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Abstract. We present a general concept of mechanisms ofmonitored for electrical, magnetic, acoustic, seismic, and
preseismic phenomena in the atmosphere and ionospherthermal precursors simultaneously and continually.... Un-
After short review of observational results we conclude: 1.less we launch a concentrated interdisciplinary effort, we
Upward migration of fluid substrate matter (bubble) can leadshall always be surprised by next major earthquake” (Ben-
to ousting of the hot water/gas near the ground surface an@enahem, 1995). Basing on observation results from spe-
cause an earthquake (EQ) itself in the strength-weakenedial station Karimshino (Kamchatka, Russia) and some re-
area; 2. Thus, time and place of the bubble appearance couldted data we believe that non-seismic events are helpful to
be random values, but EQ, geochemistry anomaly and forework out the strategy (scientific basis) for earthquake (EQ)
shocks (seismic, SA and ULF electromagnetic ones) are caforecast but also these events are indicative for understand-
sually connected; 3. Atmospheric perturbation of tempera-ing of mechanisms of preseismic processes (stage of EQ
ture and density could follow preseismic hot water/gas re-preparation) and origin of EQ itself. In addition a problem
lease resulting in generation of atmospheric gravity wavef lithosphere-atmosphere-ionosphere coupling due to seis-
(AGW) with periods in a range of 6-60min; 4. Seismo- micity (LAICS) is well-discussed at present as a result of
induced AGW could lead to modification of the ionospheric application of radiophysics and satellite recording methods.
turbulence and to the change of over-horizon radio-waveThere are a lot of published evidences of non-seismic phe-
propagation in the atmosphere, perturbation of LF waves imomena around date and in the epicenter’s vicinity of large
the lower ionosphere and ULF emission depression at thé=Qs from on the ground observations (see e.g. books by Rik-
ground. itake, 1976; Scholz ,1990; Gokhberg et al., 1995; Hayakawa
and Molchanov, 2002; and reviews e.g. by Parrot et al., 1993;
Park, 1996; Liperovsky et al., 2000). We are going to re-
view shortly only phenomena connected with appearance of
the atmospheric and ionospheric perturbations and justified

Let us start from citation of the merited seismologist: “Seis- PY Statistics.  For example, an appearance of electromag-

mology has reached a stage where its lofty goals cannof€tic Ultra-Low Frequency (hereafter ULF, frequency range
be pursued by seismologists alone.... A major interdis-0-003-3 Hz) emission is well-documented (Fraser-Smith et

ciplinary effort is needed to develop a prediction scheme@ 1990; Molchanov et al.,1992; Kopytenko et al., 1993;
based on multi-premonitory phenomena: it means that near?y€da et al., 2002) and results on Seismo-Acoustic emis-

field of future focal zone must be first identified, and then Sion (Diakonov et al., 1990; Gorbatikov et al., 2002) look
also as rather promising , but both ULF emission and high-
Correspondence tdO. Molchanov frequency seismic emission from the underground can not
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1 Introduction
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Fig. 1. Dependence of amplitude and phase anomaly on earthquake magnitude during 2001-2002 for the period from 10 days before to 10
days after the earthquake time. Top of the float bar is the number of days in the interval of M (N). Bottom of the float bar is the number of
days in the same interval with data exceedin{Ni). Solid line is Ni/N, and dotted line is the average of Ni/N+gadopted from Rozhnoi

et al., 2004).

