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The paper is focused on a brief review of reports about anomalous perturbations in the atmospheric electric and 
electromagnetic fields registered before earthquakes. The possible response of these parameters to corresponding 
lithosphere earthquake and volcano events involves complicated relations between various phenomena which comprise the 
regions from the upper layer of the solid earth to ionosphere and top of the atmosphere. Recently the observations in the 
ionosphere bring important information in this respect. However, they can not replace ground-based measurements which 
have still the basic value. Atmospheric electricity stations in seismic areas might bring important contribution in this respect. 
Broader international co-operation is needed. Taking into account great importance of such studies, any input in this respect 
is very advisable. There is still a lack of continuously working atmospheric electricity stations in seismic regions, especially in 
the regions where the good or fair weather conditions would dominate during a year. Seismic regions of Turkey are adequate 
for such observations. 
  

Introduction 
The Global Seismic Hazard Assessment Program 

(GSHAP) was launched in 1992 by the International 
Lithosphere Program with the support of the International 
Council of Scientific Unions and terminated in 1999. The 
hazard, expressing Peak Ground Acceleration expected 
at 10% probability of occurrence in 50 years, is obtained 
by combining the results of 16 independent regional and 
national projects which covered among others whole 
Mediterranean region with Turkey, Iran and Carpathian 
area included. The results have been collected in [1] 
and presented on GSHAP Web site [2]. The risky area in 
Turkey consists of two belts dispersed from eastern 
boundary of the country to the west and south. On the 
western part of Turkey dangerous area surrounds 
practically whole coast of the Mediterranean Sea (Fig. 
1).  

This estimation has been confirmed by hitherto 
observed strong earthquakes (Fig 2). 

 
As such natural disasters cause tremendous fatalities 

in human life and heavily economic losses a prediction 
of them would be very desirable especially in countries 
localized at regions of the high seismic hazard level as 
Turkey. No proven method is currently available for short-
term (hours to weeks) and intermediate-term (1 month to 
10 years) prediction of earthquakes as defined time 
scale of events by Sykes et al [4]. The possibility of 
earthquake prediction is still very difficult to be achieved 
due to a great complexity of the problems involved in 
this task. Till nowadays the knowledge of the physical 
processes before and during earthquakes is incomplete 

 
Fig.1. Seismic hazard map presenting stiff site conditions for 
occurrence rate of 10% within 50 years for the Mediterranean 
region. Dark colors: the most dangerous areas 
(www.seismo.ethz.ch/GSHP). 

Geographical longitude 
 
Fig.2. Map of Turkey with epicenters of the largest earthquakes 
with the magnitudes M ≥ 7.0 (black filled circles) and M =6.0 ÷ 
6.9 (empty circles), which occurred in the time interval 1913-
1970 [3]. 
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which is in conjunction with difficulties in making detailed 
measurements of various parameters of the crustal 
mantle medium, their deformation, stress accumulation 
and release phenomena. Some characteristic features 
of earthquakes point to deterministic behavior of the 
processes, some others are taken to be evident for the 
classical chaotic behavior of seismicity [5]. However, 
there are authors who argued that chaotic behavior 
does not preclude the probabilistic forecasting of these 
events [4]. 

Numerous attempts have been undertaken to 
identify and study possible precursors of earthquakes 
and as well as volcano eruptions which occur in much 
smaller length scale. As “precursors” one can mean 
some anomalous phenomena which occur before 
earthquakes. The main problem with using them as the 
source of successful predictors is that they are detected 
sporadically. Other important difficulty in collecting data 
is usually the lack of instruments, observatories and 
qualified observers very close to the epicenters of large 
earthquakes. However, up to now collected data, 
programs of complex geophysical registrations carried 
out and prepared in different countries, efforts of many 
groups of investigators which develop multi-disciplinary 
interactions within various sub-disciplines of geophysics 
allow us to expect the progress in understanding of the 
phenomena associated with earthquakes. We hope 
they will give a possibility of the short-term prediction 
such danger events. 

To the local precursory phenomena one can include 
followings: increase or decrease in seismic activity in the 
area of strong future earthquake [5-6]; precursory tilt or 
displacements of the ground surface; electric or 
electromagnetic signals from the Earth’s crust; changes 
in characteristic features of the soil as e.g. soil humidity 
[7] and temperature of the ground surface [8-10]; 
chemical emissions from the underground [11-14]; 
atmospheric electric and  electromagnetic field 
changes; optical [15-17] and acoustic [18] emissions 
near the ground; changes in animal behavior. The paper 
is focused mainly in a brief review of reports about 
perturbations in the atmospheric electric and 
electromagnetic fields registered before and during 
earthquakes. 

