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Purpose. It is well-known that srong earthquakes are typicaly accompanied by some phenomena which rdate to
variaions of naturd dectromagnetic fiedds Based on the idea about the mechanian of lithogphere-atmosphere—
ionosphere coupling we expect to detect some precursors of drong naturd earthquakes in dectromagnetic data sets
recorded by magnetotdluric insruments far enough from epicenters Methodology. The tempord changes of power
pectral dengty in the natural eectromagnetic fidd components were analyzed with repect to the earthquakes with a
magnitude greater than 5 (M5+) occuring in Europe as wdl as worldwide. Results Electricd and magnetic fidd
varidionswererecorded at three Siteslocated at two lines Thefirst linewas placed dong the Tesseyre Tornquist Zonein
Poland and the second one was perpendicular to the first. The observations have been carried out from September 2015to
April 2018. The data were recorded by standard five channds magnetatdiuric indruments The magnetic fidd
components were measured in three arthogona directionsand dectricd onesin two harizonta orthogona directions The
spectra of the dectromagnetic fidld components have been anayzed with respect to earthquakes with M5+ in Europe as
well as around the globe. The changes in the intengity of the spectra which can be treated as earthquake precursors have
been detected from 24 to 32 hours before the seiamic events The reasons for such effects are also discussed. Originality.
The dectromagnetic monitoring is typicdly carried out next to seismically active regions but according to theoretica
explanations some of the phenomena are of globd origin. We used ordinary magnetotd luric data recorded a mid latitude
sites placed far enough from the seiamicdly active regions and we show that a globd relationship exigs between seismic
and dectromagnetic events with high probahility. Practical gnificance. Such results can accomplish the information
about earthquake precursors.

Key words. natural electromagnetic field; spectra; earthquake; precursors.

I ntroduction

It is wdl-known that srong earthquakes are typicdly
preceded by some phenomena in naturd dectromagnetic
(EM) fidds verigtions Both precursors as wel as pod-
sEamic events were obsarved in awide frequency (period)
band of EM variations and many atempts to explain them
have bean undertaken. An dedrokindic effects under the
ground is conddered as one of possible explanation of such
anomaous dgnds [Tekahashi e d., 2007, Bordes & 4.,
2008]. An interrdation between the tectonic activity and the
anomaous changes of the gegphydcd parameers
charadterizing the Earth's lithosphere have been noticed
dsoin [Mddovan & d., 2009]. Micro-crackings located in
an earthquake preparation zone are dso conddered as the
possihle source of dectromagnetic radiation in VLF and
ULF bend [Teisseyre & Erng, 2002]. Mogt probably
dmilar efedts were the cause of tempord changes in
gpparent resigivity which rdated to the 20102011 seismo-
vacanicaigsat Tad vacano[Ladanivskyy et d., 2018].

The correlation between the earthquakes and EM
events is often explained by the eectric fied
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variations which are generated within the upper
atmosphere due to seismo-ionospheric coupling
phenomena [Hayakawa & Hobara, 2010]. On the
basis of correlation study Straser et al., [2016]
concluded that practically all natural M6+ and even
M5+ earthquakes are preceded by increased solar
activity, which causes the appropriate disturbance in
the Earth's geomagnetic field. They explain this
correlation by a proton flow emitted by the Sun. The
overview of earthquakes which were accomplished
by some wel distinguished footprints in different
bands of the EM field spectra can also be found in
[Straser et al. 2016]. As an opposite, they showed, as
on the basis of their own data as well as on the data
from other observatories around the globe, that man-
made earthquake such as, for example, devastating
earthquake that occurred near the Koyna Dam in
India in 1967, extraction of cil, gas, and minerals,
several nuclear tests have not been preceded by
geomagnetic activity. So, such effects can be used as
indirect proof of close ionosphere-tectonosphere
coupling.
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Two horizontd eectrical and three magnetic fidds
components were recorded at three Stes placed a two
lines. one aong the Tesseyre-Tornquist Zone in Poland
and the second one was placed perpendicular to the
them. The duration of observation was from September
2015 to April 2018 year. Severad strong earthquakes
(M5+) have occurred for this time as in Europe (Italy
and Romania) aswell as around the globe.

In this paper, some effects in the recorded EM
field which correlate to significant seismic events (to
the Italian strong earthquakes which happened in
2016) are represented.