produce essential impact in the upper atmosphere and ionales, lightning-induced ionization, ionosphere modification
sphere. From the other hand, results of vertical ionospheriby HF transmitters and, of course, atmospheric nuclear tests.
sounding from the ground (Liperovsky et al., 2000) and of The first suggestion to use this method in association with
HF signal scattering in the atmosphere (e.g. Kushida et al.seismic activity was made by Russian scientists about 10
1998, Fukumoto et al., 2002) are obviously related to ouryears ago (Gokhberg et al., 1989, Gufeld et al., 1992). Then,
problem but they are not proofed by reliable statistics yet.Japanese and Russian colleagues accumulated more data on
In other words, we intend to present more or less convinc-anomalies in subionospheric propagation probably associ-
ing results to reveal mechanism of LAICS and discuss thesated with earthquakes. They analyzed deviations from night-
mechanisms. time monthly averages of signal phase and claimed that the
phase differences increased over a period from about one-
month to a few days before earthquakes. However, these re-
sults were not very convincing and justified by statistics.
Reliable VLF subionospheric signal effect related to the
seismic activity was first reported by Hayakawa et al. (1996)
in association with the great Kobe earthquake. They used
so-called terminator time (TT) method of the data process-
ing. Molchanov and Hayakawa (1998) have analyzed the
VLF signal method is a well-known radio-physical method data around 10 other strong earthquakes (magnitud@)vi
monitoring phase and amplitude of radio signals from navi-in order to understand the main features of such an effect, and
gational transmitters propagating inside the earth-ionospheréhe following characteristics are emerged from their analysis:
waveguide. If a transmitter frequency and receiver distancea) This effect is initiated a few days before a large earthquake
are fixed, then the observed VLF signal parameters dependnd relaxed for a few days or weeks after it; b) It is mainly
mainly upon the reflection height determined by magni- related to crustal earthquakes; c) It cannot be observed out-
tude and gradients of electron density near the atmosphereside the sensitivity zone of VLF transmitter (first Fresnel
ionosphere boundary. Therefore, the VLF signal method hagone) even for very large earthquakesxF¥); d) It appears
become the standard for recording short-time electron denwhen the resonant atmospheric oscillations with a period in
sity variations in the lower ionosphere and upper atmosphereange 5-11 days exist before an earthquake. They have stated
connected with the solar radiation (e.g. Roentgen flares), coghat seismic influence on the VLF signal is explained by the
mic rays (Forbush effect), precipitation of energetic parti- generation of long-term gravity waves during an earthquake

2 Review of observational results to be explained
We review five effects:

2.1 Seismo-induced modification of the VLF and LF
subionospheric signals
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Fig. 2. Index of seismic activityks (below) and water flow rate  Fig. 3. Running correlation between seismic shock sequence and
variation in spring (s1) and well (w2) in Kamchatka area (adoptedwater flow rate variation in spring (s1) and in the inter¥&#0 days
from Biagi et al., 2003). during 22 years in Kamchatka region (from Biagi et al., 2003).

process and their intensification at the heights of 70-90 kmduake with M=5:4 occurred at the border between Molise

In the latest papers it have been found a correlation of VLFand Puglia regions (southern ltaly) and, finally, in the pe-

phase/amplitude night-time oscillations in a range of periodgi0d 3—6 November intense gas exhalations happened near
from 20 min to several hours with seismic activity (Miaki et the Eolie islands (southern Tyrrhenian sea). The decreases
al., 2002; Shvets et al., 2002). of CLT radio-signal demonstrate a clear relation to the pre-
ious activities with some premonitory behavior. Biagi et
I. (2004) have supposed that changes in the troposphere-
ground boundary zone and in the lower non-ionized atmo-
more thorough consideration of the problem including theSphere were the main candidates to justify the phenor_neno_l-
TT method has been presented by Soloviev et al. (2004). ogy they _observed. These rgsults can be also explained in
terms of induced atmospheric gravity waves (AGW). The

Recent results in Kamchatka on this subject are rather sim- . .
. . . ) same conclusion have been drawn from recent observation
ilar to those obtained in Japan (Rozhnoi et al., 2004). LF

. . X of high-frequency scattering in the atmosphere associated
transmitter located in Japan (F=40 kHz) was used; its wave . .
path length is about 2300 km. During the two year moni-%wth earthquakes. Kushida (1998), Fukumoto et al. (2002)

toring in the area of wave path sensitivity, 565 earthquake using FM over-horizon signal reception (7678 MHz) have

Jound intensification of the signals and fluctuations of the
with M >4 and 32 strong shocks with %b:5 have been reg- .
. Lo B . : k 1-7 fi E . Fuk
istered. Some statistics is shown in Fig. 1. It is evident thatbac ground days before EQs in Japan. Fukumoto et

T ) . . L al. (2002) have demonstrated that this scattering occurs in
VLF variations exceed twice dispersioro(Preliability level ( ) g

only for strong earthquakes (¥5.5). the troposphere.