Atmospheric electric field coupling to the 
ionosphere 

The lower level atmospheric electric field (AEF) is 
coupled with the ionosphere by the global electric 
current circuit (GECC), the idea based on the classic 
paradigm of Wilson [19]. General properties of this circuit 
were discussed in [20-25]. A simplified outline of 
meridional section of the GECC is presented in Fig. 3. 
According to the Ohm’s law the vertical electric current 
density is jz = σ Ez, where σ is the air conductivity 
determined by ionizing radiation factors. The ionosphere-
Earth vertical current density jz of 1 ÷ 4 pA m-2 is driven by 
the ionosphere-Earth potential difference ϕi of about 250 
kV acting across the vertical column resistance  RT + RS at 
each location, where  

dzzR
H

L
ST ∫ −= 1

, )(σ  

is integrated from the altitude of lower boundary L to 
upper boundary H of the troposphere (T) or stratosphere 
(S), z is altitude. Usually RS is small compared to RT, but 
sometimes, after volcanic eruption they could become 
comparable. At any altitude jz =ϕI/(RT+RS). Measurements 
support the theoretical expectation that the total 
upward source current I1 is equal to the integral of jz over 
the globe.  

 
 The tropical thunderstorms are thought to generate 
on average an upward charging current I1 averaging 
about 1000-1500 A. It is estimated that about 1500-2000 
thunderstorms occur around the globe at any time. This 
current is responsible for maintaining the ionosphere - 
Earth potential difference. The ionosphere-Earth return 
current can be divided in the low-latitude branch I2 and 
the high-latitude branch I3 [25]. Both, the ionosphere and 
Earth surfaces are highly conducting with respect to the 
lower atmosphere and can be considered as almost 
equipotential except the polar cap regions where 
ionosphere potential is strongly affected by intensive 
magnetosphere plasma convection produced by solar 
wind and geomagnetic field interaction. Two most 
important parameters of the GECC are enumerated in 
Table 1. On the higher altitudes  σ  much grows due to 
the ionization of the air provoked by facilitated 
penetration of cosmic rays and the ultraviolet (UV) 
radiation of the Sun. 

The near-ground atmospheric electric field is 
extremely sensitive to meteorological parameters. For 
the studies of the lithospheric effects on variations of Ez 

the measurements can be taken into account only 
during so called “fair weather conditions”, i.e. conditions 
with the lack of rain and wind storms, fog and low level 
clouds, when the local wind velocity is less than 6 m/sec, 
the sight distance is bigger than 4 km, upper clouds do 
not cover more than 0.3 part of the sky. Usually, during 
the fair weather the mean AEF strength Ez near the 
ground level is directed down and equals 100-250 V/m, 
which value depends on the geographic latitude and 
orography of the observation place. 

 
 
Fig.3. Meridional section of the global electric circuit 
accordingly to [25]; ϕi – potential difference between 
ionosphere and Earth, ε - the source of I1 - current produced by 
low-latitude thunderstorms, I2, I3 – vertical currents from highly 
conducting ionosphere to highly conducting earth, RS, RT – 
vertical column resistances in stratosphere and troposphere. 
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TABLE 1 

The Fair Weather Atmosphere: Electric Parameters at 
Different Altitudes 

Altitude 
(km) ~ 50-80 ~ 18 0.01 Land 

surface 
Refe-
rences 

electric field 
Ez (V/m) ~ 10-2 ~ 1 ~ (1÷2)⋅102 - [26] 

conductivity 
σ (Ω-1 m-1) ~ 10-6÷10-7 ~ 10-11 ~10-13÷10-14 5 × 10-2 [26,27] 

