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Abstract. A review of data processing of electromagnetic geophysical parameters in a region with enhanced seismic
emission observation collected at the Complex Geophysiactivity and low industrial noise. In that respect Kamchatka
cal Observatory Karimshino (Kamchatka peninsula) duringpeninsula is an ideal place for the installation of the Com-
the first 5 months (July—November, 2000) of its operationplex Geophysical Observatory (hereafter CGO), which yields
is given. The main goal of this study addresses the detecthese requirements.
tion of the phenomena associated with Kamchatka seismic The observatory has been established by Russian and
activity. The following observations have been conducted atJapanese scientists during a scientific campaign in 1999 in
CGO: variations of ULF/ELF magnetic field, geoelectric po- addition to an existing network of seismic and geophysical
tentials (telluric currents), and VLF signals from navigation stations. It is located in Karimshino (5294, 158.25 E,
radio transmitters. The methods of data processing of thesé& = 2.1) at a distance of about 50 km from Petropavlovsk-
observations are discussed. The examples of the first experkamchatsky. No pronounced sources of industrial noise are
mental results are presented. found close to this particular region. The main purpose of
our study is to provide analysis of the correlation of seismic
activity with electromagnetic phenomena (e.g. the change
1 Introduction in the ULF/ELF magnetic field, telluric currents, VLF sig-
nals from navigation radio transmitters) and acoustic emis-
There was a great deal of research during the last few yearsion. The measuring devices and digital registration systems
devoted to the analysis of electromagnetic and acoustic emigplaced at this observatory, as well as the seismic activity of
sions associated with the earthquake (hereafter EQ) prepardie Kamchatka region, are described by Uyeda et al. (2001).
tion. It is worth mentioning that in the past the data process-
ing, relevant to this problem, was limited as a rule to the anal- ) )
yses of separate geophysical fields. No complex analysis in2 Seismological data

volving the cross-correlation study has been used. Moreover. . _ .
9 y Simultaneous observation of seismic and electromagnetic

g;ethrgagfrrg i?se dtzjicfgr&?gaﬂﬁvfaefea f’GUbas’:;?;'r?l S;((:)Leeesrlg henomena carried out at the same place gives us a unique
q prep P ossibility to find a correlation between the temporal varia-

Thus, in order to obtain reliable results, it is necessary to PeT%ions of local seismicity and the change in the Earth’s mag-

form the long-term observations of a large number of various, . fiold. Regarding the case study or analysis of the indi-
Correspondence toV. Gladychev (glad@uipe-ras.scgis.ru) vidual precursory event, it is important to understand how to
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have assumed that seismic response is proportionﬁo
whereEs is the energy of the seismic shodks( ~ 10%/2Ms),

R is the distance between EQ hipocenter and observational
point, and coefficientx >1 describes the mutual influence
of the seismic energy divergence and the attenuation. As a
result, they have presented the following limiting condition:
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Ms = 1.33logR* + B (1)

where R* is limiting distance for EQ with magnitud#/s.
The values forx = 1.33 andB = 1.13 have been estimated
directly from the observational data.
Here, the same approach has been used assuming that
“seismic index”K s is proportional to/ Ps, wherePs stands
for the seismic energy flux. Then, we have made use of the
results provided by Molchanov et al. (2001) on the presen-
. tation of the seismic attenuation functi@ia(R/Ra), where
0.1 AN R RRAR e f]‘:‘ Ra is the attenuation distance (see Fig. 2). We have assumed
1 10 100 1000 the following relationship to be valid:
Distance, km

Seismic index, Ks
(=Y
o
=)

=
(=)

Ks = Kth 10°75$ /(10R*)Fa,
—-2.33
(b) Fa = (1 n R*lO’MS/2> @)

and assumed that the threshold leveKis: = 1, i.e. max-
imal distance for seismic shock withfs = 4, is about
100 km. Dependence & s(R) for the differentM s values is
shown in Fig. 1a. As before, it is easy to find the relationship
for the limiting distance:

Ms = 1.33log (10R*/Fa(R*/Ra)) . (3)

It is shown in Fig. 1b, along with other previous relation-
ships. General similarity of these curves leads to a conclu-
sion that our choice okKth = 1 criterion is rather justified.

