

action 
. The 
; v = 

rough 
s to a 
ay of 
d by 

2. 
d 6. 



www.ccsen

 

Figure 5. 
the surfac

 

4. Perturb
The forma
surface atm
EMF occu
conditions
quasi-stati
two main
transforma
thermal in
gradient. T
of lower 
gravitation
differentia
a particle h
of aerosol
function. T
(eσ0/ε0)(Z+

conductivi
concentrat
external cu
je(0,t) ≈ (1
to obtain t
aerosols in
atmospher
attachmen
These effe
been studi
production
the decay 
computatio
parameter 
ion produc
ion produc
maximum 
rate is diff
increase in

net.org/mas 

Equivalent cir
ce atmosphere.

bation of DC E
ation mechani
mosphere has 
urs with the int
s. Both the up
c altitude distr

n reasons. Th
ation of wind 
nstability of th
Turbulent vorti
concentration.
nal sedimentati
al equations for
has the charge
ls, their electri
There is obtain
+N+−Z-N-)Hj, w
ity of surface 
tion of positiv
urrent. If we ta
0-6~10-7) A/m
the observed c
nto the atmosp
re conductivity
t of ions to ae

ects would lead
ied theoreticall
n rate as a resu

of radioactiv
onal results on
A is the index

ction rates due
ction rate in t
in the stratosp

ferent from th
n ion productio

rcuit of DC ele
. Black color d

Electric Field
ism of externa
been consider
tensification o
pward turbulen
ribution of aer

he first is rel
kinetic energ

he atmosphere
ices transfer ae
 An equilibri
ion. The partic
r the probabili

e Ze at a mome
ic charge and 
ned an estimat
where e is the
atmosphere, Z

ve and negativ
ake σ0 ≈ 2×1
2. This value o
conductivity c
here is realize
y. The presenc
erosols. Moreo
d to the variati
ly in details by
ult of absorptio
ve elements be
n the altitude 
x of growth of 
e to the action 
the atmospher
phere is 4×10
e exponential 
on rates in ma

Modern

ectric field form
denotes the glo

region of

d in the Atmos
al current of E
red in Sorokin 
of injection of 
nt and convec
rosols density 
lated with the
gy into the en
e arising whe
erosols from th
ium is attaine
cle dynamics in
ity distribution
ent t on the alt

d external curr
tion of the valu
e elementary e
Z± is the amo
ve charged aer
0-14 S/m, Z+ =
of external cur
current in the 
d jointly with 
ce of aerosols
over, the intera
ion of EMF on
y Sorokin et a
on in the atmo
eing constitue
dependence o
radioactivity i
of alpha partic

re near the Ea
7 1/m3s. As fol
altitude depen

aximum. Equili

n Applied Scienc

9 

mation in the i
obal circuit, and
f EMF occurre

sphere–Ionosp
EMF related w
and Yaschenk
charged soil a
ctive transfer 
in the atmosp
e vertical gra

nergy of turbu
en the negativ
he altitudes wh
d when the v
n the turbulent

n function (Sor
titude z. Spati

rent densities 
ue of external 
electric charge
ount of positiv
rosols, and Hj

= 300, N+ = (1~
rrent of EMF s
ionosphere ~1
radioactive su

s might lead t
action of ions 
n the surface le
al. (2007), who
osphere of the 
ents of the atm
f ion producti
in the near Ear
cles and gamm
arth’s surface i
llows from thi
ndence of atm
ibrium values 

ce

onosphere ove
d red color ref

ence 

phere Global C
with the dyna
ko (2000) and 
aerosols or with

and gravitatio
phere. The turb
adient of hor

ulent pulsation
ve temperature
here their conc
vertical flux o
t atmosphere c
rokin et al., 20
al and tempor
are expressed
current je(0,t)

e, ε0 is the per
ve and negativ

is the scale h
~5)×109 1/m3

shows that the 
10-8 A/m2. In 
ubstances, so th
to a reduction
with aerosols

evel of atmosp
o have obtaine
 gamma radiat
mospheric rad
on rate q = q(

rth layer. In Fig
ma rays are equ
is 107 1/m3s a
s plot, the vert

mospheric radio
of ion numbe

 
er the region of
fers to the part 

Circuit 
amics of charg

Sorokin et al.
h the variation
onal sediment
bulent transfer
rizontal wind 

ns. The second
e gradient exc
centration is hi
of aerosols is 
can be describe
001), which is 
al dependencie