 
The atmosphere, ionosphere and magnetosphere 

coupling generate a complex pattern of electric field 
which can be modeled mathematically only in cases of 
very simple assumptions. The quasi-electrostatic 
approach is based on the assumption that the 
penetration of AEF E = − ∇ϕ  from the near ground level 
atmosphere to ionosphere can be described by the 
second order differential equation obtained from the 
Maxwell equations ignoring induction effects (∂B/∂t = 0): 
∇(σlm∇ϕ) = 0 and Ohm’s law  j = σ ⋅ (E + v × B), where j is 
the electric current density, v is the velocity of the gas or 
plasma, B is the magnetic field of the Earth modulated 
by solar wind, ϕ is scalar potential, σlm is the conductivity 
tensor. These equations ought to be supplemented by 
the hydrodynamic and thermodynamic equations of the 
plasma which is coupled with electric forces or by system 
of equations describing kinetic processes in atmosphere 
that govern ion densities and the electric field, as 
diffusion and mobility of all particles, their drift, 
recombination, interaction between particles, rate of ion 
production [24, 27-28].  

Ground-based electric field precursors 
History of the observation of atmospheric electric field 

associated with earthquakes is long. As may be, the first 
who published observations of electric and magnetic 
perturbations before such events made by different 
observers at Imperial Meteorological Observatory in 
Tokyo over a year was Milne [29]. He found that in 9 of 10 
cases of the strong earthquakes at distances of about 
100 km from the point of observation, there were 
anomalous variations of AEF. According to [30] 
reductions of AEF were observed at the distance not 
more than 150 km from epicentres of earthquakes 
several hours before the events at Kyrgyzstan in 1924, 
Chatkal in 1949, Dushanbe and Obi-Garm in 1949. During 
the events the maximal amplitude of electric field 
strength, Ez, reached about 1000 V/m and the field 
changed the sign. Bonchkovskiy [31] also noted such 
range of amplitudes before strong earthquakes. Kondo 
[32] observed decreases of the Ez before Japan 
earthquakes. Similar effects in AEF were observed in 
seismic region in Kamchatka Peninsula [33].  

Several earthquakes with magnitudes M ≥ 7 occurred 
in the Carpathians in the period from 1960s to 1990s. 
During only one (August 30, 1986, 21h28m UT) at the AEF 
ground level station at Swider (geographical 
coordinates 52.10 N, 21.250 E), Poland, situated at the 
distance of about 700 km from the epicentre, the fair 
weather and quiet geomagnetic field conditions were 
observed. As it was reported in [34] before the 

earthquake, during the time period 2h - 8h UT on August 
30 the big anomaly in the AEF was observed. The 
amplitude of changes reached 1000 V/m (- 250 V/m ÷ + 
750 V/m). 

Numerous cases of the negative anomalies of the Ez 
component have been reported during the period 1977-
1996 in China [35]. This anomalies were observed usually 
at night in the fair weather conditions and were 
appearing even several times during the period 2 ÷ 30 
days before the earthquake if the events had the 
magnitude of M ≥ 3.5 and the epicentres were not 
carried away more than 550 km. Their amplitudes were 
reached even 1000 V/m and the time duration from 
several hours to more than ten hours.  

From all observed anomalies in AEF records 
characterised by occurring of the negative values of Ez 
on not rainy days at the magnetic station Paratunka in 
Kamchatka during the period 1997-2002 only the 36% 
were connected with later following earthquakes [36]. 
Other cases had no any relation to seismic activity. 

There are relations in literature about weak lighting in 
volcano clouds. It is a convincing proof of changes in 
electric potential in the atmospheric area above the 
volcano but the released energy is even three orders less 
than the estimated energy in lighting discharges in 
thunderstorms [37]. Clear abnormal variations in vertical 
AEF was observed about 3 days prior to Mt. Mihara 
volcanic eruption on October 4, 1990, and these 
variations dominated about a month following the event 
[38]. 

We should emphasize that above mentioned and 
many others reported experimental cases referred to 
pre-effects of earthquakes and volcano eruptions 
measured at different atmospheric electric stations are 
not uniform. Physical features of definite earthquakes are 
different; data have been registered in various 
atmospheric conditions, elaborated with different 
methods and interpreted by various investigators. The 
most of the AEF measurements have been episodic and 
the recordings were often not complemented with 
meteorological background data. Thus, up to now there 
are no scientifically described detailed rules which let to 
determine what kind of the amplitude and phase 
changes in the AEF strength would be a sure precursor of 
a strong earthquake or eruption.  

Some explanation of the distant reaction of AEF onto 
changes of conditions in crust before earthquake would 
be based on conception of “preparation zone” [39] or 
“precursory activation zone” [40] of the earthquake 
which size determined by the formula R=100.43 M, where 
R is radius, M is the earthquake magnitude.  