Let us discuss now the results on seismo-induced per2.2 Geo-chemistry and water table variations
turbations of LF signals. Biagi et al. (2001) and Biagi et
al. (2004) discovered attenuation of the LF signals at the disNumerous reports on hydrology and gas release in associa-
tances 300-500 km several days before EQs together wittion with large earthquakes have been made during last 10—
similar wave depression related to volcano eruption and sea20 years (King, 1986; Roeloffs, 1988; Voitov and Yunusov,
bottom gas release in Italy. The electric field of three LF 1996; Ghose et al., 1996; Wakita, 1996). One of the longest
broadcasting stations CLT (F=189 kHz, Sicily, Italy), MCO series of such observation was performed at Kamchatka area.
(F=216 kHz, France) and CZE (F=270kHz, Czech Repub-As a result, it was possible to produce helpful statistics (Bi-
lic) has been monitored since 1997 at a receiving station iragi et al., 2000, 2003). Here we show some results from
central Italy. During September—November 2002, they ob-paper by Biagi et al. (2003). Variation of the water flow rate
served significant decreases in the signal of the CLT broadis demonstrated in Fig. 2.
casting station. No effect appeared on the MCO and CZE Itis evident from Fig. 2 that data from the spring are more
radio signals, which wave paths did not cross the Sicily re-sensitive to seismicity than data in the well. This is probably
gion. On 6 September an earthquake with M=5:6 occurredconnected with difference between a “pin-point” measure-
offshore, about 40 km far from Palermo city (Sicily), start- ment in a well and the integrated large area registration in
ing an intense seismic crisis for more than one month. Orthe spring, which has multi-root supply.
27 October the Etna volcano (Sicily) started an eruption that A correlation between the water flow rate akid is shown
in January 2003 was still active. On 31 October an earth4in Fig. 3 (see for details Biagi et al., 2003). Here the

Simple theoretical estimations of the electron density per—V
turbations connected with this effect have been produce
(Hayakawa et al., 1996, Rodger and Cliverd, 1999) and
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1 satellites (2—4 satellites on orbit) provides whole globe sur-
1 vey at least every 6 h or more frequently. Such sensors may

4 closely monitor seismic prone regions and provide informa-
— 0.4 . . . .
tion about the changes in surface temperature associated with
1] an impending earthquake.
Q,s1 A /\ Natural phenomena and data availability stimulated the
oo analysis of the long time series of thermal images in relation

Ks

o 40 . .
to earthquake hazard. Thermal observations from satellites
] \\ indicate the significant change of the Earth’s surface temper-
7_01air,w2 2 ature and near-surface atmosphere layers. A lot of thermal
a4 anomalies prior to earthquakes related to high seismic ar-
1 \\J\A eas have been reported in Middle Asia, Iran, China, Turkey,
N A 0 Japan, Kamchatka, India, Turkey, Italy, Greece and Spain.