It means that every seismic event wikts > 1 can be con-
sidered as a seismic precursor.

Figure 2 shows some characteristics (includkhgindex)
of seismic activity in the Kamchatka region for EQ’s with
0 AL B T A RA TR Ms > 3 within the time domain 24 June 2000 — 27 August

1 10 100 1000 2000.
Limiting Distance R*, km

Maghnitude

Fig. 1. (&) Ks (R) dependence. Dashed line is a simplified depen- 8  ULF/ELF magnetic field variations

dence forMs = 4 when an attenuatiorfz = 1) is neglected(b) . . .
Magnitude-maximal distance relatidds (R*) from AE observa- During the last 10 years, the experimental evidence of the

tions (Eq. 1), line with stars; and for our relationship (Eq. 3), solid exi;tence of earthquake precursors in the.ULF/ELF mag-
line. Dashed line is for the simplified dependence. netl.c f'e_ld has been reported, e.g. EQs in Loma Prieta,
California (Bernardi et al., 1991), Guam Island (Hayakawa
et al., 1996a), Spitak and Racha in Caucasus (Kopytenko
) ) ) o et al., 1993). Several EQs in Japan were preceded by the
estimate the intensity of the seismic shock for precursor pronomalous ULF magnetic signals. All of these EQs had a
duction. To estimate the effectiveness of the seismic ShOdfnagnitudeM > 6.1 and the maximum amplitude of the
for electromagnetic precursor production, the spe&iat | F precursor signal varied drastically depending on the

index was introduced. The data of the Kamchatka regionaljisiancer of the observational site from the EQ epicenter:
network of seismic stations were used for the estimation ofg nT for Loma Prietak = 7km) and 0.1-0.2 nT for Spitak

the K s-index. (R = 128 km). No precursors have been detected prior to the
Recently, Gorbatikov et al. (2000) has analyzed the acousEQs withR > 130km andM > 6. Observations of ULF
tic emission precursors at Matsushiro station. These authorsignals preceding the Spitak, Guam and Japanese Eqs have
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Fig. 2. Seismic activity in Kamchatka region for EQ witifs > 3 in time interval 24 June 2000 — 27 August 2000. From top to bottom: EQ
magnitudeM ; azimuth of direction toward EQ epicenter from CGO counted out from the north direction clockwise ¢ounterclockwise

(-); distanceD between EQ epicenter and Karimshino (depth of EQ hypocenter and EQ magnitude are indicated to the right from the panel);
value ofKs.
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Fig. 3. Dynamic spectra for time interval 24 June 2000 — 27 August 2000 in frequency band 0.0025-0.2 Hz. Panels from top to bottom display
the following parametersK p, andK s, dynamic spectra of /G ratio, of ellipticity in horizontal plane and aff, D andZ components of
the magnetic field.

displayed anomalous values of vertical to horizontal compo-quency range (e.g. Dea et al., 1993).
nent ratiosZ/H, Z/D or Z/(vVH2 + D?) = Z/G. One o N o
may assume that this feature is typical for magnetic pulsa-. _ConS|der|ng the peculiarities of the Kamchatka selsmic ac-
tions of lithosphere origin and can be used as a distinctive V'Y (U/yeda etal., 2001) al;nd.the szerr']meS,tf‘f"l.l d?ta rebliated
characteristic of seismogenic signals. At present, very little!® YLF/ELF precursors, a basic and rather difficult problem

information is available on precursor signal in the ELF fre- of the search for EQ precursor is their distinction from the
natural background. The favourable factor for detection of
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Fig. 4. The same as in Fig. 3 but for frequency band 0.1-6 Hz.
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Fig. 5. The behaviour of magnetic field components r&ioG in different frequency bands (0.005-5.0 Hz) for the time interval 24 June

2000 — 27 August 2000.

the EQ precursor is related to the presence of very weak in-
dustrial noise.