Purpose

It is wdl-known that gtrong earthquakes are
typically accompanied by some phenomenawhich relate
to variations of natural dectromagnetic fields. Based on
the idea of about the mechanisn of lithosphere-
atmosphere-ionosphere coupling we expect to detect
some precursors of drong naturad earthquake in
eectromagnetic datasets recorded by magnetoteluric
instruments far enough from epi centers.

Methodol ogy

The temporal changes of power spectral density
in the natural electromagnetic field components

were analyzed with respect to the M5+ earthquakes
occuring in Europe as well as worldwide.

Results
Experimental data

Three magnetotelluric instruments (PSM)
were installed in three different locations in
Poland and have operated simultaneously since
September 2015 until April 2018 with several
unexpected gaps. Two of three stations (Grabnik -
GRB and Kozieniec - KZN wereinstalled over the
belt of well-known Tesseyre-Tornquist Zone
(TTZ) and the last one (Suwalki, SUW) was
shifted to the side of Precambrian East European
Craton (EEC). The pattern of measuring sites
forms a rectangular angle on the map (see Fig. 1).
Such a configuration have been chosen to allow us
to apply the Generalized Magneto Variation
Soundings method [Semenov et al., 2011] to the
data but it is not the foccus of the current article.
TTZ is a strip of well conducting sedimentary
rocks tens of kilometers wide and up to 7 km
deep. Their slopes are composed of high-
resistance crystal rocks. If we added a
conductivity cross section across the TTZ, we
would see the complexity of its structure.
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Fig. 1. Location of measuring sites in Poland: Suwalki (SUW),
Kozieniec (KZN) and Grabnik (GRB)

Unfortunately our data set is not continuous. It
was broken several times due to equipment factors.
Among three measuring dtes, KZN was noisier in
comparison to the GRB at TTZ and SUW at EEC.

Several significant earthquakes have occurred on
the European continent during the mentioned period
of data acquisition. Among them the catastrophic
Italian earthquakes of 2016 can be mentioned. The
information about earthquakes were taken from the
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USGS catalogue [https.//earthquake.usgs.gov/
earthquakesmap]. The data were analyzed to detect
the strong seismic events caused signals in the EM
parameters onto our data acquisition placement.

Analyzed events

Since the sources of 1ong period magnetotelluric
variations are the currents in the ionosphere and
magnetosphere and based on the seismo-ionospheric
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coupling phenomena we tried to see the effects of
strong earthquakes (M5+ and M6 +) onto our data.
During the data collection, such events on the Polish
territory were not registered, but such earthquakes
were fixed on the territory of Italy and Romania.
Figure 2 shows the dynamic spectra of the 5
components of the EM field in the period range 500-
10,000 s for October 2016 at site GRB. That month
two earthquakes M6.1 (2016-10-26) and M6.6
(2016-10-30) occurred in Itay, and their
hypocenters were fixed at a distance of ~ 15 km
from each other. Before these events, an increase in
the spectral density of the EM field variations was
fixed about 30 hours prior the first earthquake. Even
more clear this effect can be seen before the

earthquake M 6.2 (2016-08-24), recorded in the same
region in Itay. Figure 3 shows variability of
magnetic and electric spectra at the same site GRB
for the same period band. What can be seen on both
figures the vertical Bz component is less sensitive to
seismic events than horizontal ones. Similar pattern
is also present on the dynamic spectra plots at sites
KZN and SUW except the eectrical channels at
KZN because they are influenced by a moderate
level of artificial noises at this site. We also
analyzed the EM spectra around the December 27
(2016) earthquake in Romania (M5.6). The plots
also highlight some activation in geomagnetic field
approximately 30 hours before seismic event as in
previous cases.
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Fig. 2. Variability of EM spectrawith time at point GRB on October 2016.
Red triangles mark the earthquakesin Italy mentioned in text

Originality
The electromagnetic monitoring is typicaly
carried out next to seismicdly active regions but
according to theoretical explanations some of
the phenomena are of global origin. We used ordinary

magnetotelluric data recorded at mid latitude sites
placed far enough from the seismically active regions
and we show that such a global relationship exists
between seismic and el ectromagnetic events with high
probability.
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Fig. 3. Variability of EM spectrawith time at point GRB for the August 24, 2016 earthquake

Practical significance

Obvioudy the considered effects in the natural
EM field spectra cannot serve as 100% precursors of
strong earthquakes, but such results can supplement
the information about them.