Radon emanations 
Direct reason of AEF rapid change could be the 

radon enhanced emanation from the crust. Radon 
(222Rn) is well known as one of the main ionisation 
sources of the near-ground atmosphere. As the resistivity 
of the air is controlled by the background level of 
radiation, a higher concentration of radon leads to an 
increase of the lower atmosphere conductivity [41], and 
formation of the negative space charge, which affects 
on AEF. Exhalation of radon increases the current 
between the Earth and ionosphere which effect could 
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be observed as at ground level as in ionosphere [13, 42]. 
Nine days before the Kobe tragic earthquake on 
January 17, 1995, radon concentration reached the 
peak of more than 10 times that it was observed in 
stable conditions characterised by the radon radiation 
level of 20 Bq per litre at those area [14].  

Electromagnetic emissions related to 
earthquakes 

Electromagnetic emissions (EM) contain the waves 
from a wide range frequencies beginning at a few 
hundreds of Hertz (ULF) through VLF up to HF range 
(several mega-Hertz). Many papers in literature are 
dedicated to this topic, we shall only relate about 
several results associated with earthquakes. EM can be 
emitted either on the ground level or generated in the 
ionosphere. Many observations of EM in the ionosphere 
were made from satellites. The extensive reviews of both 
can be found in [43, 44] together with the reviews of 
theories which try to explain these phenomena. 

We should cite here only several experimental 
examples of Gokhberg et al [45] related the growing of 
the intensity of EM at frequencies of 27 kHz and 1.63 MHz 
received half an hour before the Iranian earthquake 
with M=7.4 on September 16, 1978, at the station located 
in Caucasus, 1200 km from the epicenter. The epicenter 
was located in central Iran at the distance of 1200 km 
from ionospheric observatory. They reported also about 
another event when approximately one-half hour before 
the main shock of the earthquake with M = 7 occurred in 
Kyoto prefecture on March 31, 1980, at the Sugadaira 
Space Radiowave Observatory, Japan, the anomalous 
amplitude of signal was registered at frequency 81 kHz. 
The distance between the observatory and epicenter 
was about 250 km. 

There is some analogy between EM observations 
before volcano eruptions and before earthquakes, e.g. 
before eruption of Mt. Mihara in November 1986 the 
impulsive EM noise was observed [46] as well as several 
days ahead of another eruption on October 4, 1990, 
enhanced variations in the ULF and VLF bands were 
registered [47]. 

Generally the mechanisms proposed by different 
authors to explain causes of precursory effects, reflect 
complicated relationships between different 
geophysical parameters that comprises regions from the 
lithosphere to the top of the atmosphere. These 
relationships would be considered as seismo-ionospheric 
coupling [44, 48, 49]. 

Recently, GPS permanent network have provided a 
very good chance to study these seismo-ionospheric 
effects. GPS executes regular monitoring of the 
ionosphere in global scale measuring the total electron 
content (TEC) which is sensitive to changes in critical 
frequency foF2 and could be useful for identifying 
ionospheric precursors of earthquakes [44].  Analysis of 
GPS data have shown anomaly with positive sign in TEC, 
i.e. enhancement of about 20-25% relative to normal 
state, before Baltic Sea earthquake on 21 September 
2004 [50].  

Attempts of elucidation of seismo-ionosphere 
effects 

In theoretical modelling there are two principal 
approaches: one uses atmospheric gravity waves and 
the second one considers the AEF changes. In this paper 
we have only noticed a possible role of AEF. It is based 
on the assumptions that the variable physicochemical 
conditions in the earth’s crust before earthquakes due to 
rapid strain, rock dilatation or compression, rock 
dislocation and ground displacement, changeable 
water permeability through ground layers, water flows 
and disturbed thermal equilibrium could cause changes 
in the electric resistivity of the ground and could 
generate electric fields and electric potential anomalies 
in near earth’s surface ground layer which would 
influence onto global AEF.  

