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Abstract. Some years ago, a model of the generation of lo-
cal electric fields in the atmosphere a few days before earth-
quakes and up to a few days after the seismic shock was
proposed. In the model, the generation of the electric fields
occurs because of an increased ionisation intensity of the at-
mosphere in the presence of aerosols. The generation of the
electric field is the result of the fact that the larger aerosols,
which are mainly negatively charged, have a larger veloc-
ity of gravitational precipitation than the smaller, which are
mainly positively charged aerosols. The ionisation in such
atmospheric regions is caused by radon, the concentration
of which increases in earthquake preparation regions. The
formation of mosaic-likely distributed areas of electric fields
with intensities of 3× 102

− 105 Vm−1 and, on the other
hand, large areas with increased electrical conductivity cause
a series of physical effects, e.g. the occurrence of infrared
emissions with a specific spectrum, which may be studied
using earth-based, atmospheric and satellite observations. In
the present paper, the model of the generation of local elec-
tric fields is further developed, improving the description of
the force balance on the aerosols in the atmosphere. A re-
cently proposed laboratory experiment is briefly discussed,
which is carried out to prove the theoretically predicted in-
tensification of infrared emissions some hours-days before
earthquakes. Besides the experiment described, it will be op-
erated on Kamchatka in the near future to scan mosaic-likely
distributed regions of electric fields in the atmosphere during
earthquake preparation times.
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1 Introduction

Already for 150 yr, scientists are attempting to find a way
to predict earthquakes using traditional seismological meth-
ods. We believe that, in principle, the problem of the long-
term prediction of earthquakes is solved. But to predict an
earthquake some tenths of hours before the seismic shock
remains one of the most important problems of modern geo-
physics. It has to be noted that for a successful short-time
prediction it is not only necessary to perform seismologic in-
vestigations, but also multi-directional studies of the physics
of earthquakes. Additionally, a complex of various further
phenomena connected with the earthquake preparation has
to be understood (Liperovsky et al., 1992; Pulinets and Bo-
yarchuk, 2006; Molchanov and Hayakawa, 2008; Meister et
al., 2011).

Concerning the physical effects occurring before earth-
quakes in the troposphere, which are recently studied, one
has especially to emphasize the excitation of intensive varia-
tions of the quasi-constant electric field, changes of electro-
magnetic emissions and the occurrence of luminous phenom-
ena at the night-time sky.

In the present paper, former results on electromagnetic
emissions and variations of the quasi-constant electric field
before strong earthquakes are summarized (Sect. 2). Then, a
mechanism is discussed, which describes how infrared (IR)
emissions might be generated in the atmosphere before
strong earthquakes and how they might be used as earth-
quake precursors. A corresponding physical model proposed
in Liperovsky et al. (2005, 2008a) and Mikhailin et al. (2010)
is further developed and corrected (Sect. 3). It is explained
which laboratory works were initiated to prove this model.
Recently planned experiments to remotely monitor atmo-
spheric IR emissions are briefly discussed (Sect. 4).
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2 Electromagnetic emissions and quasi-constant
electric field before strong earthquakes

2.1 Luminous and infrared phenomena

The appearance of pulses of light and of other luminous phe-
nomena, and the generation of anomalous variations of the
electric field by earthquakes have been observed for thou-
sands of years before strong seismic events (Derr, 1973; Fi-
dani, 2010; Grigoriev et al., 1988; Hedervari and Noszticz-
ius, 1985; Sobolev and Demin, 1980). But luminous phe-
nomena before earthquakes occur rather seldom. Accord-
ing to historical sources, pulses of light, most often lasting
some seconds, were observed during the last 2000 yr before
earthquakes with magnitudesM > 6 in about 5 per cent of
the cases (Papadopoulos, 1999). Investigating equilibrium
thermal and IR emissions above the Middle Asian region by
satellites analysing daily, night-time, thermal images in the
wavelength interval of 10.5–11.3 µm (satellite of “Tairos” se-
ries, altitude of about 500 km), the existence of anomalies
was observed (Gorny et al., 1988). They generally occurred
in the intersections of fractures (Eshov and Uzhenko, 1983).
But, to solve the problem of earthquake prediction, it is in-
teresting to examine nonequilibrium IR emissions.