d as the mome
near the Earth

rmittivity of fr
ve charges on 
height of verti
3, Hj = (2~5)×
mechanism di
many cases th
hat the ionizati
n in the condu
 changed the 
phere. First, th
ed the vertical 
tion and the a

dioactivity. An
(z) is depicted
gure 6a they h
ual to each oth
and the ion pr
tical distributio
oactivity. We n
r densities are

Vol. 7, No. 6;

f EMF occurre
of circuit over

ged aerosols in
 (2001, 2007)

n of meteorolo
tation result in
r takes place d

velocity and
d is caused by
ceeds its adia
igh, to the altit
balanced by 

ed by the stoch
the probability
es of concentr
ents of distrib
h’s surface je(0
ree space, σ0 i
aerosol, N± i
ical distributio

×103m, one ob
iscussed enabl
he injection of
ion increases i
uctivity due to
charge of aero

hese processes 
distribution o

lpha particles 
n example of 
d in Figure 6a.
ave chosen tha

her, the backgr
roduction rate
on of ion form
notice a signif

e determined b

2013 

ed in 
r the 

n the 
. The 

ogical 
n the 
ue to 

d the 
y the 
abatic 
tudes 
their 

hastic 
y that 
ration 
ution 
0,t) = 
is the 
s the 
on of 
btains 
es us 
f soil 
n the 
o the 
osols. 
have 

of ion 
from 
their 

. The 
at the 
round 
 at a 

mation 
ficant 
y the 



www.ccsen

 

recombina
heavy ions
We have u
external cu
of aerosol
depicted in
density of 
×109 1/m
increase in
loss of ligh

Sorokin et
layer and t
the signifi
temporal s
typical sca
seismically
limitation 
field and t
potential b
this bound
atmospher
surface is 
the surface
In the pre
vertical co
(Sorokin e
exceed a m
equation fo
those calcu
electric cu
up to 10 km

Figure 6
Vertical 
over th

disturbed 

The theory
observatio
Sorokin an
electric cir

net.org/mas 

ation process a
s are produced
used the self-
urrent, atmosp
s injection and
n Figure 6b. 

f aerosols, and 
m3. Calculation
n conductivity 
ht ions attache

t al. (2007) ha
the electric fie
icant (up to 1
scale of the or
ale exceeding 
y active perio
can be explain
the causal ext
barrier on the g
dary. Their up
re. If, for exam
charged negat

e. At the same 
esence of such
omponent of th
et al., 2005a, 2
maximal value
for the external
ulation results

urrent is depict
m and its valu

6. Computation
distribution of
e center of dis
region. Curve

ra

y of generatio
on data of fie
nd Chmyrev (
rcuit. The sour

and the adhesi
d as a result of
-consistent sys
phere conductiv
d the atmosph
Conductivity 
we have chose

ns show that t
and the growt
d to aerosols. 

ave shown tha
eld is generated
1 kV/m) pre-E
rder of tens of
1 day at the 

od are characte
ned in terms o
ernal currents 
ground-atmosp
pward movem

mple, a positive
tively. So, the 
time this field

h coupling the
he electric fiel
2007) yields th
e of the order 
l current and e
s of altitude di
ted in Figure 6
e can be (10-8~

nal results by a
f the ion produ
turbed area, an

es 1, 2 and 3 co
adioactivity gro

on of the seism
lds in the ion
(2010). The fi
rce of current 

Modern

ion to aerosol
f light ions adh
stem of nonlin
vity and DC e

here radioactiv
depends on b
en the value o
the growth of 
th of aerosols c

at the external 
d by its vertic
EQ vertical el
f minutes. At 
distances with
erized by the 

of the mechani
on the Earth’

phere boundary
ment is perfor
ely charged pa
downward ele

d stimulates the
e magnitude o
ld on the surfa
hat the value 
of 90 V/m at 

electric field ha
istribution of 
6c. It is shown
~10-6) A/m2.