| | o Case studies of thermal satellite data application were sta-
Fig. 4. Air temperatureT,;, and water flow rate in spring@, s1  tistically proofed on long series of observations at Middle
variation around date of large earthquake EQ 96 (1 January 1996ASia by Tronin (1999) and Mediterranean area by Tramutoli
M=6.9, h=10km). Major time ticks here are 20 days and minor €t al. (2001). Tronin et al. (2004) has shown the presence of
ticks are 10 days, time of EQ is shown Ky spike (from Troninet ~ seismic thermal anomalies in Kamchatka peninsula also.
al., 2004). Results of thermal satellite data application for different
areas lead to conclusions: 1) thermal anomalies appear about
o ) 6—24 days before and continue about a week after earth-
correlation intervak-30 days is used. It can be noted that g ake: 2) the anomalies are sensitive to crust earthquakes
areliable correlation with seismicity appears not only for the \yith a magnitude more than 4.5; 3) the size of anomaly is
intervals after EQs but at least in several perio.ds (19_80—1981”300 km in length and-90 km in width; 4) thermal anomaly
1991-1993, 1995-1998 years) some correlation exists for thgas a4 mosaic internal structure with average element size
iptervals before EQs (usually several days before, but somespqut 46¢130 km; 5) the amplitude of an anomaly is about
times up to 30 days). _ _ _ 3-6°C; 6) thermal anomalies are attracted to large faults; 7)
As for the problem of connection between seismo-inducedine nature of thermal anomalies is not clear now; 8) the re-
gas-water phenomena and atmosphere-ionosphere envirogponse of water in wells and surface temperature in thermal
ment, we demonstrate in Fig. 4 the comparison of the air-qnomaly on earthquake look similar; 9) increase of air and
temperature and water flow rate for the recent strongest EQ rface temperature as a consequence of the hot water erup-
shock in Kamchatka (see for details and other cases, Troniggn in a few days before strong earthquakes could induce
et al., 2004). It shows an increase of the air temperature "htmospheric perturbations (Tronin et al., 2004).
the registration area, which is evidently connected with hot  ~5se studies of various remote sensing methods applica-
water release from the spring. We can conclude the follow-ong for earthquake have been reported recently. Pinty et
Ing- al. (2003) have found significant surface moisture growth af-
. . . .. ter the Gudjarat earthquake, 26 January 2001, using of MISR
1. Seismo-induced water-gas release does exist and it i, jiometer onboard of Terra satellite. Dey and Singh (2003)
espemally ewdent. after I.nteg.rated recordings in theinform about evaporation change related to the same earth-
springs, and from time to time in the wells. quake. Also we can mention numerous attempts to use cloud

2. A connection between seismo-associated water tablg€tection for earthquake research (Morozova, 1996).

and geochemistry events and the air temperature (prob- . . .
ably also pressure) near the Earth surface can be seen.z'4 Modification of ionospheric turbulence
3. Thus, a model of sporadic in space and twinkling in time Several reviews have been already published on satellite ob-
source of atmosphere perturbations can be supposed iervations of electromagnetic and ionospheric perturbations

the interval-20-30 days around time of large EQs. apparently associated with seismic activity (Parrot et al.,

1993; Gokhberg et al., 1995; Hayakawa, 1997; Liperovsky

2.3 Ground surface thermal variation observed from satel€t al., 2000). It is not easy to interpret satellite observations.
lites If the association is real, the seismic events under considera-

tion are associated with long time duration physical phenom-

The modern operational space-borne sensors in the infra-reena. Publications of case studies were useful for triggering
(IR) spectrum makes possible monitoring of the Earth’s ther-the attention to the phenomenon, but they are controversial
mal field with a spatial resolution of 0.5-5km and with a as there is generally no way to reject the hypotheses of pure
temperature resolution of 0.12-0G Surveys are repeated coincidences. This was the case of perturbations observed

every 12 h for the polar orbit satellites, and 30 min for geo- in ULF/ELF/VLF electromagnetic fields, plasma density and

stationary satellites. The operational system of polar orbition composition, fluxes of energetic particles (see review in
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Molchanov et al., 2002). Now, a basic problem with the 20

derivation of statistical quantities from a moving satellite is =
the difficulty to respect hypotheses on stationarity and ergod-=, 16 +
icity and to separate time and space variations. Y
The only way to test the hypothesis of a correlation be- § 12 +
tween satellite measurement and seismic activity is proba- 8
bly to multiply the low satellite observations and to use a E
well defined protocol to make statistical analysis. This has . 4 |
led the participants of Japanese project “Frontier-NASDA" &
to re-analyse Intercosmos-19, Intercosmos-24 and Aureol-38 0 : : : : :
data (Afonin et al., 1999; Molchanov et al., 2002). This re- “ Sp or Su or Mo or Day Night ALL
search was continued in a frame of Russian-Japanese ISTC Au Wi Ev

project 1121 devoted to organization complex observation at _
Karimshino observatory (Molchanov et al., 2004a) and as 6Flg. 5. Seasonal and local time dependence of the averaged elec-

result of preparation to French satellite project DEMETER ¢ field power of the burst events. Shadowed bins represent the
bursts with major seismic activities and white bins are for the burst
(Hobara et al., 2004).