Conclusions 
The problem of the forecast of earthquakes on time-

scale of few hours or few days demands subsequent 
studies and establishment of network of complex 
geophysical observatories equipped with AEF 
apparatuses in seismic active regions, as e.g. organised 
at Mexico complex observatories [51], using GPS data, 
ionospheric stations data and co-operating apparatuses 
on micro-satellites. Broader international co-operation is 
needed. 
Acknowledgments 
One of the authors (Z.K.) acknowledges the Bogazici University, 
Kandilli Observatory and Earthquake Research Institute, Istanbul, 
Turkey, for the financial support which has enabled to participate at 
the Annual Meeting of the Balkan, Black Sea and Caspian Sea 
Regional Network on Space Weather Studies in Manavgat, Antalya, 
where the paper was presented.  

REFERENCES 
[1] Annali di Geofisica, GSHAP Special Volume, 1999. 
[2] www.seismo.ethz.ch/GSHP.  
[3] E. Alsan, L. Tezucan, M. Bath, “An Earthquake Catalogue for 

Turkey for the Interval 1913-1970, Report No. 7-75”, Kandilli 
Observ., Seismological Dept., Cengelkoy-Istanbul, Turkey and 
Seismological Institute of Uppsala, Sweden, 1975, 166 p. 

[4] L.R.Sykes, B.E.Shaw, C.H.Scholz, “Rethinking Earthquake 
Prediction. Pure Appl. Geophys., 1999, vol.155, pp. 207-233. 

[5] D.L.Turcotte, “Earthquake Prediction”, Ann. Rev. Earth Planet. 
Sci. 1991, vol.19, pp. 263-281. 

[6] H.Kanamori, “Earthquake Prediction: An Overview”, in: 
International Handbook of Earthquake and Engineering 
Seismology, Eds. W.H.K.Lee, H. Kanamori, P.C. Jennings, C. 
Kisslinger, Academic Press, Amsterdam, 2003, pp.1205-1216. 

[7] R.Sigusaki, H.Anno, H.Ui, “Geochemical Features of Gases and 
Rocks along Active Faults”, Geochem. J., 1996, vol.143, 
pp.102-112.  

[8] L.Wang, Ch.Zhu, “Anomalous Variations of Ground Temperature 
before the Tangsan and Haiheng Earthquakes’, J. Seism. Res., 
1984, vol.7 (6), pp. 649-656 (in Chinese). 

[9] Z.J.Qiang, C.G.Dian, L.Z.Li, “Satellite Thermal Infrared 
Precursors of Two Moderate-Strong Earthquakes in Japan And 
Impending Earthquake Prediction”, in: Atmospheric and 
Ionospheric Electromagnetic Phenomena Associated with 
Earthquakes, Ed. M.Hayakawa, Terrapub, Tokyo, 1999, pp.747-
750. 

[10] A.A.Tronin,, M.Hayakawa, O.A.Molchanov, “Thermal IR 
Satellite Data Application for Earthquake Research in Japan and 
China”, J. Geodynam., 2002, vol. 33, pp. 519-534. 

[11] V.A.Alekseev, N.G.Alekseeva, J.Ichankuliev, “On the Relation 
between Fluxes of Metals in Waters and Radon in Turkmenistan 
Region of Seismic Activity”, Radiation Measurements, 1995, 
vol.25, pp. 637-640. 



Sun and Geosphere, 2007; 2(1): 43-47                                                                                                                                     ISSN 1819-0839 

 

 47

[12] V.N. Shuleikin, A.M.Polikarpov, “The Correlation of Terrestrial 
Global Micro-Oscillations with Local Hydrogeological and 
Atmospheric Processes”, in: Physical Principles of the Seismic 
Method, Nontraditional Geophysics, PH “Nauka”, Moscow, 1991, 
pp.178-190. 

[13] C.J.King, “Gas Geochemistry Applied to Earthquake Prediction: 
an Overview”, J. Geophys. Res., 1986, vol.91, pp. 12269-12281. 

[14] G.Igarashi, S.Saeki, Y.Sano, “Ground-water Radon Anomaly 
before the Kobe Earthquake in Japan”, Science, 1995, vol. 269, 
pp.60-61. 

[15] Y.Yashui, “A Summary Studies on Luminous Phenomena 
Accompanied with Earthquakes”, Mem. Kakioka Magn. Obs., 
1973, vol.15, pp.127-135. 

[16] W.R.Corliss, “Lighting, Auroras, Nocturnal Lights, and Related 
Luminous Phenomena”. A Catalog of Geophysical Anomalies. 
The Sourcebook Project, Glen Arm, 1982, pp. 110-115. 