a self-consiste
uction rate, b) A
nd c) Altitude 
orrespond to di
owth in the ne

mic-related D
nosphere is el
ield is associat
disturbances i

n Applied Scienc

10 

ls in the atmo
hesion to aeros
near equations
lectric field in
ity. The comp

both the level 
f aerosols con

f radioactivity 
concentration r

current of EM
al component
lectric fields o
the same time

hin hundreds t
magnitude no

ism of feedbac
’s surface. Suc
y at the passag
rmed due to 
article goes fro
ectric field pre
e going out on
of external cu
ace. The first s
of vertical com
any amount o
as been derive
external curre

n that the exter

nt system of n
Altitude profile
dependences o
ifferent levels 

ear-Earth layer)

 

C electric fiel
laborated first
ted with elect
is the EMF inc

ce

sphere. The li
sols in the atm
s for the calcu
n the Earth-ion
putational resu

of atmospher
centration in t
level in the s

results in a red

MF is defined 
t on the near-E
on the Earth’s
e the atmosphe
to thousands k
ot exceeding ~
ck between the
ch a feedback 
ge of upward m
the viscosity 

om the ground
events more pa
n the surface of
urrents on the 
study of the m
mponent of qu

of external cur
ed first by Soro
ent with taking
rnal current is 

non-linear equa
es calculated f
of external elec
of atmospheri
) 1. A=0, 2. A=

ld conforming
t by Sorokin 
tric current dis
cluded in the g

ight singly-ch
mosphere near t

ulation of spa
nosphere circui
lt of atmosphe

ric radioactivit
the surface atm
surface atmosp
duction in cond

on the atmosp
Earth level. A
s surface have
eric electric fi
km from the E
~100 V/m. Th
e disturbances 
is caused by 

moving charge
of soil gases

d to the atmos
articles from p
f the negatively

Earth’s surfac
mechanism of t
uasi-static elec
rrent of EMF. 
okin et al. (200
g into account 
generally loca

ations (Sorokin
for the atmosph
ctric current ov
c radioactivity
=2, 3. A=4 

g to both the 
et al. (2001, 
sturbances flo
global circuit, 

Vol. 7, No. 6;

arged ions and
the Earth’s sur

atial distributio
it at given inte
eric conductiv
ty and the nu

mosphere equal
phere results i
ductivity due t

pheric conduct
As it is noted ab
e the characte
ield variations 
EQ center duri
he cause of su

of vertical ele
the formation

ed aerosols thr
s flowing into
sphere, the Ea
penetration thr
y charged part
ce depends on
this field limit
ctric field doe
The self-consi
07). An examp

the feedback 
ated at the altit

n et al., 2007). 
here conductiv
ver the center o
y (A is the inde

direct and ind
2005a, 2007)
wing in the g
which is gene

2013 

d the 
rface. 
on of 
ensity 
ity is 
mber 
l to 2
in an 
to the 

tivity 
bove, 
ristic 
with 

ing a 
uch a 
ectric 
 of a 

rough 
o the 
arth’s 
rough 
icles. 
n the 
ation 
s not 
istent 
ple of 

with 
tudes 

 

a) 
vity 
of 
ex of 

direct 
) and  
lobal 
rated 



www.ccsen

 

by the in
sedimentat
Figure 7. T
electric fie
(Sorokin e
the ionosp
be ellipse-
horizontal 
surface is l
in the ion
vertical ele
Within thi
componen

Investigati
in the glob
2012b), wh
tropospher
the axial sy
It is possib
(5~10) km
parameters