Discussion and conclusions

Corrdation between earthquakes and
electromagnetic fidd variations is a background for
suggesting the piezoel ectric and seismo-eectro-kinetic
phenomena [Gugliedmi, 2008] in weakened zones and
during stresses caused by seismic waves [Jarosinski,
2012] from rather powerful earthquakes [Neishtadt et
al., 2006; Kurtz and Nibbled, 1978]. Thefirg oneisthe
variation of the magnetic fiedd due to elastic stresses,
while the second is the variations of media conductivity
due to dynamics of fluidsin the Earth’ s crust caused by
its stress drain dtate. The latter effect is characterized
by inertia [Svetov, 2007]. Both effects cannot be
described by the Maxwell’ s equations aone. So a task
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for future sudy is to separate the induction effect from
other kinds of phenomena.

In the present paper it was demongrated that the
detectable changes in the EM gpectra were recorded in
the frequency band from a few hundreds up to a few
thousands seconds for strong earthquakes (M6+) that
occurred at a great distance from the registration sites.
An increase in the spectral density of the EM fied
variations was observed about 30 hours before these
events (Fig. 2, Fig. 3). In addition, Figure 2 shows an
increasing intendty in the spectra from 13 to 18 October,
2016. What is further-interesting, at the same time the
world network also recorded series of earthquakes M6+,
The firg was recorded in Papua New Guinea on 15
October, 2016 with a magnitude of M6.3. Thus, thetime
lag in the change of the intendity of the spectra is
commensurate with those analyzed in the work.

Perhaps the observed effects can be explained by
increases of the proton density of the solar wind
[Straser et al., 2016. Cataldi et al., 2016]. There are
many data suggesting a potential relationship between
the potentially destructive earthquakes at a global
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scale and the solar activity. Therefore, it isimperative
to understand how this happens. Straser et al. [2016]
and Catadi et a. [2016] confirmed that the seismic
events of strong intensity (M6+) that occur at a global
scale are always preceded by an increase of the proton
density of the solar wind. The same anomalies appear
as intense variations in the geomagnetic field
following an increase in solar activity if they are
observed using a fluxgate magnetometer that
produces magnetograms. They reported [Cataldi et d.,
2016] that considering the time intervals recorded
from January 1, 2012 to April 30, 2016 the 604
seismic events, (USGS data), whereby an average
140.9 hours elapsed between the beginning of the
solar wind proton density increase and the earthquake.
The average tempora difference reported by Straser
et a. [2016] between the maximum intensity of the
electromagnetic anomaly recorded and an M6+ seism
was ~9 hours, while the minimum difference was 1
minute and maximum one was ~37 hours. This well
corresponds to results detected in thisresearch.
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BUABJIEHHA ITPOABIB 3EMIJIETPYCIB YV BAPIAIIAX ITPPOJTHOI'O
EJIEKTPOMATHITHOI'O ITOJIA