Taking this into account, one may propose the possible
methods of EQ precursor detection.

1. It is useful to take an advantage of high homogene-
ity of the ULF/ELF background field (its attenuation

A < 3-4db/1000 km) in comparison with the field of
EQ precursor 4 > 30db/100km). Taking this fact
into account one can compare the magnetometer data
of Karimshino and neighbouring stations located along
the same geomagnetic meridian 216.9. Magadan or
conjugate station Canberra). This comparison facilitates
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KARIMSHINO, MAGNETOMETER, .21/11/2000, EQ (Ms=5.1, Depth H =67 km, Distance D =247 km, Teq =7h44min0.8sec)
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Fig. 6. EQ and Wavelet analyses of related magnetic field perturbations. From top to bottom: - Seismometer Bigi#al;Z magnetic
component response to the seismic waves; Wavelet spectra of the same components, which are calculated with programs of Wave Lab. 80z
In this figure time is counted in min from the EQ moment, which is marked by the star in the upper panel. The frequency of the spectral
components is roughly in proportion to inverted scale (@01 Hz).
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Fig. 7. From top to bottom: (1) planetary index of magnetic field disturbakipe(2) histogram of EQ in a given area stretched along wave
path Japan-Kamchatka and has the width of two Frenel’s zones, (3) the X-ray flashes (data from GEOS-10 satellite) (4), (5) thedecords of
and P of VLF signal (the last one after restoration Bfcontinuity) for wave path Japan-Kamchatka with distinct diurnal variation of these
values. One can see that the X-ray bursts are at almost the same time as impdlsesi & signals.
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the detection of anomalous signals, which is abnormalcan serve as an example of our first study of general regular-

in the Karimshino background field and therefore canities of the field and detection of “windows”. It is necessary

be considered as a probable EQ precursor. It is more efto note that in Fig. 3 fo/, D andZ components, the values

fective if the distance between magnetometers is aboutog,y (F x Spectral densityg), HzxnT/sqrt (Hz)) are calcu-

tens of km (the gradient method). lated, whereas in Fig. 4, for the same components, the values
log, o (Spectral densityg), nT/sqrt (Hz)) are calculated.

2. Geomagnetic pulsations show rather pronounced diur- Using the data similar to those shown in Figs. 3 and 4, one
nal periodicity that can be revealed in the fairly definite may arrive at the following conclusions:

local time intervals of occurrence for each type of pulsa-
tion within the characteristics of this type of frequency 1. The approximate inverse proportion of th¢G ratio to
band (Pudovkin et al., 1976). Such a property of geo-  Kp-index is well observed for frequencies upd.3—
magnetic pulsations assumes the existence of frequency 1 Hz.

bands and intervals of local time (frequency-time “win-
dows”), where the permanent background of magneto-
sphere origin has a relatively stable low level. There-
fore, the search for EQ precursors in such “windows”
is rather promising. Calculation of averaged diurnal
dynamic spectra of pulsations can serve as an efficient
guide for the detection of these “windows”.

2. The diurnal variation of ellipticity can be noticed with
a left-hand rotation of the total horizontal vector at the
forenoon hours and right-hand rotation in the afternoon.
This diurnal variation is the most distinct for frequen-
cies ~0.003-0.1Hz, i.e. for Pc5 — Pc3 pulsations.
These pulsations show rather regular behaviour (Sam-
son et al., 1971; Ansari and Fraser, 1986). Careful in-

3. According to Hayakawa et al. (1996), an effective vestigation all these variations is assumed in order to
method of EQ precursor detection can be the monitoring ~ €Xclude them and obtain a more clear background in or-
of polarization characteristics of ULF emissions, partic-  der to distinguish anomalous behaviour of ellipticity.

ularly such as the ratios/H, Z/D or Z/ G. 3. Adiurnal variation of intensity is observed for all ULF
emissions up to- 0.2-1 Hz with nighttime minimum
and daytime maximum. The intensity of emissions also
increases with the growth of thE€p-index. The latter
dependence is more pronounced than the diurnal. But
at frequencies higher than 0.2 Hz, the dependence of
intensity onkK p-index vanishes.