Figure 7. 
in the l

Ex
atmosph

net.org/mas 

njection of ch
tion. The sche
The self-consis
eld, atmosphe
et al., 2005b). F
phere and on th
-like with axis
electric field 

limited by a m
nosphere has m
ectric field enh
s area the vert

nt in the meridi

ion of the spat
bal circuit bas
ho have shown
re. Figure 9 ill
ymmetric hori
ble to expect o

m in which the
s of atmospher

Model of DC 
lower atmosph
xternal electric
here–ionospher

harged aeroso
eme of the for
stent system o

ere conductivit
Figure 8 presen
he Earth`s surf
s directed und
in the ionosp

magnitude ~ 90
maximal magn
hancement on 
tical field prac
ian plane stron

tial distribution
ed on the abo
n that the DC e
lustrates the sp
izontal distribu
occurrence of t
e electric field 
re and aerosols

electric field g
here (Sorokin e
 current of EM
re circuit, 5. D

Charged aer

Modern

ols into the 
rmation of elec
f nonlinear eq
ty, concentrati
nts an example
face. Horizont
der an angle t
phere reaches 
0 V/m over an 
nitudes at the 

the ground ex
ctically does no
ngly depends o

n of electric fie
ve-mentioned
electric field a
patial distribut
ution of extern
the one or two
reaches a bre

s. 

generation in th
et al., 2005a). 

MF in the surfa
DC electric field

rosols injected

n Applied Scienc

11 

atmosphere a
ctric current d

quation to comp
ion of ions an
e of their calcu
al distribution
to the meridia
~10 mV/m, w
active fault. A
edges of area

xceeds the cha
ot depend on d

on the magnetic

eld in the atmo
theory has be

at the certain co
tion of electric

nal current with
o levels with th
akdown value

he ionosphere 
1. Earth surfac

ace atmosphere
d in the ionosp
d into the atmo

ce

and their upw
disturbance in 
pute the spatia
nd charged ae
ulation of spat

n of external cu
an plane. Thes
while the verti

Another importa
a of external 
aracteristic hor
distance. These
c field inclinat

osphere conne
een carried out
onditions can r
c field normal
h horizontal sp
hickness (1~2)
e. Characteristi

by seismic rel
ce, 2. Conducti
e, 4. Conductiv
phere, 6. Field-
osphere by soil

ward transfer 
the global circ

al distribution 
erosols is inclu
ial distribution
urrent on the s
se two figures
ical electric fi
ant result is th
current. The h
rizontal scale o
e calculations 
tion. 

ected with distu
t by Sorokin e
reach the break
ized by the br

patial scale 100
) km located at
ics of these lev

 
ated EMF (ele
ive layer of the
vity electric cu
-aligned electr
l gases 

Vol. 7, No. 6;

and gravitat
cuit is present
of external cur
uded in the th
n of electric fie
surface is chos
s illustrate tha
ield on the Ea

hat DC electric 
horizontal sca
of external cur
show that the 

urbances of cu
et al. (2011, 20
kdown value i
reakdown valu
0 km on the su
t different altit
vels depend o

ectro-motive fo
e ionosphere, 3

urrent in the 
ric current, and

2013 

tional 
ed in 
rrent, 
heory 
eld in 
en to 

at the 
arth’s 
field 

ale of 
rrent. 
field 

urrent 
012a, 
n the 

ue for 
urface. 
tudes 
n the 

orce) 
3. 

d 7. 



www.ccsen

 

Figure 8
field near 

 

According
if the fiel
amplificati

1) The e
the at

2) The s

3) The E
inject

4) The f
field 
at its 

net.org/mas 

8. Spatial distri
the Earth surfa
orientation to 

g to the above-
ld magnitude 
ion and penetr

electric field in
tmosphere-ion

source of cond

EMF is formed
ted along with

field limitation
and the causal
transfer from 

ibutions of hor
ace (bottom pa
the meridian p

-mentioned cal
does not exc

ration into the 

n the ionosphe
nosphere circui

ductivity curren

d by convectiv
h soil gases from

n on the Earth
l external curr
the ground to 

Modern

rizontal electri
anel) over the e
plane is β = 45

lculations, the 
ceed 100 V/m
ionosphere is b

ere and on the
it. 

nt is an externa

ve transport of
m the lithosph

h surface is cau
rent. This feedb
the atmospher

n Applied Scienc

12 

ic field in the i
ellipsoidal fau
°. The angle of

DC electric fi
m on the Earth

based on the fo

e Earth’s surfac

al current of E

f the charged a
here into the lo

used by a feed
back is produc
re. 