[17] J.S.Derr, M.A.Persinger, “Luminous Phenomena and 
Earthquakes in Southern Washington”, Experimenta, 1986, 
vol.42, pp. 991-999.  

[18] A.V.Gorbatikov et al., “Acoustic Emission Possibly Related to 
Earthquakes, Observed at Matsushiro, Japan and its 
Implications”, in: Seismo-Electromagnetics: Lithosphere – 
Atmosphere - Ionosphere Coupling, Eds. M.Hayakawa, 
O.A.Molchanov, Terrapub, Tokyo, 2002, pp.1-10. 

[19] C.T.R.Wilson, “Investigation on Lighting Discharges and on the 
Electric Field of Thunderstorms, Philos. Trans. Roy. Soc. 
London, 1920, Ser. A, vol. 221, pp. 73-115. 

[20] H.Isräel, “Atmospheric Electricity”, vols. I and II, Israel 
Program for Scientific Translation, Jerusalem, 1973. 

[21] R.Markson, “Tropical Convection, Ionospheric Potentials and 
Global Circuit Variations”, Nature, 1978, vol.320, pp. 588-594. 

[22] R.G.Roble, I.Tzur, “The Global Atmospheric Electrical Circuit”, 
in: The Earth’s Electrical Environment, Eds. E.D.Kinder, 
R.G.Roble, National Acad. Press, Washington, 1986, pp.206-
231. 

[23] S.Michnowski, “Solar Wind Influences on Atmospheric 
Electricity Variables in Polar Regions”, J. Geophys. Res., 1998, 
vol.103, D12, pp. 13939-13948. 

[24] E.A.Bering, A.A.Few,  J.R.Benbrook, “The Global Electric 
Circuit”, Physics Today, 1998, vol.51, pp. 24-30. 

[25] B.A.Tinsley, “Influence of Solar Wind on The Global Electric 
Circuit, and Inferred Effects on Cloud Microphysics, 
Temperature, and Dynamics in the Troposphere”, Space Sci. 
Rev., 2000, vol.94, pp. 231-258. 

[26] M.J.Rycroft, S.Israelsson, C.Price, “The Global Atmospheric 
Electric Circuit, Solar Activity and Climate Change”, J. Atmos. 
Terr. Phys., 2000, vol.62, pp.1563-1576. 

[27] H.Volland, “Quasi-electrostatic Fields within the Atmosphere”, 
in: CRC Handbook of Atmospherics, Ed. H.Volland, CRC Press, 
Boca Raton, FL, 1982, pp. 65-109. 

[28] S.A.Pulinets et al., “Quasielectrostatic Model of Atmosphere-
Thermosphere-Ionosphere Coupling”, Adv. Space Res. 2000, 
vol.26(8), pp. 1209-1218. 

[29] J. Milne, “Earthquakes in Connection with Electric and 
Magnetic Phenomena”, Trans. Seismol. Soc. Jap., 1890, vol.15, 
pp. 135-162. 

[30] E.A.Chernyavskii, “Atmospheric Electrical Earthquake 
Precursors”, in: Meteorology and Hydrology in Uzbekistan, AN 
UzSSR, Tashkent, 1955, pp. 317-327 (in Russian). 

[31] V.Bonchkovskiy, “Variation of the Gradient of Atmospheric 
Electric Potential as a Possible Earthquake Precursor”, Works of 
Geophysical Institute of AN SSSR, 1954, vol.25, pp. 192-206 (in 
Russian). 

[32] G.Kondo, “The Variation of the Atmospheric Field at the Time 
of Earthquake, Kakioka Magn. Observ. Mem., 1968, vol.13, 
No.1, pp. 11-23. 

[33] E.F.Vershinin et al., “Correlation of the Seismic Activity with 
Electromagnetic Emissions and Vartiations in Kamchatka 
Region”, in: Atmospheric and Ionospheric Electromagnetic 
Phenomena Associated with Earthquakes, Ed. M.Hayakawa. 
Terra Scientific Publ. Comp., Tokyo, 1999, pp. 513-517. 

[34] N.N.Nikiforova, S.Michnowski, “Atmospheric Electric Field 
Anomalies Analysis during Great Carpathian Earthquakes at 
Polish Observatory Swider”, IUGG XXI General Assembly, Book 
of Abstracts, Boulder, CO, VA11D-16, 1995. 

