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Abstract.  An instrument for measurement of quasi-static and ULF variations of the Earth electric field measurements on the ground is designed and put in operation. By this apparatus a continuous monitoring of the ULF electromagnetic variations of lithospheric origin is realised. The analysis is preceded by an evaluation of the quality of data. The instrument dispersion reveals a high level of noise mainly during day hours. Additionally, there are days of high noise level which last diurnally. A preliminary FFT analysis of the data set is made. 
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Introduction 

The study of electromagnetic environment is one of perspective tools in the Space Weather operation systems. The solar activity, solar wind conditions represent key parameters that control the level of geomagnetic activity, the behavior of the plasmasphere and ionosphere, geomagnetic pulsations occurrence and so on. The geomagnetic pulsations can encounter the entire magnetosphere, penetrate through the ionosphere and atmosphere and reach the Earth surface. Their characteristics bear useful information about the regions through which the pulsations propagate. Therefore they represent a good diagnostic tool for the Earth electromagnetic environment. On the other hand active lithospheric processes produce also electromagnetic emissions that reach the Earth`s surface from below. Recently a lot of experiments have revealed an emergence of ULF electromagnetic events and seismoelectric signals (SEC) connected with strong earthquakes (Fraser-Smith et al., 1990; Kavate et al., 1998; Hayakawa and Itoh, 2000; Varotsos and Lazaridou, 1991). ULF pulsation evidences of seismogenic origin are still rare and even contradictory. The main difficulty is connected with the separation of the ULF events caused by the magnetosphere from those caused by seismic and/or tectonic processes.  Moreover all available models of ULF processes connected with lithosphere yield very weak magnetic field variation amplitudes ( below 0.1 nT. It is by an order less than the magnetic field amplitude of the ULF pulsation coming from the magnetospheric environment. Various experimental methods have been proposed for resolving this problem in the physics of the geomagnetic pulsations (Varotsos et al., 1996; Krilov and Nikiforova, 1995). 

In this study we briefly examine the field properties of long period disturbances produced on the Earth’s surface. We are studying the electric and magnetic field distribution of the ULF wave disturbances in the system lithosphere-atmosphere-ionosphere. We will point out the amplitude and polarization differences connected with the sources of the ULF disturbances.  Then we review the needed requirements to an equipment for measurement of both the quasi-static and the ULF variations of the Earth electric potential, and the realised apparatus, as well. We discuss the geological and electrical properties of the site where this equipment is installed. Data are processed and examples of preliminary results are presented that illustrate the quality of measurement. A comparison with data preceding and subceding the earthquakes with 24 hour interval is conducted. At this early stage no conclusions can be drawn. The main outcome of these initial measurements is the great level of the noises of artificial (industrial) origin. 

II. Theoretical Background

Experimental evidences of the ULF telluric variations yield that the frequency f (=(/2() varies from several mHz up to 1 Hz. It is well known that the ULF fields penetrate in the Earth’s interior and attenuate with coefficient ( = (k2 + i((0(crust)1/2 ( k, where k is the horizontal wavenumber, (crust is the crust conductivity, and (0 is the magnetic permeability. Both ULF fields ( the electric and magnetic ones, are closely connected. Recently effects on the ULF electric and magnetic field distribution in different geological regions have been examined (Boytchev and Nenovski, 2003). It is shown that ULF variations of different origin can be discriminated by using their polarization characteristics (Boytchev and Nenovski, 2003; Pilipenko et al., 2003). Under the condition for absence of vertical electric current at the Earth surface the following relation is derived (Boytchev and Nenovski, 2003):

(Bx,y( ( (0(crust(((.



(1)

where Bx,y are the horizontal components of the magnetic field and ( is the Earth electric potential (EEP). For a crust conductivity of 10-2 S/m the magnetic field magnitude will be of the order of 4((10-9 ( (in T) (conductivities of 10-2 S/m refer to soil conditions). If we use a value of 0.01V for the observed ULF electric signals we obtain a magnitude of the order of 1.10-10 T for the primary ULF magnetic field that penetrates in the soil. Such values correspond to geomagnetic pulsations magnetic field magnitude in the Pc3 range (with period T = 10(45 seconds). Under rock conditions the conductivity however can be of the order of 10-4 S/m. Thus, the primary ULF magnetic field magnitude requires greater electro-telluric field magnitudes. Therefore under rock conditions the observation of ULF pulsations is facilitated. In addition to ULF signals of magntospheric origin there are ULF electric signals of internal, lithospheric sources (Pilipenko et al., 2003; Boytchev, 2003). According to еq.(4) the magnetic field magnitude would then be very low and its registration with a magnetometer will likely be hampered. For this situation the magnetic field potential of ULF signals of lithospheric origin has to be neglected. This makes preferable the ULF electro-telluric measurements for ULF signals of both the magnetospheric/ionospheric and lithospheric origin. The duration of the lithospheric quasistatic aperiodic signals varies from twenty minutes to several hours. Thus ULF signals of magnetospheric origin have higher frequencies than those of lithospheric origin and hence they can be easily separated from each other. This peculiarity is used to design an integrated instrument for measuring ULF signals of internal and external sources.