ce

ionosphere (up
lt (Sorokin et a
f magnetic fiel

ield can reach 
h’s surface. T

following issue

ce is a field of

EMF included i

aerosols and th
ower atmosphe

dback mechan
ced by the pote

 

pper panel) and
al., 2006). The
ld inclination i

10 mV/m in th
The theory of 
es. 

f conductivity 

in this circuit. 

he radioactive e
ere. 

nism between t
ential barrier f

Vol. 7, No. 6;

d vertical elect
e angle of fault
is α = 20° 

he ionosphere 
f DC electric 

current flowin

elements whic

the excited ele
for charged pa

2013 

ric 
t axis 

even 
field 

ng in 

h are 

ectric 
rticle 



www.ccsen

 

Figure 9. 

 

5. LAI Co
In order to
study the p
coupling m
hypothese
Hayakawa

Though w
Gokhberg 
preparing, 
before stro
propagatio
or an unste
emanation
LAI coup
Further th
Molchanov
LAI coupl
releases re
Seismo-ind
change of 
of VLF/L
depression

net.org/mas 

Examples of s

oupling Model
o understand th
physical proce
mechanism. A
s, (i) internal 

a, 2008; Puline

we do not go 
and Shalimo
who consider

ong EQs. Tho
on through the 
eady injection 

n into the atmo
ling because 
ey discussed v
v et al. (2004)
ling. The atmo
esulting in the 
duced AGW c
the-over-the h

LF waves in t
n of ULF em

spatial distribu
the bre

ls 
he nature of nu
esses and then 

At the present t
gravity waves

ets & Ouzouno

into the detai
v (2000) gav

red the ionosph
ose authors be

ionosphere. T
of lithospheric

osphere. They 
the atmospher
various likely 
) and Molchan
ospheric pertur

generation of
could lead to t
horizon VHF r
the lower ion

missions on th

Modern

ution of DC ele
eakdown electr

umerous ionos
to create the m

time we consi
s (IGW) or (i

ov, 2011; Kuo e

ils of the form
ve the analyse
heric perturbat
elieved that th
Their source co
c gases, but th
suppose that t
re stratificatio
scenarioes of 

nov (2009) pre
rbation of tem
f atmospheric 
the modificati

radio wave pro
osphere (Rozh

he ground (Sc

n Applied Scienc

13 

ectric field mag
ric field (Sorok

spheric and ele
model of seism
ider that this i
ii) electric fiel
et al., 2011).

mer channel, w
es of experime
tions developin
e occurrence 

ould be the long
he more effectiv
the IGW gener
on favors the 
f the accompan
esented recentl

mperature and 
gravity waves

ion of ionosph
opagation in th
hnoi et al., 2

chekotov et al

ce

gnitude in the 
kin et al., 2011

ectromagnetic 
micity impact 
impact is reali
ld (see Hayak

we make a br
ental data obt
ng as ionosphe
of these irregu
g wave earth o
ve mechanism
ration should b
wave amplifi

nying processe
ly a general co
density could 

s (AGW) with
heric turbulenc
he atmosphere
2004, 2005; H
l., 2006). The

 
lower atmosph

1) 

EQ precursor
to the ionosph
ized generally

kawa et al., 20

rief descriptio
tained at the 
eric irregulariti
ularities is con

oscillations, loc
m is the growth
be considered 
cation as it p
es developing 
oncept of the 
follow presei

h periods in a r
ce (Molchanov
(Devi et al., 2

Hayakawa et a
ere are some 

Vol. 7, No. 6;

here normalize

s, it is necessa
here plasma or
y by the two m
004; Molchano

on on this cha
final stage of
ies for several 
nnected with 
cal green gas e

h of lithospheri
as a mechanis

propagates upw
in the ionosp

role of IGW i
smic hot wate
range of 6-60
v, 2009) and t
012), perturba
al., 2010) and
difficulties in

2013 

ed to 

ary to 
r LAI 
major 
ov & 

annel. 
f EQ 
days 
IGW 

effect 
c gas 

sm of 
ward. 
phere. 
n the 

er/gas 
min. 

o the 
ations 
d the 
n the 



www.ccsenet.org/mas Modern Applied Science Vol. 7, No. 6; 2013 

14 
 

interpretation of observational results of EQ precursors based on the model of IGW propagation. One of them is 
as follows. These waves are propagated angularly to the Earth’s surface, and the angle increases depending on 
wave period. So, IGW reaches the ionosphere at a distance of the order of 1000 km from the EQ epicenter, which 
seems to be in conflict with the localization of the plasma and electromagnetic disturbances in the vicinity of EQ 
epicenter. Though there have been recently published a few papers suggesting the important role of AGW 
channel in the LAI coupling (Korepanov et al., 2009; Hayakawa et al., 2011a), in which you can find a summary 
of recent findings in favor of this hypothesis. 