[35] H.Jian-Guo, T.Tian-Ming, I.De-Rui, “A Kind of Information on 
Short-Term and Imminent Earthquake Precursors – Research On 
Atmospheric Electric Field Anomalies before Earthquakes”, 
Acta Seism. Sinica, 1998, vol. 11(1), pp.121-131. 

[36] S.E.Smirnov, “Anomalies of Behavior of Electric Field Strength 
before Earthquakes Accordingly to Registration at Magnetic 
Station Paratunka from the Period 1997-2002, 5th Russian Conf. 
on Atmospheric Electricity, Vladimir, Russia, Book of Papers, 
2003, vol. 2, pp. 75-76 (in Russian). 

[37] M.Brook, C.B.Moore, V.Sigurgeirsson, “Lighting in Volcano 
Clouds”, J. Geophys. Res., 1974, vol.79, pp.472-480. 

[38] Y.Fujinawa, T.Kumagai, K.Takahashi, “A Study of Anomalous 
Underground Electric Field Variations Associated with a 
Volcanic Eruption”, Geophys. Res. Lett., 1992, vol.19, pp.9-12. 

[39] I.R.Dobrovolsky, S.I.Zubkov, V.I.Myachkin, “Estimation of the 
Size of Earthquake Preparation Zones”, Pure & Appl. Geophys., 
1979, vol.117, pp.1025-104. 

[40] D.D.Bowman et al., “An Observation Test of the Critical 
Earthquake Concept’, J. Geophys. Res., 1998, vol.103, pp. 
24359-24372. 

[41] A.Oster, “Remark on the Problem of Radioactive Accumulation 
of Ground Surface”, Proc. 3rd Int. Conf. on Atmospheric 
Electricity, Montreux, Switzerland, 1963, pp.121-122. 

[42] V.M.Sorokin, A.K.Yaschenko, “Electric Field Disturbance in the 
Earth-Ionosphere Layer”, Adv. Space Res., 2000, vol.26(8), pp. 
1219-1223. 

[43] M.Parrot, “Electromagnetic Noise due to Earthquakes”, in: 
Handbook of Atmospheric Electrodynamics, Ed. H.Volland, 
vol.II, CRC Press, Boca Raton, 1995, pp. 95-116. 

[44] S.A.Pulinets, K.Boyarchuk, “Ionospheric Precursors of 
Earthquakes”, Springer Verlag, 2004. 

[45] M.B.Gokhberg et al., “Experimental Measurements of 
Electromagnetic Emissions Possibly Related to Earthquakes”, 
Japan. J. Geophys. Res., 1982, vol. 87, pp.7824-7828. 

[46] T.Yoshino, I.Tomizawa, “Observation of low Frequency Electro-
Magnetic Emissions as Precursors to the Volcanic Eruption at 
Mt. Mihara during November 1986”, Phys. Earth Planet. Inter., 
1989, vol. 57, pp. 32-38. 

[47] Y.Fujinawa, T.Kumagai, K.Takahashi, “A Study of Anomalous 
Underground Electric Field Variations Associated with a 
Volcanic Eruption”, Geophys. Res. Lett., 1992, vol.19, pp. 9-12. 

[48] M.B.Gokhberg, V.A.Morgunov, O.A.Pokhotelov, “Earthquake 
Prediction, Seismo-Electromagnetic Phenomena”, Gordon and 
Breach Science Publishers, Amsterdam, 1995. 

[49] “Seismo-Electromagnetics: Lithosphere-Atmosphere-Ionosphere 
Coup-ling”, Eds. M.Hayakawa, O.A. Molchanov, Terrapub, 
Tokyo, 2002. 

[50] A.Krankowski, I.E.Zakharenkova, I.I.Shagimuratov, “Response 
of the Ionosphere to the Baltic Sea Earthquake of 21 September 
2004”, Acta Geoph., 2006, vol.54, pp. 90-101. 

[51] S.A.Pulinets, A.L.Contreras, V.Kostoglodov, H.P. de Tejada, 
J.Urrutia-Fucugauchi, “Prevention Project: a Complex 
Geophysical Observatory in Mexico as a Test Facility for 
Lithosphere-Atmosphere-Ionosphere Coupling Models”, Phys. 
Chem. Earth, 2004, vol. 29 (4-9), pp. 657-662. 

 


