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Abstract. A potential link between electromagnetic emis- 1.1 West Bohemia earthquake region

sion (EME) and seismic activity (SA) has been the subject of

scientific speculations for a long time. EME versus SA rela- Seismic activity in West Bohemia (hereafter WB) region is
tions obtained during the 2008 earthquake swarm which ocdefinitely the most important seismic phenomenon of the
curred in West Bohemia are presented. First, a brief characCzech Republic. The activity is characterised by a repeated
terisation of the seismic region and then the EME recordingoccurrence of weak earthquake swarms. It was most re-
method and data analysis will be described. No simple direceently affirmed by the 2008 swarm, the strongest one in
link between EME and SA intensity was observed, neverthethe last 3 decades. High activity lasted approximately from
less a deeper statistical analysis indicates: (i) slight increasd0 October to 5 November 2008. More than 20 000 events
of EME activity in the time interval 60 to 30 min before a (Ml > —0.5) were recorded, from which about 100 events
seismic event with prevalent periods about 10 min, (ii) somehad magnitude M- 2.0 (the strongest one with magnitude
gap in EME activity approximate|y 2 h after the event, and Ml = 37) Automatically identified and localized events are
(iii) again a flat maximum about 4 h after the seismic events.depicted in Figs. 1 and 2.

These results qualitatively correspond with the observations The region is monitored by WEBNET seismic network
from other seismically active regions (Fraser-Smith et al.,(Horalek et al., 2000) and the activity is consequently the
1990). The global decrease of EME activity correlating with subject of intensive studies (see among other e.g. Stud. Geo-
the swarm activity decay was also observed. Due to the inPhys. Geod., 2000, 2008, 2009). Current information re-
complete EME data and short observation time, these resultgarding the seismic activity in the region is posted on Web-

are limited in reliability and are indicative only. net (2010) www pages.
In the beginning of modern instrumental investigation,

which can be dated back to the 1985/1986 swarm, the ef-
fort was focused on exclusive seismic monitoring (operating
the network of local seismic stations, data collection, pro-

An earthquake, apparently pure mechanic phenomenon, hdgessing and_ archiving). _In the Igst Qecadg, in additiqn to the
been for a long time suspected to generate not only seijsabove mentioned “chssmql” seismic mpnltprlng, various at-
mic but also electromagnetic waves. An attempt in detect-lMPpts appeared to investigate non-seismic phenomena and
ing electromagnetic phenomena generated by earthquakes fReir relation to the seismic activitgpicak, 2000). As an ex-
West Bohemia earthquake region during an intensive earth@mPple, observations of Gas emanation (e.g. Faber et al.,
quake swarm 2008 will be described. A brief description of 2009), gravimetric measurements (Mrlina and Seidl, 2008;
the earthquake region and the measurement technology (both@mpf, et al., 2008), GPS measurements (Schenk et al.,

seismic and electromagnetic) will be given and, finally, pos-2009), micro-network observation gge and Joswig, 2008).
sible mutual correlations will be discussed. We made an attempt to record the electromagnetic emission

(here after EME) excited by seismic activity.

1 Introduction

Correspondence td®. Kolar
BY (kolar@ig.cas.cz)

Published by Copernicus Publications on behalf of the European Geosciences Union.


http://creativecommons.org/licenses/by/3.0/

94 P. KoFEr: Electro-magnetic emission and seismic activity during West Bohemia 2008 earthquake swarm

/ ©

EeS— S
/AMSTERDAM

VAMSTERDAM \yﬁi

o

BELARUS

w
T

~
T

§°°

<o

S
@%8& % * e

magnitude
-

o
T

-1

_ | . . . . . . . . )
/{\\ M\ 09/25 10/05 10/15 10/25 11/04 1114 11/24 12/04 12/14 12/24 01/03
date [mmydd]

WEN ‘3 Bratislava_/™"
3 wed NS BUDAPEST.
) cHY
REVCHD
TER ;
£ ypeYAR
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earthquakes or EME excited by material destruction during
the earthquake rupture process (Freund et al., 2006; Val-

lianatos et al., 2004).