III. Penetration of Signals of Lithospheric Origin

After solving the corresponding wave equation assuming homogeneous conductance, (crust, illustrates the electric field amplitude distribution in the lithosphere which is obtained (Figure 1). The conductance (crust is assumed to be equal to 10-4 S/m. Fig. 1 shows the amplitude decrease (in relative units) versus distance r for different frequencies: 0,001 Hz, 0,01 Hz, 0,1 Hz и 1 Hz. For higher frequencies the signal decrease is essentially much stronger. Fig. 2 demonstrates the dependence of the signal decrease of a given frequency when the signal penetrates through the medium of different conductance. Such a dependence has to be observed for the spectral components of aperiodic electric field signals.
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Fig. 1. Amplitude decrease of ULF signals with distance r depending on frequency. The Earth conductance (  is 10-4 S/m.
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Fig. 2. Amplitude decrease of ULF signals with distance r depending on conductance (. The signal frequency is 10-3 Hz.

The frequency dependence of the ULF signal results in:

for periodic signals – different depth of penetration depending on the frequency; Thus signals of higher frequencies could not reach the Earth’s surface and/or would not be detected at the measurement point;

for aperiodic signals – change of the spectral content of the signal, the disappearance of the higher frequencies would be observed like a smoothing of the signal envelope. This process is depending on the distance between the source and the measurement point. 

Following this general outcome an important conclusion could be drawn. To the measurement point that is displaced at tens, or hundreds of kilometers away from the epicenter of the forthcoming earthquake, or the source of the ULF disturbance, only aperiodic, or quasi-static signals of large spatial scales and frequency spectrum strongly limited from above arrive. Since ULF electric disturbances of smaller scales (less than several km) cannot be periodic (Boytchev, 2003) to such measurement points only an aperiodic disturbance could be detectable. 

IV. Method of Frequency Selection of ULF Signals

The ULF signals of magnetospheric and lithospheric origin possess similar frequency spectra. The similarity of the frequency spectra suggest a discrimination of the signals using other signal features. A strategy for electric and magnetic field measurements of such ULF signals should rely on the locality of the signals of lithospheric origin and the relative homogeneity of the signals of magnetospheric origin because of the greater scales of the latter. The higher frequency components of the signal generated from the medium will disappear much faster than those of lower frequency components. It follows that when the distance r changes, not only the overall amplitude should decrease, but  the spectral content of the lithospheric signal should be altered. Irrespectively of the initial amplitude and the spectral content the amplitude of the higher components decreases up to 10-3 times the amplitude of the lower or zero frequency components for distances 20(100 km and middle Earth’s conductance values. The ULF signals of lithospheric genesis in the form of Earth electric potential (EEP) variations belongs to a limited frequency band usually below 0.02 Hz and have amplitude range 0.01-100 mV depending on the lithospheric conductance and the distance between the sensors. As for the study of geomagnetic pulsations of magnetospheric origin the following frequency interval of measurement is chosen: 0.002(1 Hz (Boytchev et al., 2003).

On the basis of the above considerations a new method of discrimination of the ULF signals is suggested. This method is grounded on the frequency selection principle (Boytchev, 2003). It is suggested both types of signals to be recorded by a common sensor system, common amplification and followed by filtration and treatment in separate frequency ranges. Then:

-At the measuring point both signals are discriminated in different amplitude ranges. By comparison of their possible maximal amplitudes the ratio is 102 in favour of the lithospheric ones; 

-Signals of different genesis are displaced in adjacent frequency regions overlapping in a tight frequency interval. An identification of the signals in the frequency interval where both signals overlap is possible by using additional characteristics depending on their genesis. Here the different polarization characteristics and the local signature of the lithospheric signal are.