4. For the ELF band, the promising method for the search
for an EQ precursor can be the monitoring of intensi-
ties in frequency gaps between different Schumann res-
onances. More practical is the monitoring of the ratio of
intensities of Schumann resonances.

The last 3 methods are realized first of all by calculations 4

of dynamic spectra for: . ForKp < 2, the frequency “window” occupies the fre-

quency band 0.02-6 Hz and the interval of local time

— Intensities ofH, D, Z components, around 24_1:00 LT._During daytime, the fre_quency range
of the “window” is narrower and occupies the 0.05—
— TheZ/G ratio, 6 Hz frequency band. This “window” must be supple-
mented by the frequencies, which are disposed between
— Two polal’ization parameters: (a) the ratio of minor to frequencies of Schumann resonance§.€l3 Hz, 16—
major axis of polarization ellipse in horizontal plane (el- 19 Hz etc.). FoKp > 2, the lower frequency boundary
lipticity), which varies from—1 (left-hand circular po- of the “window” increases up te-0.1-0.2 Hz and be-
larization) through O (linear polarization) tp1 (right- comes independent on local time.

hand circular polarization) and (b) the angle of ma- )
jor axis of polarization ellipse in horizontal plane from  The EQ precursor search in the frequency band
northward direction, which varies from90® (East) to ~ 0.01+0.003Hz, where anomalous behaviour 0fG has

+90° (West). been observed recently by Uyeda et al. (2000) a few weeks
before an EQ, can also be considered as promising.

The latter characteristics can also be calculated in the ver- For more detailed data analysis, it is necessary to measure
tical plane. Taking into account the broad frequency rangeall the enumerated above parameters (intensityi ofD, Z
all of these dynamic spectra are calculated separately focomponentsZ/G etc.) in rather narrow frequency bands,
three frequency bands: 0.0025-0.2Hz, 0.1-6 Hz, 6—24 Havhich involves the detected frequency “windows”.
and are shown as color plots (for different levels of parame- However, at the first steps of investigation, the whole fre-
ters under study) with frequency-local time coordinate axesquency range under study was analyzed in rather broad fre-
The averaging was performed over three-hour intervals forquency bands witt\ f/f ~ 1 (Fig. 5) (the effectiveness of
all spectral values. Such pictures can cover one day, week dEQ precursor searching using this method was demonstrated
the entire month, according to our selection. by Bernardi et al., 1991). Figure 5 shows the variation of the

Dynamic wave spectra for the time interval 24 June 2000Z/G ratio in different frequency bands (0.005-5.0 Hz) for
— 26 August 2000 and frequency bands 0.0025-0.2 Hz andhe same time interval 24 June 2000 — 27 August 2000. A
0.1-6 Hz are shown in Fig. 3 and Fig. 4, respectively. Theyroughly inverse relation of th€ /G value to thek p-index
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Fig. 8. From top to bottom: (1) planetar p-index, (2) X-ray flashes, (3) histogram of EQ in the area, which is stretched along wave path
Japan-Kamchatka (width of two Frenel's zones), (4), (5) the recordsfof the same wave path received after all steps of data processing
(Amplitude 2) and before the subtraction of its averaged diurnal variation (Amplitude 1), (6), (7) the recardsftef all steps of data
processing (Phase 2) and before subtraction of its averaged diurnal variation (Phase 1). Vertical dotted lines in Phase 1 mark Terminators.

can be noticed for frequencies up+®.3-1 Hz. (similar to  ima of A and P signals during sunrise and sunset (Hayakawa

that shown in Figs. 3 and 4). etal., 1996b).
Finally, we make an attempt to estimate the possibility of ~ The first step of data processing is the restoratiof obn-

a supplementary method of signal processing for the signalinuity, which disturbs itself while crossing the limis180°
detection associated with EQ (Fig. 6). (Fig. 7). Then, the sliding averaging &f and A records is
One can see the appearance oftheomponent emission carried out over 5min time intervals. The second step is the

in the frequency band 0.01-0.03 Hz at the moment of EQlcaIcuIation of averaged and P diurnal variations and their

The emission is lasting some time after the seismic signafiSPersions. The third step of data processing is the reveal-
has vanished ing and if possible the removing of the disturbances with a

well-known origin (e.g. X-ray flashes). The last step of data
processing is the subtraction of averaged diuthand P
signals from current signals (Fig. 8).