Below we consider the mechanism of the influence of seismic-related electric fields on the ionosphere. The 
model of LAI coupling was described in Pulinets et al. (2000), which consists of two stages which are not related 
with each other. They considered the formation of electric field in the near-ground atmosphere due to the 
appearance of metallic aerosols and ionization source. The source of ionization produces positive and negative 
ions, and then heavy ions are formed by adhesion of water molecules to the light ions. They calculated the 
altitude dependence of electric field caused by diffusion, transfer of ions and aerosols by the electric field, 
gravitational sedimentation of the heavy particles and upward moving of the light particles by the atmosphere 
convection. The interaction between ions with different signs and their adhesion to the aerosols are taken into 
account. Their calculations show that during 50 seconds after the turning on the ionization source there is formed 
an electrode layer up to 30 cm altitude. The number density of the positive and negative ions is different and the 
electric field is reduced in 1.5 times in this layer. The value of electric field grows in three times above this layer. 
As they show that this mechanism could be used to explain the electric field variation at fog occurring in the 
near-ground level. Further, those authors gave a solution of the problem on the electric field penetration into the 
ionosphere through the conducting atmosphere with exponentially upward increasing conductivity. By imposing 
the boundary condition on the horizontal distribution of vertical component of electric field on the Earth’s 
surface, they calculated the horizontal component of electric field at the altitude 90 km based on the spatial scale 
of horizontal distribution of electric field on the Earth’s surface. Obviously, the ionosphere conductivity in night 
time is less than that in day time, so that the electric field at night will be more enhanced than at day. Their 
calculation shows that even though the radius of disturbed region is 200 km and the field on the ground is 100 
V/m, the magnitude of electric field will be 0.07 mV/m. This field is likely to be much smaller than the 
background field in the ionosphere and consequently it cannot have any effect on the ionosphere. Further those 
authors conclude that if the field on the ground will be 1000 V/m, then the effect of this field on the ionosphere 
will be possible. However, such a field in the seismic region with radius 200 km is considered to be implausible. 
So the above-mentioned work cannot be a basis of LAI coupling model.  

Pulinets (2009b) has then made an attempt to explain the possible ionosphere modification due to the 
atmospheric ionization during the radon injection in the vicinity of active faults. The process of local 
modification of global electric circuit and the ionosphere variability for tectonic activity is discussed. He 
supposes that the occurrence of any additional source of ionization has a double effect on the atmosphere 
conductivity. The appearance of additional ions increases the atmosphere conductivity, while the generation of 
heavy cluster ions leads to its reduction. However, there is no estimation on the resultant value of conductivity. 
Further the author supposes that the anomaly of atmosphere conductivity leads to the variation of electric current 
in the local part of the global circuit, but no calculation of this field has been performed. One should keep in 
mind that there are theoretical investigations of the atmosphere conductivity modification during the course of 
ionization. In application to the seismic effect Sorokin et al. (2007) studied in details the processes of 
conductivity formation during the course of gamma and alpha decay based on the solution of a system of 
self-consistent nonlinear equations for electric field, atmosphere conductivity, density of ions and aerosols with 
taken into account their interaction. The well-known value of fair weather current is ~10-12 A/m2 and atmosphere 
conductivity is ~10-14 mho/m, then the field on the ground has a value of ~100 V/m. The value of ionosphere 
conductivity is ~10-6 mho/m, so that the field in the ionosphere for the current with the same density has a value 
of ~10-3 mV/m. The variation of conductivity in the near-ground atmosphere due to the ionization in two times 
results in the variation of current density of the same order in the local part of circuit. So that, this additional 
electric field is on three-four orders less than the ionospheric field and its effect on the ionosphere and equatorial 
anomaly is negligible. Therefore, the hypothesis suggested is physically not well grounded and it cannot be a 
candidate for the creation of LAI coupling mode. On this reason the suggestion by Pulinets (2009b) is in 
contradiction with results obtained by Klimenko et al. (2012), who show that observed disturbances of TEC 
occur on the assumption that DC electric field reaches (3~9) mV/m in the ionosphere. After all, they use the 
work by Pulinets (2009b) to interpret the data in spite of the contradiction with obtained results. 