It is not easy to find out the physical mechanisms caus-
ing luminous and IR effects in the atmosphere before earth-
quakes. This problem was already discussed by Grigoriev
et al. (1988), taking into account different hypotheses. Con-
cerning the IR effects, we recently consider, for example, an
unsteady mass input of the lithospheric gas into the atmo-
sphere (see, for example, Shalimov and Gokhberg, 1998),
rising fluids which cause the emanation of warm gases (see,
for example, Gorny et al., 1998), rising well water levels and
changes in the soil moisture (Chadha et al., 2003), diffuse
CO2-emanation causing a local greenhouse effect (see, for
example, Quing et al., 1991). Further, Freund et al. (2007)
suggested that enhanced IR emissions at the Earth’s sur-
face arise from charged particles, so-called “p-hole charge
carriers” (by stress broken initially electrically inactivep-
hole pairs, e.g. peroxy links O3X/00/XO3 (X = Si4+, AL3+))
from the Earth’s crust when rocks are exposed to large
stresses before seismic shocks. P-holes can move with ve-
locities of 100–300 ms−1 and they quickly diffuse to rock
surfaces, propagate through layers between blocks of rocks
and through layers of water. The thermal anomalies occur
because of the thermalization of vibrationally excited O-O-
states. Pulinets et al. (2006) supposed that due to the en-
hanced radon emanation and the air ionisation by the radon,
the amount of centres of water vapour condensation increases
in the atmosphere. During the condensation, a large amount
of latent heat is released giving rise to thermal anomalies.

In the present work, it is also assumed that IR emissions
are caused by emanating gases like radon. But additionally
an upstreaming of air contributes to the excitation of short-
time electric field pulses. Non-equilibrium IR emissions

occur due to these electric fields. The basic concepts of
the model were already presented in detail in Liperovsky et
al. (2005, 2007a, b, 2008a, b) and are summarized in Sect. 3.

The structure of the luminous regions, described by wit-
nesses and generalised by Derr (1973), very often possesses
the form of a half-sphere with a radius of 10–100 m con-
tacting the Earth’s surface. Other forms were single light
pulses, fireballs, bands, torches or columns of light. In the
mid-sixties, documental proof of luminous effects connected
to earthquakes was obtained. In all hypotheses, it was taken
into account that the reason for the earthquake lights is an
anomalous electric field.

Variations of electric fields are connected with modifi-
cations of electrical conductivities and, thus, with changes
of the degree of ionisation. Observations of ionized re-
gions in the atmosphere are recently performed by radioloca-
tion. Atmospheric disturbances above the earthquake prepa-
ration areas found by radiolocation experiments are anal-
ysed, e.g. in the works of Voinov et al. (1992) and Slivin-
skiy et al. (2008). It is found that reflections from usual non-
thunderstorm clouds are rare in the meter region of wave-
lengths. Reflections from thunderstorm clouds are to be seen
as bright fluctuating points on displays. The week before
the Spitak earthquake and three days after the earthquake no
thunderstorms occurred, the weather was cloudy with little
rain, but on the displays of the radiolocation stations fluctu-
ating points were observed in the sectors showing at Spitak.
Thus, it might be that there existed an anomalous electric
field of seismic origin in the atmosphere before the Spitak
earthquake.

2.2 Variations of the quasi-constant electric field

Performing experimental research works concerning the
anomalies of the vertical electric field in earthquake prepa-
ration areas, it was pointed out that long-lasting anomalies of
the electric field and vertical currents occur during the first
hours – the first tenths of minutes – before seismic shocks
at distances of up to 200 km from the epicentre even when
visible sources of an atmospheric nature are missing. There,
a direct dependence of the intensity of the anomalous vari-
ations from the parameters of the earthquake does not ex-
ist (Rulenko et al., 1996). But according to our knowledge,
anomalies of the electric field and of vertical currents appear-
ing a few days before earthquakes are only investigated for
a small number of events using stationary installations in the
near-surface atmosphere.