2 EME observations

The earthquake swarm activity in 2008 (since 10 Octo-
ber 2008) was the final impulse to also install the EME mea-
surement in the West Bohemia region to the ongoing regu-
lar seismic registration. The instrument was installed dur-
ing the course of the 2008 swarm (on 14 October 2008)
Fig. 1. Upper part: Position of West Bohemia region in Central at the seismic station NQ\/KO;IeI (NKC) Sltua.ted dlrectlly
Europe (marked by red arrow). Lower part: A print-screen of inter- in the Ep'cent_ral Zone. ) The lnstrument.conSIStS of coil gn-
active (detailed) “Map of West Bohemia earthquake region”. Theret€nna, amplifier and digitizer. The coil antenna contains
are plotted stations of WEBNET network (symbol house) and 2008about 20 000 turns around permealoid core, frequency range
earthquake swarm epicentres for MIL.8 (red circle). Taken from  of the instrument is about 0.2—-10 Hz with a sampling rate of
Epicentre map (2010). 25 Hz, continuous registration. The antenna is sensitive to H
component of the electromagnetic field. The daily EME data
volumes were regularly downloaded from NKC station.
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1.2 Possible relation between seismic activity and
electromagnetic emission o
3 EME data mining

A relation between seismic activity and electromechanic

phenomena has been referred to in the literature for a lon%rehmlnary visual arjaIyS|s of the recordgd EME showed
time (Eftaxias et al., 2001; Karakelian et al., 2002; Mat- ronounced correlation between EME signal and strong

sushima et al., 2002; Kapiris et al., 2003). Unfortunately, events (i.e. with ME-2.0), about 15 such cases were ob-

these references are either uncertain, unparalleled only (Witﬁ?trr:’ ed during ghe course of meas.l;reme(r;.t - Byco dnlﬁa:”t?]g
no repetition of observation of the phenomenon), observa /!t corresponding seismograms, 1t was discovered that the

tion conditions are insufficiently described or the particular ztrong EME. 5|?naltst§1re te)if”mtlytr? orretlra‘ltedbwm ar&d/or

phenomenon is handled only qualitatively, etc. The effects’ waves alrrlvas a” de“s & |onr,1 us,ﬁ eto” served ?)notrrr:a—
comprise of the lights (St-Laurent et al., 2006; Losseva andIeS are only so cafled “microphone etiects: cause . y the
Nemchikov, 2005), flashes, storms and ionosphere Changégovement of the antenna in the magnetic field (Earth’s mag-

excited by large earthquakes (excitation is supposed to bQetic field possibly distorted by earthquake-initiated move-

transferred via the Earth’s surface vibrated by surface wavesment. of the near metallic parts of the St"%“"” construction).
Guglielmi et al., 2006a,b). Exhaustive review of electric Provided that EME could be connected with earthquake rup-

and magnetic field observations accompanying seismic an&lreihprociss: Vtvr? stackggl E'\QE stlgnalls refl?ztﬁ/ldEto _the Televant
volcanic activity is given in Johnston (1997). Some labo- earthquakes. the considered Intervais o signais were

ratory experiments have also been performed (T. Liokgj centred” around their origin times.

personal communication, 1998). There are also SpeCUIaéumEME:_d, i = Z EME(70,—dr. 70,-+dt 1)
tions about the existence of electromagnetic precursors to 0 T it 1O
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Fig. 3. Wavelet spectrum of summed EME signal (minute averages %
of time series are used) in rande=+ 10 h round the origin time. £ ©
47 events (with Mk 1.8) were processed. Algorithm designed by § R
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cyan lines determine zones of spectrum reliability, extremes with oo Averagesionals
statistical significance 0.95 are marked by black lines. Increase Lot e A s bbesssth M
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where sumEME is the final stacked signal of length
2xdt TO; is the origin time ofi-th event (=1: N), Time ffom event origin (hours]
EME(r0i—d:, Toi+dr) iS the particular interval of EME signal