Meta. 3araJpHOBIIOMO, IO CHJIBHI 3€MJIETPYCH THIIOBO CYIPOBODKYIOTHCSA TEBHHMH SIBHIIAMH, IO
HaJIeXaTh [0 Bapialii IPUPOAHOro eJEKTPOMArHiTHOro nous. [pyHTyrouuch Ha imei npo MexaHism mitocdepHo-
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aTtmoc(epHo-ioHOC(EepHOi B3aeMofii, MM CIIOJIBAEMOCh BHSBUTU JIESKi INEPElIBICHUKA CHJIBHUX TPHPOIHUX
3eMJIETPYCIB Yy HaOOpax eJIEeKTPOMAarHiTHHX NaHWX, KOTPI PEECTPYBAJIUCh MAarHiTOTEIYPHYHUMH CTaHIiSMH
JIOCUTh JIAJIEKO Bif emineHTpiB. MeToanka. AHalli3yBaluCh 4acoBi 3MiHHM CIIEKTPAIbHOI T'YCTHHH €Heprii B
KOMITOHEHTaX MPHUPOIHOIO €IEKTPOMArHITHOTO MOJIS BIJHOCHO 3eMJIETPYCIB MarHiTy 010 Oibine Hixk 5 (M5+),
KOTpi TpamwBsuIkch 1 'y €Bporti, i Mo BcboMy cBiTy. PesyabraTn. Bapiamii eaekTpudHOro i MarHiTHOro MoJiB
pEeECTpYBAIIUCh Y TPHOX TOYKaX BCTAHOBJICHUX Ha JIBOX JIIHISX: Iepiua Oyia po3TamoBaHa B3I0Bxk 30HH Tecepa-
Topuksicra B [onb1i, a apyra Oyia nepneHAUKYsipHO 10 Hel. CriocTepexeHHs nmpopoamwuch 3 BepecHs 2015 p
nmo kBiTHa 2018 p. Jlani peecTpyBaJuCh 3a JAOIOMOIOI0 CTAHAAPTHUX ITSATH KaHAJBHHX MAarHITOTETYPUYHHX
CTaHIliif, a caMe KOMITOHEHTHM MarHiTHOrO TOJs BHMIpIOBAJHCh B TPhOX OpPTOrOHAJbHUX HANpsIMKax a
ENIEKTPUYHOTO JIMIIE B JBOX OPTOTOHAIBHHX TOPU3OHTAIBHUX. AHANI3YBAJIHCh CHEKTPH KOMITOHEHT
€JIEKTPOMArHITHOTO TIOJISl BiTHOCHO 3€MJIETPYCIB 3 MarHiTyaor M5+, siki Tpamsutick sk y €Bpori Tax i 1o BCii
TuiaHeTi. 3MiHM B IHTEHCHBHOCTI CIIEKTPIiB, KOTPI MOXKYTh OYTH TPaKTOBaHi SIK IIEPEIBICHUKH 3eMJIETPYCIB OyiIH
BumiieHi Binm 24 nmo 32 roawH Tmepex cedcMivuHOW momiero. IIpudywHU Takux eQeKTiB y CTaTTi TeK
obroBoprotothesi. HaykoBa HoBM3HA. ENeKTpoMarHiTHUH MOHITOPUHT THIIOBO TPOBOIUTHCS MOPSI 13
CeiCMIYHO aKTHMBHUMH DPETiOHaMH, ajieé 3TiJIHO TEOPETUYHUX TpPaKTyBaHb, JEsKi SBUIA MAalOTh TJ00aNbHE
MOXOKEeHHsI. MM BUKOpUCTaIX 3BUYaiHi MarHiTOTEypUYHI J[aHi, 3allUCaH] B TOYKaX PO3TAIIOBAHHUX B CEPEIHIX
LIMPOTaX JOCUTH JAJIEKO BiJ| CEHCMIYHO aKTUBHUX DEriOHIB aje MU MPOJEMOHCTPYBAJH, IO Taki Iiio0aibHi
3B'SI3KM MK CEHCMIYHUMH 1 €JIEKTPOMAarHITHUMHU TIOMISIMH 3 BHCOKOIO WMOBIpHICTIO icHytoTh. IIpakTmuHe
3HavyeHHs. [logiOHI pe3yabTaTH MOXKYTh JOMOBHIOBATH 1H(OPMALIIIO PO MEPEeIBICHUKN 3eMJIETPYCIB.
Kniouosi crosa: ipupoiHe eNeKTpOMarHiTHe MoJie; CIIeKTPH; 3eMIIETPYC; TepeaBiCHIUKH
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BBISIBJIEHUE OTIIEYATKOB 3EMJIETPSICEHHI B BAPUALISX ECTECTBEHHOI'O
OJIEKTPOMATHUTHOI'O TTOJIA