Rulenko (2000) found that it is reasonable to divide the
observed anomalies of the electric field near the Earth’s sur-
face into two types. The first type corresponds with the de-
crease of the intensity of the electric field from values which
correspond to good or almost good weather down to a mini-
mum valueEmin, and a following growth to intensity values
which almost equal the preceding level. Therefore, some-
times the value ofEmin becomes negative. The characteristic
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time scale of such an anomaly equals 0.3–4 h. The second
type may be described as a package of oscillations with a cer-
tain number of frequencies which suddenly occur in front of
the normal or almost normal atmospheric background elec-
tric field. The characteristic time scale of this anomaly is 0.2–
4 h, and the period of oscillations is in the interval between
a few seconds and 1.5–2 h. The amplitude of the oscillations
may be many times larger than the background field.

Experiments related to the measurement and analysis of
the variations of the quasi-constant electric field are de-
scribed in the works by Mikhailov et al. (2004, 2005) and
by Smirnov (2005). Often the anomalies of the electric field
before and immediately after the seismic shock are about 1–
2 orders of magnitude larger than the background values. The
most probable value of bay-formed variations at altitudes
of some kilometres above the Earth’s surface equals 100–
300 V m−1. Their duration lasts 40–100 min. Such char-
acteristic time scales of non-stationary processes belong to
Frenkel clouds (Frenkel, 1949), which are described below.

It is well-known that the breakdown voltage in a cloud
equals 3×106 V m−1. But at an ionising air radiation, the
electric discharges occur at lower fields. Here, cosmic radi-
ation plays a role, which forms small quasi-vertical plasma
channels, the so-called “branches of the plasma tree”. Dur-
ing a short time-interval, between the branches the vertical
component of the electrical conductivity increases. Corre-
spondingly the electric field decreases, and outside of this
region the electric field, in contrast, increases. It should be
mentioned that the possibility of the occurrence of extensive
air showers with energies above 1015 eV is large. In a cloud
with a ground area of 13 km2 it is about 30 s−1 (Ermakov and
Stoshkov, 2003).

The model of the generation of quasi-homogeneous large-
scale anomalous electric fields in the near-earth atmosphere
before earthquakes was developed in the works (Pulinets
et al., 2002; Pulinets and Boyarchuk, 2004; Sorokin and
Chmyrev, 2002; Smirnov, 1992; Heinke et al., 1995; Sorokin
et al., 1998; Sorokin and Jashenko, 2000). This model takes
into account the anomalous ionisation at radon emanation
from the Earth’s core before earthquakes and the hydration
process – the attraction of water molecules, which the atmo-
sphere always contains – to the newly formed ions, the for-
mation of ligants, which shelter the charged particles from
recombination and make them quasi-stable.

Further, it should be mentioned that, according to Pulinets
and Boyarchuk (2004) and Anagnostopoulos et al. (2011),
anomalous electric fields above earthquake preparation areas
induce electron density irregularities in the ionosphere and
a subsequent increase in VLF wave activity in the magne-
tosphere. The electron cyclotron resonance with the VLF
waves may cause velocity changes in the radiation belt elec-
trons, so that these travel downwards to the Earth, contribute
there to ionisation processes, and to electromagnetic dis-
turbances in the ionospheric D-layer. As the precipitating
electrons possess a fast eastward drift, the detection of such

disturbances may be used for the study of long-distance seis-
mic shocks (Liperovskaya et al., 2011).

3 Model of the non-stationary Frenkel generator

The model of the non-stationary Frenkel generator of electric
fields proposed in Liperovsky et al. (2005; 2007a, b; 2008a,
b) is based on the degassing of the Earth’s core, the injection
of radon into the atmosphere and an upward directed atmo-
spheric wind. The vertical particle motion in the atmosphere
is strengthened by the local heating processes at the Earth’s
surface above the seismic regions, and it also grows because
of water condensation at aerosols, the concentration of which
is increased by the degassing. So, the model suggests a non-
homogeneous, anomalous ionisation of the atmosphere at al-
titudes of 10–20 km above impending seismic shocks. An
electric field with characteristic dimensions in the order of
hundreds of kilometres occurs and mosaic-likely distributed,
so-called Frenkel areas of non-stationary electric fields are
formed in the atmosphere above seismic regions. The elec-
tric fields have time scales of 30–100 min. The Frenkel areas
are the source of non-equilibrium propagatable IR emissions
in the wavelength region of 8–15 µm. They can be used in the
system of earthquake prediction. The entity of the described
processes of the model is illustrated in Fig. 1.