The disturbances, whose amplitudes exceed &n be
considered as potential signals of seismogenic origin. An

The purpose of observations is to investigate the influence ofxample of such a disturbance is shown in Fig. 8. The begin-
seismic activity along the paths of signal propagation on thening of aP disturbance can be seen six days before the Kuril
measured values of the amplitude and phase of the VLF siglslands EQ {7 = 5.8, the depth of focus/ = 146 km, epi-
nals. In the paper by Uyeda et al. (2001) the map of radiocenter distance from wave path= 3 km). The disturbance

transmitters (in Japan, Australia, China and Hawaii) and re-Stopped at about 20 h before the EQ.
ceiver locations together with the areas of the supposed sen- The Terminator method for wave path Japan-Kamchatka

sitivity for each wave path, are shown. was not used for the period of observation.

Two methods have been proposed in order to reveal the O_bservatl_ons ofA _andP values of VLF waves conducted
amplitude @) and phase#) disturbances of VLF signals re- during the time period 1 July 2000 — 30 March 2001 show
lated to seismic activity. The first of them (chronologically) the following peculiarities:
is based on selecting nighttime bay-like disturbance#® of
observed over several days before an EQ (Gokhberg et al.,
1989; Gufeld et al., 1994; Hayakawa et al., 1994; Gufeld et
al., 1992). The second one, the so-called “Terminator Time” 2. The correlation of X-rays flashes withand P distur-

(TT) method, makes use of monitoring the location of min- bances exists during daytime.

4 Observations of VLF signals from radio transmitters

1. Therecords ofi and P are strongly disturbed both dur-
ing daytime and nighttime.
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Date : 000826/27, Electric field variations, uV/m, Karymshina
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Fig. 9. Geoelectric field variations. The signals possibly resulted from the influence of electrodes or due to the manmade noise.

3. Over all wave paths besides Japan-Kamchatka the trenkbs (1984). According to VAN results, the observed SES
of the P signal (not always linear) is noticeable. This (Seismo-Electric Signals) are usually isolated signals, which
trend is connected with the low stability of transmitters appear primarily within two to several weeks before the main
and complicates the processing of data and their intershock. Typical amplitude of SES for an EQ witf ~ 5
pretation. achieves 2@.V/m or more at a distance of about 100 km

) from the epicenter. The duration of a signal varies from

4. Many EQs withM > 5 are observed along the geyeral minutes to several hours. Apparently, the plausi-
Japan-Kamchatka wave path, while along the Hawaii-yyjjir of this method could be high if the magnitude of the
Kamchatka wave path, the EQs are practically absentearthquakes is greater than 5.5-5.8 (Mulargia and Gasperini,

It allows one to compare two records along these paths;ggo. kawase et al.. 1993 Hamada. 1993: Uyeda et al.
for better detection of the anomalous behavior of signalszoooi_ ’ ’ ' ' '

I the J -K hatka path. . . .
along the Japan-ftamchatka pa According to Uyeda et al. (2001) the equipment is mea-

5. One can probably interpret the anomalous behaviour ofuring the potential differenceSV;, AV3, AV4 from NS
the P record in Fig. 8 as a EQ precursor. The Termi- dipoles of different length, = 80m, /3 = 230m,l4 =
nator method cannot be used, since for the time of ob-470m and potential differencesVs, AVs, AV7 from EW
servations the minimums of thé and P values near dipoles of the same lengtly = 80m,le = 230m, /7 =
the Terminators either have not been found or could be470m. All potential differenceaV; (i = 2,3,...7) were
found, but not regularly. averaged out within 24 h and then the valdgs= (AV; —
(AV;))/1; were computed for each moment. He&V;) de-
notes the averaged value of the corresponding potential dif-
ference andt; is the estimation of the electric field strength
projections on NS or EW directions, respectively.