without seismic activity. It is data of Aureol-3 satellite at altitudes
In t.he paper by Molchanov etal. (2004a) based on Plasm%OOJOO km in the magnetic latitude intervafl5° (adopted from
density data from the Cosmos-900 satellite the spatial diStopara et al., 2004).

tribution of the ionospheric turbulence in a fortm” have
been analyzed, wheteis wave number and is the fractal
index. In this case spatial scalésk 1) are ranging from 15  on nonseismic orbits and have discovered reliable depression
to 300 km at the satellite height=450-500 km. Depending of ionospheric turbulence in a range of scales 40—400 km in
on season, local time and seismic activity, the indearies  connection with seismic activity. With the same type of anal-
in the interval 1.3-1.9. Then the slope of the spatial dis-ysis Hobara et al. (2004) have revealed a clear tendency for
tribution for electric field turbulence observed on board theincrease of the turbulence average intensity for scales 27—
Intercosmos-24 satellitdi£500—700 km/ scales of several 1300 m on about 3—4 dB during the periods of seismic activ-
meters) has been considered. Supposing a simple connectigy. Their statistics is shown in Fig. 5. It means that there is
between the power spectrum density of the plasma and th@n evident short-term modification of the ionospheric turbu-
electric field it is foundb~1.2—-1.7. They have found that |ence due to earthquake influence the ionosphere.
intensification of the turbulence near the magnetic equator is
definitely connected with the presence of the equatorial den2.5 Depression of ULF noise from the magnetosphere and
sity anomaly (EA) but the existence of the regular moderate ionosphere
level aside of EA and at the mid-latitude ionosphere invokes
a possibility of another energy source, probably atmospheridviolchanov et al. (2003, 2004b) present the results of ULF
gravity waves. Hobara et al. (2004) using the power spectrunmagnetic field observation at Karimshino station (Kam-
distribution (PSD) data on electron density and electric fieldchatka, Russia) during 13 months of regular observation.
variations observed on board of Aureol-3 satellite at middleDuring this period about 20 rather intensive and nearby seis-
ionosphere analyze a scale distribution of the ionospheric turmic shocks happened, and it was possible to produce both
bulence At first, the high-resolution data in the near-equatorcase study and statistics. The spectra of ULF intensity for
region for several orbits have been processed. In this case theach magnetic field component (H, D, Z) in the 7 frequency
frequency range is from 6 Hz to 300 Hz (corresponding spa-bands: F=0.003-0.01 Hz (channel 1), F=0.01-0.03 Hz (chan-
tial scales from 27 m to 1.3 km), each power spectrum obeynel2), F=0.03-0.1Hz (channel 3), F=0.1-0.3Hz (channel
a single power low fairly well, and the mean spectral indices4), F=0.3-1.0 Hz (channel 5), F=1.0-3.0 Hz (channel 6) and
are rather stable withy=2.2+-0.3,b=1.8+£0.2 for the den- F=3.0-5.0Hz (channel 7) was analyzed for the beginning
sity and electric field, respectively. Then they produce a staand conventional correlation witki p index of global mag-
tistical study of electric field bursts in the frequency range netic activity and evident daily variation were found. But no
10-300 Hz from low-time resolution data (filter bank enve- clear signature of correlation witk's (i.e. seismicity) has
lope). These bursts concentrate aside of Equatorial Anomalypeen discovered with such a type of analysis. Then they
depletion (geomagnetic latitude 30-24@nd their fractal in-  used the method of polarization ratio and some correlation
dices vary in the intervabp=2.0-2.5. We conclude that the with K's became evident at least for the frequency channels 2
ionospheric turbulence is a unique process in a large interand 3. Demonstration of such a correlation for the strongest
val of scales from hundreds km to several meters and the bseismic events (in terms s value) is shown in Fig. 6.
dependence is similar to the classic Kolmogorov’s turbulenceEach case covers a time intervall4 days around the EQ
b=5/3. date and the presentation is centered to the corresponding
As for relation to seismicity, Molchanov et al. (2004a) di- date. For simplicity, only the channel 2 (F=0.01-0.03 Hz) is
vide their data on seismic orbits={ days around date and presented here. It is obvious that nighttime value& p&;
+1500 km near epicenter of large earthquakes:@1and  show increase at about 2—7 days time period before EQ date.
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Fig. 6. Changes of ULF magnetic field impedance ratfy ) in the interval£14 days around date of 5 strongest seismic shocks during
period of observation at Karimshino station (see text, from Molchanov et al., 2003).