Thus, according to the model, it was assumed that under
the condition that the electric fields – the precursors of earth-
quakes in the near-earth atmosphere – are too small to cause
a breakthrough (occurring at 3×106 V m−1) and the excita-
tion of visible emissions (3×105 V m−1), so they might nev-
ertheless be strong enough to generate non-equilibrium IR
emissions. But, in reality, all appeared to be more difficult.
Let us consider some details of the model, and let us develop
the model further.

α-particles emitted during radioactive decays, e.g. by
radon, transfer its energy due to repeated interactions with
the atmospheric molecules, ionise the molecules and excite
them. Besides the accretion of water molecules to the molec-
ular ions proceeds. As a result, light (less than 9 water
molecules bound) and heavy ions form. Then the forma-
tion and electrification of aerosols starts. Then the increase
of their dimensions and numbers follows at sufficiently high
humidity. The model allows us to explain the appearance of
aerosols which are formed in regions of increased electrical
conductivity (Smirnov, 1980).

In this connection, the existence of an experimentally ob-
served and theoretically founded regularity (Rusanov, 1978)
is of importance, according to which small aerosols are,
above all, positively charged and the large ones possess a
negative charge.

Furthermore, the ions are divided by gravity and an elec-
tric fieldEmax∼ Vρ+/S appears.ρ+ is the volume density of
the positive charge,V designates the volume of the pancake-
formed cloud of charges andS is its cross-section. Thus, the
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maximum amplitude of the pulse of the vertical local elec-
tric field in the atmosphere is determined by the ratio of the
mean density of the positive charge to the unity area of the
projection of the cloud to the Earth’s surface. So, the forma-
tion of the mosaic-likely distribution in the atmosphere non-
stationary Frenkel areas of the electric field proceeds, where
in the upper part of the cloud a positive charge occurs, and in
the lower part a negative one is forming.

Thus, according to the model, the total electric fieldEtot
in a Frenkel area is the sum of the main background electric
field Eo (≈ 130 V m−1) and the additional fieldE caused by
the charge separation in the clouds (i.e. by a Frenkel genera-
tor).

3.1 Extended model considering the aerosol
acceleration

Using the model of the plain capacitor, the dynamics of
the electric fieldE may be described by the equation
(Liperovsky et al., 2005)

∂E

∂t
=

1

εo

V−Q−N−
a −

λo

εo

n

no

E. (1)

In Eq. (1), the first term on the right side takes the downward
motion of the large, negatively charged aerosols into account
and the second term considers the decrease of the electric
field by the compensating electric current.V−, N−

a andQ−

are the velocity, number density and the charge of the large
negatively charged aerosols of radiusR and mass densityρa.
λo andno designate the electrical conductivity and the ion
density of the background plasma (i.e. without aerosols) at
ionisation rateqo

i . n is the ion density in the system with
additional ionisation (e.g. by radon) at a larger ionisation rate
qi . εo is dielectric susceptibility of the vacuum.
Combining Eq. (1) with the balance of gravity, viscose and
electric forces on the large aerosols,

4

3
πR3ρag−6πRηV− −Q−E = 0. (2)

the maximum amplitude of the electric field may be esti-
mated by

EM =
A

B +C
, A=

2R2ρagQ−N−
a

9η
(3)

B = λo

n

no

, C =
(Q−)2N−

a

6πηR
.

g ≈ 10 ms−2 is the gravity acceleration,ρa – the mass density
of the large aerosols – andη the viscosity of the air. The den-
sity of the positively or negatively charged background ions
no is almost equal to

√
qo
i /α. In case of the model condition

(see Liperovsky et al., 2005)

αn � β(N+
a +N−

a ), (4)

n may be estimated by

n = qi/(βN+
a ). (5)