A principally alternative physical idea based on the electrodynamic model of plasma and electromagnetic 
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disturbances accompanying the processes of EQ preparing was developed in Sorokin et al. (2001, 2007) and 
Sorokin and Chmyrev (2010). First, this model allowed them to explain the results of observation of quasi-static 
electric field both in the ionosphere and on the Earth’s surface in the seismic region, because other models could 
not explain the nature of such a field. In the frame of this model they found the mechanism for the enhancement 
of conducting electric current with altitude and the mechanism for limitation of electric field vertical component 
on the ground surface. The enhancement mechanism is realized by a decrease with altitude of EMF external 
current at the condition of conservation of the total current. This current is equal to the sum of conductivity and 
external currents. The external current of EMF is formed in the near ground atmosphere, as seen in Figure 5. In 
this case even at the growth in conductivity with altitude the field can reach an amplitude of 10 mV/m in the 
ionosphere. While the conductivity current is appeared by including an additional EMF in the global circuit. The 
EMF is formed during the injection of charged aerosols by soil gases in the atmosphere and their transfer in the 
convective atmosphere. The field is limited by a feedback between the external current of EMF and the electric 
field generated near Earth’s surface. Calculations show that the amplitude of disturbed electric field does not 
exceed their background value on the Earth’s surface. In one sense the above-mentioned model is similar to the 
model of AGW influence to the ionosphere, because the amplitude of AGW grows with altitude by a decrease in 
atmosphere density. By analogy, the value of conductivity current grows with altitude by a decrease of external 
current. This implies that the effects are becoming stronger in the ionosphere, but it is difficult to identify AGWs 
above the background in the near-ground atmosphere. Similarly it is difficult to select the disturbances of 
conductivity current because their amplitude on the ground does not exceed the background value which is equal 
to the fair weather current. Both of these effects have a unified source which are lithospheric gases injected into 
the atmosphere. One can suppose that both AGW and electric current can affect the ionosphere simultaneously, 
though the consequences of these effects can be different. 