from time 70; —dt time to 70, +dt. Neither stacked signal, Fig. 4. Exclamatipn of “microphone effept". Wavelet spectra (from
nor its spectral or wavelet analysis showed any (positive) corih€ top) of velocity energy releaga), seismogramgn) and EME
relations or anomalies. The range of stacked EME sigaitals signal (c) (t.he same as in F|g. 3) are PIOttEd‘ At the bottom there
varied from 5 to 50, again only events with MP.0 were are normalized processed signals (e): red — energy release, blue —

d isel i b d EME, black — seismogram, and their avera@g@smeaning of the
processed. More precisely, some anomalies were observe Blours is the same as {e) — i.e. input data for wavelet analysis.

Wayelet spectra, butthey app.e.ared to be unstaliteniferval e energy release and seismograms have maxima round the origin
varied. Therefore, we classified those extremes as randofime (time = 0) as it can be expected and there is no correlation with

artifacts, rather than real effects. Consequently, we concludextremes observed in EME signal. Therefore, we concluded that ex-
that we did not observe any direct correlation between EMEtremes observed in EME signal are not caused by any “microphone
signal and seismic events. effect” provoked by arriving seismic waves at the station.

3.1 Data stacking event with a prevalent period of about 16 min. The stability

Wi lied th hof G idi L (2009) in ord of this maximum was tested and confirmed by Bootstrap test.
e applied the approach of Georgiadis et al. ( ) in order As far as some anomalies were observed in wavelet spec-

to further exploit EMF ((jjata stat|st|cs:h_d?]tg IS trfansforEegtra of the stacked signal, we wanted to be sure they were not
into one minute amplitude average, which is, In fact, a kin again a “microphone effects”. It could be the case, e.g. if

of data filtration and decimation. Even if data of different fre- there is some prevailing period of event repetition during the
quency range (20 MHz sampling) are processes in the qlJOte1510urse of the swarm. To test this hypothesis, we constructed
work, we applied the same processing Cham_ in our datase nother two stacked signal: (i) we stacked seismic signals
as W?"' Then we made a summation again given by Eq. (1)(he same way as EME signals. We used broadband seismic
cons@e_rlng_ume rangét was: 10 h: The fln_al wa\{elet Spec- recordings from station NgvKostel for this analysis (sam-
trum is in Fig. 3. It follows that: (i) there is an increase of pling frequency of seismic signal was 20 Hz which is close to

EME activity |fn the fumg window ffoh”” to (.)h befqre ﬂ}e that of EME— 25 Hz). The corresponding wavelet spectrum
occurrence of a seismic event with a maximum time fromi< iy the Fig. 4bZ component of seismogram was used.
—1 to —0.5h before an event; prevalent period of the max-

. is ab 10min. N hat thi ) . (i) We supposed that EME anomalies could be the ef-
imum is about 10min. Note that this maximum IS gener- ¢+ "ot \veek but numerous swarm events. Therefore, we

ated preferably by events with a magr_litude of.abouN\.ZI.O onstructed a cumulative graph of energy release. All bul-
rather than by the stronger events (this effect is notdlsplaye(?etin events (WEBNET 2008, 2010) were included using
in the figure). (ii) There is a gap of EME in the time window standard equation

from +1 to +2 h after the seismic event. (iii) Finally, there is
a pronounced maximum in time of about +4 h after a seismiclog £ = 1.5 M|l + 118 2)

www.solid-earth.net/1/93/2010/ Solid Earth, 1, 982010
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i.e. Gutenberg-Richter magnitude-energy relation was used. ¢
These values are growing in time and its time derivative too.
Therefore, we calculated second time derivative to obtain an
oscillatory signal. In such a way we obtained the change of
energy release velocity (or, figuratively, we can also speak
about “energy acceleration”). Then the values were interpo- &
lated with an equidistant time step and processed in the same °
way as EME signal. The wavelet analysis of that signal is
in Fig. 4a. Neither analysis of the seismic signal nor the ve-
IOCity of energy release showed a correlation to the stacked oz omioos omions ownozs oeivos oeiuis oeizs oeizos o1z oB1z2e 0OLO3
. date [yy/mm/dd]