α is the ion-ion recombination coefficient,β the recombi-
nation coefficient taking the interaction between ions and
aerosols into account andN+

a designates the number density
of the small positively charged aerosols. Thus,

B = λo

√
αqi√

qo
i βN+

a
, (6)

or, taking Eq. (4) into account, one has

B <B∗
=

λoqi√
qo
i αn

. (7)

Substituting the relation (7) into Eq. (3), one finds a min-
imum value ofEM , which is independent of the recom-
bination coefficientβ. Using the typical atmospheric pa-
rameters (Liperovsky et al., 2005)qo

i = 107 m−3 s−1 and
qi = (108

− 1010) m−3 s−1, and choosing for the aerosols
the parametersN−

a = 109 m−3, Q−
= 2000e, (e – elec-

tron charge),α = 10−13 m3 s−1, andρa = 2.5×103 kg m−3,
one obtainsA = 10−10 A m−2, B∗

= (2×10−13
−2×10−11)

AV−1 m−1, andC = 3×10−13 AV−1 m−1. Then, the min-
imum value ofEM has to be larger than (200–300) Vm−1

at qi = 108 m−3 s−1, and larger than only 5 Vm−1 at qi =

1010 m−3 s−1. The last, largerqi-values correspond to radon
influences considered also in Pulinets and Boyarchuk (2004)
and Pulinets et al. (2006).

In the article by Liperovsky et al. (2005), estimating the
maximum electric field,C was neglected, asN−

a � N+
a

(because of the quasi-neutrality of the air), andB was
taken for qi = 108 m−3 s−1. The other plasma parame-
ters wereN+

a = 1010 m−3, β = 2× 10−12 m3 s−1. Then,
B = 5× 10−15 AV−1 m−1 and EM = 2× 104 Vm−1. But,
at maximumqi of 1010 m−3 s−1, B may reach values of
5×10−13 AV−1 m−1. Moreover, estimating additionallyC,
one finds for the parameters used in Liperovsky et al. (2005)
C = 3 × 10−13 AV−1 m−1. Under such conditions, one
would observe only electric fields of about 300 Vm−1. C

strongly depends on the aerosol density and charge. Re-
ducing both parameters by a factor of two,C would equal
3.75× 10−14 AV−1 m−1, and one would already observe
600 Vm−1. A further increase ofEM will occur at some-
what larger aerosol radii. On the other hand, the recom-
bination coefficientβ also strongly depends on the type of
aerosols, for water aerosols H3O+(H2O)5, it is of the order of
β = 10−11 m3 s−1 (Pulinets and Boyarchuk, 2004), and val-
ues smaller by one order will be obtained forB. Altogether,
estimating the electric fields excited by Frenkel generators
in the lower atmosphere,C cannot be neglected in Eq. (3).
Besides, to develop the theory further, there should be more
careful observations made of atmospheric aerosol parame-
ters. Further, it is assumed that the electric fields excited by
the Frenkel generator in the atmosphere are on the order of
103

−105 Vm−1.
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Fig. 1. Sequence of processes resulting in the generation of infrared emissions in the atmosphere before earthquakes.

3.2 Generation of infrared emissions

It is suggested that in a certain moment of time, at a given al-
titude, an electric fieldE is generated in a Frenkel area. Be-
cause of this field, an electric current appears, which causes
a decrease in the field and the charge separation. The electric
current may be presented as a sum of five components,

j tot = j li +jmi +je+jai+jhi, (8)

wherej li is the current of the light ions,jmi – of the molec-
ular ions,je – electrons,jai – ions of average dimension,
andjhi - heavy ions. The problem, which current mainly
contributes to the total electric currentj tot, is considered in
many books and articles. A detailed analysis is presented in
Smirnov (1992). It is shown that the current of light ions has
the maximum value. Its vertical component reads

jli = eµliEnli . (9)

Herenli is the density of the light ions, andµli – their mo-
bility. Experimental values ofµli for positive ions are in the

interval of 0.05− 5 cm2 V−1 s−1. In case of negative ions,
we have to do with 1.3–1.4 times larger mobilities (Pulinets
and Boyarchuk, 2004). In the following estimates, it is taken
µli =1.3 cm2 V−1 s−1.