An instrument designed for selective measurements of electric and magnetic field components of ULF signals of lithospheric and magnetospheric origin on the Earth’s surface is already described (Boytchev et al., 2003). The electric component is measured in DC – 1 Hz frequency range. According to our method of frequency selection the whole DC - 1 Hz frequency range was divided into 2 sub-bands: DC - 0.02 Hz (BW1) and 0.002 - 1 Hz (BW2). This allowed for parallel processing of the signals from both sub-bands. Magnetic field components are measured in BW2 sub-band only. Both magnetic and electric signals are measured in East-West and North-South direction. The instrument consists of sensors, analogue module, digital interface block, IBM compatible PC and a modem. The instrument allows for:

1. Stand-alone operation at remote sites.

2. Multi-point synchronized observations and centralized data acquisition. 

V. Sensor system 

The instrument for continuos monitoring of quasi-static and ULF variation of the earth electric potential is installed in the Krupnik seismic station. The sensor system connected to the instrument is placed along the Krupnik fault. The main direction of this fault runs approximately in the East-West direction. Two sensors are placed at a distance of 88 m nearly in the same direction. They consist of stainless rods of length 40 cm fixed in the rocky basin. Such a length means that we have a line contact with the rock. Because the span between both electrodes is ~200 times greater than the electrode length there is practically a point contact. The electrical contact with the rock material is realised by graphite suspension that surrounds the stainless rods. The measured resistivity between the sensors and the ground is ~10 k(. There is resistivity difference at both sensors due existing rock heterogeneity within a distance of hundreds meters. The cables that connect the sensors with the instrument are well screened against external influences that might be induced along the track. Having in mind that the rock conductivity is ~10-4 S/m amplification factors of 10 and 250 respectively for the signals from the quasi-static and the ULF tracks are realised. The apparatus sensitivity or its threshold values are 9.6 (V (0.11(V/m) and 0.24 mV (0.0027 mV/m) for the ULF and the quasi-static track respectively.
VI. Observational Data

Two data sets are analysed. The first one is from the Vitosha station where a nearly two week campaign was conducted. The second one is from the Krupnik station where data on one month and half a campaign were processed.

Vitosha data

The periodograms, shown in Figures 3 and 4 for daytime and nighttime conditions respectively, illustrate the evidence of long-period pulsations observed by the measuring system. The spectrum in the figures is obtained during daytime and nighttime hours on 08.08.2000. Usually the daytime spectrum is of a smaller period compared to the nighttime one. The measured periods are unstable. In Fig. 4 the daytime spectrum shown consists of three periods: ~ 300, 600 and 900 s. The spectral component with a period T = 300 s is the most intense one. Under nighttime conditions the periods of the spectral components increase to 1000 s and more. 
The Vitosha data set reveals the existence of geo-electric pulsations in the 60 – 1800 s range. The period of these pulsations appears to vary from day to day. This means that the processes responsible for their generation have a characteristic time scale of several hours or less. Our preliminary conclusion is that their energy source is probably of ionospheric or magnetospheric origin.

Another feature of our ULF measurements during July 27 ( August 08, 2000 is a slow increase (drift) of the magnitude of the Earth electric potential ( (Figure 5). This drift (measured over the whole interval) does not exceed the diurnal (regular) variations and is less than 20(30 percent of the mean electric potential.

It is worth mentioning that Ralchovski and Komarov (1988) have already observed long-term drifts of the Earth electric potential at the same Vitosha station. A long-term change in ( at the same station (Vitosha) has been observed having nearly half-a-month duration before the Vrancea earthquake in March 1986. This could be ascribed to possible changes in the Earth’s conductivity during earthquake preparation processes. In our case the Earth electric potential drift is followed by two earthquakes of magnitude M > 5 occurring on August 23, 2000 in Vrancea (Romania) and Izmir (Turkey). Although our data set shows similar features as in March 1986, the two week data set is, of course, insufficient to link this drift to possible lithospheric conductivity changes.
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Fig. 3. Periodogram (in minutes) of day-hour pulsation. Pulsations of period ~ 5 min and their harmonics at 10 and 15 min are clearly observed.
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Fig. 4. Periodogram (in minutes) of night-hour pulsation .Pulsations of period 20 min are observed.
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Fig. 5. Long-term drift of the Earth quasi-static electric potential in North-South direction.