EME signal extremes. We, therefore, concluded, as follows
from the Fig. 4, that observed EME anomalies are not causegtig. 5. pecrease of EME activity during the swarm course: the
by “microphone effect” nor by a cumulating effect of numer- same as Fig. 2, but STA/LTA ratio of averaged EME signal is added
ous week events and, thus, we observed actual changes @lue line). The decrease of STA/LTA EME signal picks with the
EME. decrease of the swarm activity is obvious. To exclude possible in-

Note that microphone effect connected with and/or fluence of global sources of extremes, data from Budkov station are
S waves arrivals, mentioned in the beginning of Sect. 3, canJlotted (green line).
not be visible here. The duration of the microphone pulse is
only a few seconds, which is far below the resolution limit of
wavelet spectra having a sampling period of 1 min.
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1
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4  Conclusions

We started measurements of electromagnetic emission
(EME) in the West Bohemia earthquake region and recorded

In the next analysis, we calculated STA/LTA rdtiof EME data during part of the 2008 seismic swarm. It is a new non-
for the whole swarm (approx. 3 months) and compared itS€iSmic measurement in the region.
with the swarm earthquake activity — see Fig. 5. The time Data analysis showed:
windows of STA=10 samples and LTA =100 samples were
used. It is obvious from the figure, that the frequency of
STA/LTA picks generally decreases with the swarm activity
decay.

Extremes in STA/LTA ratio correspond to the presence of

3.2 Global trend

— there is no direct correlation between earthquake occur-
rence and EME anomalies

statistical increase of EME activity from time3 to
0 h before the seismic event with the maximum in time

a signal in the EME data, nevertheless the origin of these
signals is unknown. We can only speculate that it can be
somehow connected to the course of the earthquake swarm
activity. We tried to eliminate the influence of global or iono-
spheric effects in the following way: we processed magnetic
measurements (of 1s sampling) from the geomagnetic ob-
servatory Budkov (located approx. 170 km ES from the Nov
Kostel station). The Budkov data were processed in the same
way as our EME data, the result is presented in Fig. 5. It
follows from the figure, that extremes observed at NKC sta-
tion do not coincide with those at Budkov, therefore, they are
not of global or ionospheric origin. Of course this analysis
can neither confirm nor reject “earthquake” origin of the ob-
served extremes. There is still a possibility they are generated
by local industry, namely by mining brown coal in quarries
and the decrease of activity can be the consequence, e.g. by

—1 to —0.5h with prevalent periods about 10 min was
observed

— statistical gap of EME activity in time +1 to +2 h after
the seismic event exist

statistical maximum of EME activity in time +4 h af-
ter the seismic event exist with prevalent period about
16 min

possibility of extremes caused by “microphone effect”
were practically excluded

— decrease of picks of STA/LTA ratio of EME signal dur-
ing the swarm course were observed; even if the source
of the abnormalities in EME signal is rather question-
able, they do not seem to be of global origin

the decrease of mine activity during winter time and/or by On the basis of previous |ab0ratory experiments (T
the end of the year. Lokajicek, personal communication, 1998), we can specu-
late that the increase of EME activity before a stronger event
can be a preparation phase of the process. The after event

1 STA/LTA — ratio of Short Time Average/Long Time Average

— a standard way used in seismology to detect the occurrence of a . .
. ) ) . . , gap can be a quiet phase of the relaxation. We have no such
signal in (noisy) seismogram. The algorithm can deal with a slow

increase/decrease of noise levels in the signal. On the other handYPOthesis for the EME activity maximum after the seismic
in its simplest form it cannot handle together with different types of €V€Nnt and its explication needs new formulation of prepara-
signals as e.g. teleseismic events versus local ones. tion and healing of the earthquake process.

Solid Earth, 1, 9398, 2010 www.solid-earth.net/1/93/2010/
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