Hean. OOmEN3BECTHO, YTO MOUIHBIE 3EMJIETPSICEHHMS TUIMYHO CONPOBOXKIAIOTCS COOTBETCTBYIOIIUMHU
SIBICHUSIMU, OTHOCSIIIIUMHUCS K BapHalMsIM €CTECTBEHHOI'O 3JEKTPOMAarHuTHoro mois. basupysce Ha uaen o0
MeXaHu3Me JUToc(hepHO-aTMOCPEPHO-NOHOCHEPHOrO  B3aUMOJCHCTBHS, MBI HaMepeBaeMcCsl BBIACIUTH
HEKOTOpBIE TPEIBECTHUKH CHUJIBHBIX HAaTypajbHBIX 3EMJIETPSCEHUH B Habopax 3JEKTPOMAarHUTHBIX IaHHBIX,
3apErMCTPUPOBAHHBIX MArHUTOTEIUIYPUYECKUMH CTAaHIMSIMH Ha JOCTATOYHO OOJBIIOM PpACTOSHUH OT
SMUIEHTPOB. MeToanka. AHaNM3MPOBAINCh BPEMEHHBIE W3MEHEHHs CIIEKTPAIbHON IUIOTHOCTH MOIIHOCTH B
KOMITOHEHTaX €CTECTBEHHOI'O 3JIEKTPOMArHUTHOTO IOJISl MO OTHOIIEHUIO K 3EMIIETPSICEHHSM C MarHUTYAOH
6onprre 5 (M5+), koropele mmenu Mecto B EBpome, a Takke mo BceMy mupy. Pesyabrarthl. Bapuarumu
AJIEKTPUYECKOTO U MArHUTHOTO IIOJIEH PErHCTPHPOBAINCH B TPEX TOYKAX, YCTAHOBJICHHBIX HA JABYX JIMHHSX:
TriepBast JIMHUsI TPOXOoMiIa BJoIb 30HbI Tecepa-TopHkBucTa B [losbiie, a Bropas — HEpIeHIUKYISIPHO K IEPBOH.
HaGmonenust nmposomuick ¢ ceHtsiopst 2015 r mo anpens 2018 r. /laHHble perucTpupoBaIUCh MPU ITOMOLIH
CTaHAAPTHBIX IATH KaHAJIBHBIX MAarHUTOTEUTYPHYECKUX CTaHIMH, a MIMEHHO KOMIIOHEHTHI MAarHHTHOTO TOJS
U3MEpSUINCh B TPEX OPTOTOHAIBHBIX HANPABICHUSAX, @ JJIEKTPUYECKOr0 — B JIBYX OPTOTOHBUIBHBIX
TOPU30HTAJIBHBIX. AHAJTM3UPOBAIUCH CIEKTPHl KOMIOHEHT 3JIEKTPOMArHUTHOTO TIIOJSi [0 OTHOLIGHHIO K
3eMJIETPSICEHHSIM C MarHUTy0d M5+, koTopble uMenu MecTo kKak B EBporie, Tak u 1o Bceit uianere. M3MeHeHust
B UHTEHCUBHOCTH CIIEKTPOB, KOTOPbIE MOYKHO HHTEPIIPETHPOBATH KaK IMPEABECTHUKH 3EMIIETPSICCHUH, BUSBIICHBI
or 24 no 32 4JacoB mepej CceCMUYECKHMMHU COOBITUSMH. [IpuumHBI 3THX 3((PEKTOB TaKkKe OOCYKAAIOTCS B
cratbe. Hayunasi HOBH3HA. DJEKTPOMAarHUTHBIH MOHHUTOPHUHI TUIMYHO IMPOBOAMTCS BOJU3U CEHCMHUUYECKH
aKTHBHBIX PETHOHOB, HO COIVIACHO TEOPETHYECKHX TOJKOBAHWH HEKOTOPHIE SIBICHHS HMEIOT III00aTbHOE
npoucxoxaeHne. Mbl HCIIONB30BaIM OOBIKHOBEHHBIE MarHUTOTEILTYPUYECKUE JaHHbBIE, 3aPErUCTPUPOBAHHBIE B
TOYKAaX, PACIOI0KEHBIX B CPEJHUX MIMPOTaX, JOCTATOYHO JAJIEKO OT CECMHYECKU aKTHBHBIX PETHOHOB, HO MBI
MIPOJIEMOHCTPUPOBAJIM, YTO TaKHe TIIOOATBHBIE CBSI3M MEKAY CEHCMHYECKUMH M DJIEKTPOMArHUTHBIMU
COOBITUSIMH C OOJBIION BEPOSTHOCTHIO MMEIOT MecTO ObiTh. I[IpakTHdeckoe 3HaudeHHe. Taxue pe3ylbTaThI
MOT'YT JOMOJIHUTh HH(POPMAIIHIO O MPEIBECTHUKAX 3EMJIETPSICEHUH.

Knouesvle ciosa: eCTECTBEHHOE IEKTPOMATHUTHOE II0JIE; CIIEKTPHI; 3eMIICTPSACEHHE; IPEIBECTHUKY.
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