Krupnik data
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In this paper we used the data set about the interval 10-15 August 2003. The instrument dispersion shows an increase by an order during day hours. This suggests that the quality of the Krupnik data under dayhour conditions is bad. Fortunately, the instrument dispersion goes at low level and stays stable only around midnight and in early morning hours, e.g. between ~23 and ~06 LT. There are however unusual nights. On 13 August the instrument dispersion began to increase two-three hours before morning (06 LT) and was at high level till midnight. Next day on 14 August 2003, a strong earthquake took place ( the Lefkada, Ionian Sea (Grrece) shock (MW 6.2). It is worth noting that in a 5 day interval, namely 11-14 August 2003, there were not earthquake events in Bulgaria. In this interval the geomagnetic conditions were low to moderate. The planetary indexes Ap and Kp were less than 18 and ~3, respectively. The data indicate that on all the days the variations of the Earth magnetic field have a regular diurnal course, i.e. no intense ULF events were observed. Data from the L’Aquila magnetic observatory were used for an external control of the Earth magnetic field variations. Thus the chosen data set interval could provide a possibility to disclose any abnormal signals that are not of ionospheric and/or magnetospheric origin. In this 5-day interval only on 13 August the instrument dispersion showed abnormal level dynamics practically during the whole day. It may be ascribed to an unknown man-made source that occurred at, or near Krupnik. We note however that on 15 August 09: 34:19 LT a weak earthquake of magnitude M = 3.2 and epicenter 41.86 N, 22.87 E occurred close to SS “Krupnik”. The epicenter was at ~10 km to the West from the SS “Krupnik”. Both earthquakes are marked with arrows in Fig. 6. Our preliminary conclusion is that this high level instrument dispersion evidences an unusual ULF activity level not connected with magnetospheric or ionospheric processes.

Fig. 6. Diurnal trend of the instrument dispersion. The dispersion increases during day hours. Low values interval exists mainly during the night hours.

Fig. 7.  15 minute ULF variations of the Earth electric potential observed on 13 August 2003 at SS “Krupnik”. Clear periodic signal of period ~14 sec (in the Pc 3 range) is recorded.
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Fig. 7 illustrates an example of the measured signal as recorded by the ULF (fast) channel of the measuring system. A time interval of 15 min on 13 August 2003 is chosen. Both irregular ULF variations and periodic ones are clearly visible. The irregular variations show a wide spectrum usually below the interval < 0.1 Hz. The periodical variations observed in the interval 09.35-09.45 LT have a mean period of 13-14 sec (in the Pc 3 range) and the wave trend lasts ~ 6 min. The peak-to-peak amplitude of the periodical variations is ~ 1mV. This means that the measured ULF electric field was of amplitude ~6 (V/m.

Our preliminary analysis of the ULF data obtained from the SS “Vitosha”and “Krupnik” station revealed an emergence of ULF signals of a different origin. During day hours the main origin of ULF noises are industrial and anthropogenic factors. Fortunately, there are quiet periods between 23-06 hours when these factors are diminished and have even disappeared. Nevertheless, we see that in these hours interval unusual ULF events of a regular and irregular character sometime emerge.

Conclusion

We grounded theoretically the advantage of recording the electric field of ULF signals of both ionospheric (magnetospheric) and lithospheric origin.

We designed an instrument that includes two principal measuring tracks: first, quasi-static geo-electric variations (originating from the magnetosphere and/or lithosphere) superimposed on the diurnal changes in pulsation dynamics; second, ULF geo-electric variations of periods 0.002 Hz to 1 Hz. It provides ULF wave measurements of higher sensitivity. 

We recorded ULF pulsations of period 300 – 1200 s recorded from both measuring tracks. Our preliminary conclusion is that these long-period oscillations have unstable periods. We observed also an Earth electric potential drift that lasts for weeks and longer. The sources of such changes are out of the scope of this paper.
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Апаратура за измерване на квазистатични и свръхнискочестотни вариации на земния електричен потенциал

Б. В Бойчев, П. И. Неновски, Ст. Т Иванов, М. Шамати, Л. Петров, Вл. Б. Бойчев

Резюме. Конструирана е апаратура за непрекъснати измервания  на квази-статични и свръхнискочестотни (ULF) вариации на електричното поле на повърхността на Земята и пусната в оперативен режим. С тази апаратура се осъществява непрекъснат мониторинг на ULF eлектромагнитни вариации от литосферен произход. Анализът на постъпващата от апаратурата информация  се прави след проверка за качеството на получените данни. Апаратурната дисперсия за избран интервал от време показва високо ниво на шума, което се наблюдава основно в дневните часове. Освен това, се наблюдават дни с високо ниво на шума, което продължава и в нощните часове. Направен е предварителен бърз Фурие анализ (FFT) на част от получените данни.
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