The mobility of the light ions grows with the height above
the Earth’s surface due to the decrease of the density of the
neutral molecules and the increase of the mean free path of
the particles. As a result, the electric current also grows,
which causes a decrease of the charge separation. But the ve-
locity of the downward propagating large aerosols also grows
with the altitude due to the lowering of the density of the
neutral molecules and, consequently, the viscosity decreases.
The contributions of these processes, in general, compensate
one another. Therefore, as a result, the electric field in the lo-
cal Frenkel area may be as strong as the field near the Earth’s
surface (Liperovsky et al., 2008a).

The electric fields generated by charge separation in the
atmosphere accelerate the charged particles. For instance,
the electrons having a mean free path of aboutlfree≈ 0.5×

10−6 m gain a kinetic energy of
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1W = lfreeeE. (10)

If 1W is larger than the excitation energyhν = hc/λ of the
atoms and molecules of the atmosphere, the accelerated elec-
trons may excite these particles (c is the speed of light,h the
Planck constant). The particles absorb photons with wave-
lengths

λ ≥
hc

1W
. (11)

For electric fields of 5×104 Vm−1, the wavelengths satisfy
the relationλ ≥ 3.6 µm. Thus, in case of electric fields of
104

− 105 Vm−1, the electron energy may be sufficient for
the excitation and further emission of quanta of energy in
the IR region, which corresponds to the vibrational spectral
bands of the molecules N2O, CH4, CO, CO2, O3 and NO2 of
the atmosphere at wavelengths of 7–15 µm.

In case of electrons in the atmosphere at the Earth’s surface
andE = 105 Vm−1, one has1W = 0.05 eV. At altitudes of
10 km, the additional energy of the electrons1W is about
0.5 eV. After a few successive elastic collisions in the elec-
tric field E, the electron may gain a rather large amount
of energy. The maximum value of the energy may amount
to 1001W ≈ 5 eV. On average, after a trajectory of about
2500 mean free paths, the electron clings to a molecular oxy-
gen molecule. It has to be mentioned that the electron at-
tachment only occurs during the collision of three particles.
Consequently, at altitudes of 10–15 km, where the mean free
path is about ten times larger than at the Earth’s surface and
three-particle collisions seldom occur, an electron may have
a total trajectory which is two orders longer and gains some
tenths of eV.

Further, it is known that at altitudes of about 10 km, during
the heating of light ions in the electric field, one may also
obtain – in the tail of the ion velocity-distribution functions –
an essential part of particles with energies of the order of 0.1–
0.2 eV. This energy is also sufficient for the excitation and
further emission of photons with wavelengths of 7–15 µm.

It has to be underlined that the main part of the energy of
the earthquake precursors, according to the proposed mech-
anism, comes from the atmosphere. The intensification of
the earthquake precursor signal is caused by the atmospheric
energy.

Next, the accelerated formation of water aerosols before
earthquakes also causing IR emissions has to be mentioned.
For example, under the action of ionizing radiation (e.g.
by radon) and by charge transfer, in the atmosphere occur
molecular oxygen ions O+2 . But because of the oxygen affin-
ity to electrons, during time scales of 10−7 s (Pulinets and
Boyarchuk, 2004), negative ions O−

2 are obtained. On the
other hand, also positively charged ions like NO+

2 appear in
the air. Both negative (O−2 ) and positive (NO+2 ) ions attract
water molecules (having a noticeable dipole moment) and
quickly form light ions. The average time of life of the built
water complexes has a comparatively long duration and lasts

about tenths-hundreds of minutes (Smirnov, 1992). Of im-
portance is that the binding energy of the water molecules
to the initial ion is on the order of 0.5 eV. This energy may
be transformed either into the energy of the thermal motion
of the atmospheric particles or into the energy of IR photons
emitted during the binding process. Most likely, the emission
possesses a continuous spectrum (and no line-spectrum). It
will be added to the emission spectrum caused by the elec-
tric field (described above), which consists of single spectral
lines. Thus, by the water binding energy as well, an increase
of the signal of the earthquake precursor may occur. The en-
ergy of the IR signal again originates from the atmosphere
and causes an increase in the main precursor effect above the
earthquake preparation region.