Molchanov et al. raise an important question, whether the efAlfv én waves from magnetosphere due to turbulent increase
fectis due to increase af component, or it is due to decrease of effective Pedersen conductivity in the ionosphere, and
of G component, or both? The behavior Bfcomponentis  the second is a change of wave numberdistribution of
characterized by essential seasonal variation, sometimes it source ionospheric turbulence. One of the mechanisms or
exposed to small man-made perturbations, but it shows ndoth could be responsible for observed 2—-3 times suppres-
correlation with seismicity. The comparison of the behavior sion of ULF magnetic field noise at the ground.
of Z/G and ¥ G has shown that the effect of suppression of  They conclude that assumption on modification of iono-
ULF intensity about 2-6 days before rather strong and iso-spheric turbulence is rather useful for explanation of these
lated seismic shocks (magnitude M=4.6-6.6) is observed inresults of ULF observation on the ground.
deed. It is revealed for nighttime and horizontal component
of ULF field (G) in the frequency range 0.01-0.1 Hz.
They prove the reliability of the effect by computed corre- 3 Mechanism of LAICS
lation betweenG (or 1/G) and seismic indexeK s for the
rather long period of observation from June 2000 to April- Several types of lithosphere processes can influence the iono-
May 2002. sphere including the gas-water diffusion, the volcano erup-
As for interpretation, two models were discussed and com+ions and the seismicity. Here we will mainly discuss pro-
puted: the first is decrease of penetration coefficient ofcesses related to seismicity. It is the reason why we refer to
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Meaning of resonant ray anglgr and maximum radiation angle power flux just above the source (height of the upper source bound-

ym are explained by dashed lines. All the ray valy€s, y) are  ary H,=100m) in dependence on horizontal distance from pro-

multiplied x3= cos® yr for convenience of presentation (from Ma- jection of the source center and for different relative frequencies

reev et al., 2002). x=wlwg, Wherewg is Brant-Vaisala frequency. Dash line is for

ko L=1 (L~12.5km) and solid line fokg L=2 (L~25km) (from
Molchanov, 2004a).

Lithosphere-Atmosphere-lonosphere Coupling due to Seis-

micity (LAICS). Atmosphere is included in the coupling ei-

ther as a passive or as an active intermediate element. where is vertical power flux just above the near-surface

was recognized that the direct penetration from the groundayer of the turbulent variationsp is atmospheric den-

of electromagnetic fields (Molchanov et al., 1995) and quasi-sity, Cs is sound velocity, H, is thickness of the layer

steady electric fields (Pierce, 1976), which may be observedinda?, ~<8T2/T2+5p2/p?> is intensity of turbulent vari-

in seismically-active regions, could not be very effective. Onation of temperature7{) and density in each “spot” of

the other hand, while penetrations of acoustic waves fromthe correlated variations, number of,, F(x) is normal-

seismic pulse have been registered (e.g. Blanc and Jacolized frequency distribution;=w/wp is normalized frequency

son, 1989), their duration has been found to be too short foand wp=2r/rp is characteristic Brant-Vaisala frequency

the excitation of the events observed. Indeed, if one want§zz~6 min). Referring to observational data N@-5, ~1—

to explain all the observations, it is probably more promis-2° (Tronin et al., 2004) and?,~10-°.