At the first step of analysis, the signals with amplitude ex-
The so-called VAN-method of earthquake forecasting, basedeeding 3Q: V/m and duration over 15 min were considered
on the observation of geoelectric potentials (telluric cur-as SES. To select signals from different kinds of noise or
rents) has been put forward by Varotsos and Alexopou-false SES, we used the original VAN method (Varotsos and

5 Data analysis of geoelectric potentials (telluric cur-
rents)
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Fig. 10. Geoelectric and magnetic field variations. The signal near 18 h is possibly of ionospheric or magnetospheric origin.

Lazaridou, 1991). observatory 2 h before the earthquaké & 4.3, 23 August
The registered data involve different kinds of noise or 2000) is shown in Fig. 10. This electric field signal appears
dummy signals that can be conditionally divided into three simultaneously with the magnetic impulse recorded at the
classes: Mosiri (Japan) station and therefore it has possibly a mag-
netospheric or ionospheric origin.
Thus, during some months since the beginning of the ob-
2. Noise that originates from each electrode, servations, none of the SES-like signals were observed. This

. ] . ) fact is not surprising because there were no significant seis-
3. Signals of ionospheric and magnetospheric nature. ¢ events near the Karimshino observatory within the ob-

If the conductivity of a medium is supposed to be roughly servation period. At least this fact does not contradict the
uniform near the measuring system, then the electric fieldPPInion that SES can be found only for the earthquakes with

produced by a distant source has to be approximately uniMagnitudes more than 5.5.

form in the vicinity of a measuring system. The values of

E; should be identical for all NS dipoles of this type of

field. A similar property has to be valid in the EW direc- paferences

tion. The noise from “bad” electrodes and other manmade

noise, whose source is near placed, cannot satisfy this Cofxnsari, 1. A. and Fraser, B. J.: A multistation study of low lati-
dition. To dIStII’IQUISh SES from such noise, a Compal’ison of tude Pc3 geomagnetic pu|sationsl Planet. Space Sci.’ 34’ 519-—
the valuesE; was made separately in the NS and EW direc- 536, 1986.

tions. The example of signals recorded at Karimshino obserBernardi, A., Fraser-Smith, A. C., McGill, P. R., and Villard, Jr.,
vatory 2 h before and 5 h after the earthquake= 4.7 on 0.G.: ULF magnetic field measurements near the epicenter of
26-27 August 2000 is shown in Fig. 9. These signals were the My 7,1 Loma Prieta earthquake, Phys. Earth Planet. Inter.,
excluded from SES because of the difference in valugg of 68, 1-2,45-63, 1991.

recorded by NS dipoles? & 2_4) as well as by EW dipoles Dea, J. VY., Hanse_n, P. M., and Boerner, W.' M.: Long-T_erm ELF
(i=5-7). Background-Noise Measurements, the Existence of Window Re-

Some of the signals can be of ionospheric and madneto- gions, and Applications to Earthquake Precursor Emission Stud-
9 P 9 ies, Phys. Earth Planet. Inter., 77, 1-2, 109-125, 1993.

spheric origin. The low-frequency geomagnetic field varia-Gokhberg M. B., Gufeld, I. L., Rozhnoy, A. A., Marenko, V. F.
tions are global; therefore, these variations can be recorded yampolsky, V. S., and Ponomarev, E. A.: Study of seismic in-
at many stations simultaneously. Thus, we can identify this  fluence on the ionosphere by super long wave probing of the
effect by analyzing the magnetic data from the neighbouring  Earth-ionosphere waveguide, Phys. Earth Planet. Inter., 57, 64—
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1. Industrial or man-made noise,
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