Here, it has yet to be mentioned that the IR emissions oc-
curring at altitudes of 10–15 km may be observed by satel-
lites, while IR emissions from the near-earth layers are prac-
tically absorbed by the atmosphere.

4 Recent experiments to prove the non-stationary
Frenkel generator model

4.1 SRINP laboratory works

Recently, at the Scientific Research Institute of Nuclear
Physics (SRINP) of the Moscow Lomonossow State Univer-
sity, the investigation of atmospheric sources of IR emissions
predicted by the model of the non-stationary Frenkel gener-
ator (Sect. 2) is performed experimentally. IR spectra ex-
pected to be intensified before seismic shocks because of the
action of electric fields of 2×102

−106 Vm−1 during earth-
quake preparation times are studied. In other words, changes
of the intensity of atmospheric IR spectra in the air above
seismo-active regions are analysed under laboratory condi-
tions.

During the laboratory experiments, IR emission spectra
in a broad band of wavelengths predicted by the theoreti-
cal model are considered. Products of plasma-chemical reac-
tions are studied, above all nitrogen and oxygen compounds.
We attempt to analyse the form changes of the absorption
and emission spectra due to the vibrational energy levels of
atmospheric molecules. Into the discharge chamber, differ-
ent amounts of material containing oxygen, hydrogen and
carbon compounds are put into a constant electric field with
an intensity of up to 105 Vm−1. As result of the performed
research, the spectral intervals of the IR emissions at weak
changes of the compounding of the atmosphere are deter-
mined.

To perform the experiment, a facility for the registration of
the absorption and emission spectra in the wavelength inter-
val between 0.3 µm and 16 µm is established. The experiment
may be performed at pressures between 0.1 atm and 1.0 atm.
The insertion of the various gases, aerosols and fluids into the
working chamber and into the absorption cell are controlled.
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In the working chamber and in the absorption cell, which are
filled with atmospheric air and one of the materials O2, N2,
CO2, O3, CH4, N2O, NO2, CO, H2O, a discharge is initi-
ated. An optical spectrometer BRUKER IFS 66 V/8 is used
to study both emission and absorption spectra.

Based on the results of the laboratory experiments, we
plan to construct a simple special IR spectrometer which will
observe the IR emissions in seismo-active regions on Kam-
chatka and in Tadzhikistan.

4.2 Proposed scanning of Frenkel areas

The verification of the proposed infrared hypothesis has to
be performed by laboratory experiments as well as by Earth-
based and satellite observations. This is, for instance, pos-
sible on Kamchatka. We also planned to develop equipment
for the analysis of spectra in the IR region processing data
of spheric scanning of the atmosphere on Kamchatka, and to
perform the first observations (Liperovsky et al., 2009).

Obviously, one has to observe the Frenkel areas which,
according to the hypothesis, are situated at altitudes of 10–
15 km, where the mean free path of the molecules is approx-
imately one order of magnitude larger than at the Earth’s sur-
face, and where the proposed heating mechanism of elec-
trons, with energies of more than 0.45 eV and of light ions in
the tail of their distribution function, works effectively in the
electric field.

By scanning, the determination of the coordinates and the
estimation of the dimensions of the Frenkel areas are possi-
ble. Based on the maximum brightness of the images and
the numbers of these areas, it seems possible to estimate the
magnitude of an imminent earthquake.

To identify earthquake precursors during regular observa-
tions of the IR emissions of the night-time atmosphere in
seismoactive regions, we propose to scan the atmosphere up
to altitudes of 10–15 km. As the intensities of the registered
signals will be small, we foresee the observation of the spec-
tra and the intensity of the emissions with the help of two ap-
paratuses working in the regime of data acquisition. Taking
former earthquake observations into account, linear cloudy
structures were observed at altitudes of 6–10 km, and suggest
the searching for earthquake precursors in the form of cloudy
curtain type structures with thicknesses much smaller than
the horizontal dimensions, which are situated at altitudes up
to 10–15 km. The special form of the cloudy structure will be
determined by the local upward air flows. The structures may
be caused by the intensive emanation of radon along fracture
regions and the additional transport by horizontal winds.