ing to look for indirect relationships linked to lithosphere- b) There is space-frequency discrimination of the AGW

ionosphere coupling than to focus on electromagnetic oOfenergy in the atmosphere because focusing depends on fre-

acoustic wave propagation. At present there is general Conquency as it is shown in Fig. 7. Main impact in the

sensus that only the Atmospheric Gravity Waves (AGW) canatmosphere-ionosphere boundary is expected for the fre-

be responsible for the indirect coupling. This possibility was quency ranger=0.1-0.9 (wave periods,~7—60 min) and

analyzed in many papers (Nekrasov et al., 1995; Gokhbergorizontal distances100—-1000 km above the source center

et al., 1995; Liperovsky et al., 2000). Important details of as shown in Fig. 8.

the process including transportation time of AGW energy, ) Supposing neutral wind in the ionosphere with veloc-

focusing and transformation to ionospheric plasma densityity 1, ~100 m/s the slow convective eigenmode oscillations

electric field turbulence were discussed in the recent paperg charged particle density n and electric field are possible

(Mareev et al., 2002; Molchanov, 2004). Shortly, the basics(,~kV,;, where ion drift velocityV,;; <V, for altitudes range

of the mechanism follows: between 90 and 150 km). Pumping of these oscillations by
a) Sporadic water/gas eruptions during EQ preparayegular large-scale AGW turbulence (scale4000 km) cre-

tion process produce near-surface temperature and denges the ionospheric turbulence of the Kolmogorov's type.

sity/velocity variations, which are the source of AGW energy However, during seismic activity a modification of iono-

flux into the atmosphere: spheric turbulence is possible due to generation of related
" to seismicity AGW with horizontal scales 10-50km. The
on(a))N(pCst(x)HZ/Z) Zafn interaction of the AGW with the ionospheric turbulence is

~ especially efficient if matching condition (equality of AGW
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Fig. 9. Scheme of fluid saturated open pore network (“bubble”), G, PP e o®

which can move upward by Archimedean force with excess of stress _

Ao ~AppgR in the upper part of the network and the same deficit

of stress belowAp is difference in density of solid and fluid matter, FAGT St v
¢ is porosity,g is gravity acceleration ana is size of the network. (© b - AV, i -
w' 3 e ....SE. AE SE',

C e . ‘’y .
and convective mode group velocities) is fulfilled. Under this NPT e L A s
condition, the favorite frequency range-0.2-0.4 ¢,~15— o . T T
30min) is obtained. In this case, variation of wind veloc- .ot * .~, R o, °°
ity, which produces source currents in the lower ionosphere B ‘% '. 0 O * . .-',
can reach values-3-5m/(s/Hz) at the near-equatorial re- A .
gion (Molchanov, 2004). e s e O

d) The theoretical scheme presented here includes . 5 U R

all the above-mentioned observational evidences, taking _
into account that scattering on AGW-induced atmosphere-
ionosphere perturbations leads to depression of radio-signals

and ULF magnetospheric emission on the ground. Fig. 10. Stages of earthquake preparati¢a)y Appearance of small
bubbles ensemble beneath lithosphere as perturbation of heat flow

from the interior;(b) Preseismic stage: entrance of the bubbles into
the crust, their merging, appearance of temperature and density per-
4 Discussion turbation near the ground surface and weak foreshock activity in-
side crustjc) Near-seismic stage and main shock: further merging
We tried to show that the assumption about fluid erup-of the bubbles in the selected areas, intensification of SA and ULF
tion at the ground surface is quite sufficient to explain themagnetic field foreshocks, eruption of large bubbles after upward
atmosphere-ionosphere perturbations during the preparatiowigration in the strength-weakened site with creation of the main
stage of an earthquake. A question arises immediately: what"ock:
means earthquake preparation process in a large zone or-
der of hundred kilometers as it is followed from above-
mentioned observational facts and from observation of near{2bsence of large stress accumulation and dilatancy, exis-
seismic effects (e.g. Molchanov et al., 2004c)? It is evidenttence of deep EQs etc.).
that conventional seismology theories (nucleation, dilatancy- However, rather suitable ideas have already appeared. It
diffusion, dilatancy instability, consolidation and so on) have was established that seismogenic faulting is commonly as-
failed to explain neither our results, nor seismic data itselfsociated with zones of fluid overpressure (e.g. Sibson, 1990;
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