According to the electrodynamic model, the growth of electric field in the ionosphere is caused by the EMF 
formation and the corresponding variation of electro-physical characteristics of lower atmosphere as a result of 
injection of soil gases, aerosols and radioactive substances during EQ preparation. In the frame of our model, the 
theory of generation of quasi-static electric field in the atmosphere–ionosphere system was developed, and the 
methods for calculation of electric field spatial distribution were elaborated. Sorokin et al. (2001, 2005a, 2006a, 
2007) and Sorokin and Chmyrev (2010) carried out the theoretical investigation of mechanisms of EMF 
formation in the lower atmosphere, who have shown that the quasi-static electric field reaches 10 mV/m in the 
ionosphere while their value is of the order of 100 V/m on the Earth’s surface. Moreover, the field can reach a 
breakdown value in the layer with thin 1-2 km on the altitudes 5-10 km in the troposphere (Sorokin et al., 2011, 
2012a, b). Value of the external current of EMF can be approximately 10-8~10-6 A/m2 near the ground. They have 
further investigated theoretically plasma and electromagnetic effects accompanying the generation of conducting 
current in the global circuit, and have shown that the appearance of EMF in the global circuit leads to the 
stimulation of a set of observed plasma and electromagnetic phenomena. An enhancement of the electric field 
might result in the instability of AGWs in the ionosphere (Sorokin et al., 1998), but the exponential growth of 
AGW amplitude by the electric field in the ionosphere is limited by vortex formation (Chmyrev & Sorokin, 
2010). As a result, the horizontal irregularities of conductivity with scale of approximately 10 km are expected to 
take place in the E layer of ionosphere. This process is accompanied by field-aligned currents and plasma 
irregularities stretched along magnetic field lines in the upper ionosphere (Sorokin et al., 1998; Sorokin et al., 
2000). Their appearance leads to ULF oscillations (Sorokin et al., 1998) and spectral broadening of VLF 
transmitter signals (Chmyrev et al., 2008) registered on satellites. The scattering of background electromagnetic 
emissions by horizontal irregularities of conductivity in the lower ionosphere results in the enhancement of 
electromagnetic ELF emissions registered on satellites (Borisov et al., 2001) and generation of gyrotropic waves 
propagated along E layer of the ionosphere. Their propagation forms line spectra of ULF oscillations (Sorokin et 
al., 2003; Sorokin & Hayakawa, 2008; Sorokin et al., 2009) and the change of resonance frequency of Schuman 
resonances (Hayakawa et al., 2005, 2011b). Moreover, the appearance of irregularities in the nighttime 
ionosphere leads to depressions of ULF pulsations of magnetosphere origin (Sorokin et al., 2004; Schekotov et 
al., 2006; Hayakawa et al., 2013). The growth of electric field up to the breakdown value is caused by random 
electric discharges, which might generate VHF radio emission in the troposphere over the EQ epicenter (Sorokin 
et al., 2011, 2012a, b). The generation of conductivity current in the global circuit is accompanied by the 
modification of ionosphere. Perturbations in the D region of the ionosphere may be generated by both the 
transfer of charged particles and electron heating (Laptukhov et al., 2009). The electrons are in the upper part of 
D layer and negative charged ions are in the bottom part of D layer which occurs by quick adhesion of electrons 
to the neutral molecules. The layer with much density of electrons is appeared in the D region by the transferring 
charged particles and changing the type of charge carrier by the electric current flowing. The enhancement of 
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observation in the ionosphere and in the atmosphere over a seismic region and on the ground. A principally 
different model is based on the assumption that the current source in the circuit connected with pre-EQ processes 
are situated not in the lithosphere or in the atmosphere, but in the near-ground atmospheric layer. The EQ 
preparation processes modify the atmosphere in this layer and form an EMF in the seismic zone. The additional 
source of electric current is generated in the global circuit at the stage of EQ preparing. The range of EMF is 
formed in the near-earth atmosphere and includes the boundary between the lithosphere and atmosphere. In this 
case the observable electric field on the surface is located inside the EMF range. Upward transfer of the charged 
aerosols by atmospheric convection and their gravitational sedimentation result in the EMF formation. Aerosols 
are injected into the atmosphere by soil gases during an increase in seismic activity. The external current of EMF 
is reduced with altitude while the current of conductivity increases with altitude, so the total current in the circuit 
is constant. The value of conductivity current near the surface can be of the order of the value of fair weather 
current, while the external current exceed the conductivity current by four–five orders. Therefore, conductivity 
current in the ionosphere is on the order of the external current of EMF near the surface. 

The above-mentioned model is similar to the model for AGW influence to the ionosphere, because the amplitude 
of AGW grows with altitude by decreases of atmosphere density. By analogy, the value of conductivity current 
increases with altitude by decreases of external current. This implies that the effects become stronger in the 
ionosphere, but it is difficult to identify any AGW above the background in the near ground atmosphere. So that, 
it is difficult to identify the disturbances of conductivity current on the ground because their amplitude does not 
exceed the background value which equals the fair weather current. Both of these effects have a unified source 
which is injected lithospheric gases in the atmosphere, since one can suppose that both AGW and electric current 
can affect the ionosphere simultaneously. Lithosphere, atmosphere and ionosphere are an integrated environment 
in which physical phenomena are related with each other. On the basis of the above-mentioned model the 
intensive processes in the lithosphere and atmosphere such as EQs, volcanoes, typhoons, thunderstorms are the 
cause of electrodynamic effect onto the ionospheric plasma. All of these processes are accompanied by numerous 
electromagnetic and plasma phenomena, which will be discussed elsewhere. 
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