In Table 1, the absorption spectra of atmospheric gases in
the IR region between 0.7 µm and 20 µm are shown, which
are of interest for the discussed earthquake prediction prob-
lem.

Homeopolar molecules (O2, N2) possess absorption spec-
tra only in the short-wavelength ultraviolet part of the spec-
trum. They do not absorb in the whole visible and the

Table 1. Spectra of atmospheric gases in the IR region, which are
of interest for earthquake prediction. The bold face numbers are of
maximum importance for the present experiment.

gaseous wavelength (µm) comment
component of centre of main
of the air absorption band

methan CH4 4.3,7.7, transitions between
vibrational levels

nitrous oxide 4.6,7.8, 9.6 overtone bands,
N2O frequencies of the atomic

motions in the molecule

carbon 4.7
monoxide CO

carbon 4.3, 4.8, 5.2, many fine structure lines
dioxide CO2 9.4,10.4–15.0 near the 15 µm-band,

many vibrational-
rotational bands

ozone O3 4.8, 5.8, 9.1, 9.6, overtones, vibrational
14.1 frequencies of the

atoms of the molecule

nitrogen 13.3
dioxide NO2

short-wavelength IR regions of the spectrum. The corre-
sponding emission spectra of the homeopolar molecules are
also broadband. Predominantly, they consist of single spec-
tral lines.

Also atomic hydrogen H, radon Rn, and helium He do not
have absorption bands in the 7–20 µm region of interest for
earthquake prediction.

Further, the concentration of the water vapour in the at-
mosphere may change considerably. Thus, variations of the
emission in the 7.1 µm band by water seem not to be so im-
portant for the solution of the earthquake prediction problem.

Thus, altogether, the infrared emission spectra of the re-
gions of strong electric field in the Frenkel system must
be distorted and broadened in comparison with the absorp-
tion spectra. Of course, one may expect a difference in
the “portrait of the IR-spectrum” in the proposed intervals
for different seismo-active regions – analogous to the differ-
ences of the seismo-ionospheric phenomena in different ar-
eas. Besides, identification problems might occur regarding
the spectral lines because of the influences of small intermix-
tures.

Observing Frenkel areas at altitudes between 5 km and
15 km, apparently the main effect is expected in the spec-
tral interval of IR transparency at 7–9 µm and 10.3–15.0 µm,
as at 9.6 µm a strong absorption band occurs in the spectrum.
Under cloudy conditions, the atmosphere is transparent only
in the 7–8 µm region.
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5 Discussion of the results and conclusions

Before earthquakes, the formation of mosaic-likely dis-
tributed regions of increased ionisation, strong quasi-
stationary electric fields, and IR-emissions in the atmosphere
above seismo-active regions where fracturing occurs is pos-
sible. In the present work, it is shown that the variations of
the electric fields by both the viscous forces of the air and the
acceleration of the aerosols in the electric field, may be of the
same order. Taking into account the upward air flows in the
theoretical model, one should find areas of IR-emissions at
altitudes up to 15 km.

The preparation of the distant monitoring of the theoreti-
cally predicted IR emissions in the transparency regions with
wavelengths of 7–9 µm and 10.3–15 µm began. Scanning ob-
servations of IR-emissions will be performed from two dif-
ferent points having a distance of 10–40 km from one an-
other. One expects the occurrence or intensification of IR
emissions within the spectral bands of CO, CO2, NO2, CH4
and O3 in the mosaic-likely distributed emitting areas in the
atmosphere above earthquake preparation regions.

The Frenkel area observation described in the present
work is a ground-based one. Of course, as electric fields in
the D-layer may be observed by satellites, the observation of
the Frenkel areas should also be possible by satellites – anal-
ogously to the observation of D-layer disturbances by radi-
ation belt electron precipitation before seismic shocks (see,
for example, Anagnostopoulos et al., 2011; Ouzounov et al.,
2008). To distinguish the effect of the Frenkel areas from
that of radiation belt electrons, other atmospheric parameters
have to be registered at the same time like the Dst-index and
VLF waves causing the precipitation.
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