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Abstract. A method for detecting seismomagnetic signals Kushwah et al., 2009). This frequency range is of practical
is presented. This work presents evidence of geomagnetigsnportance in relation with EQ activity, since these waves
perturbations associated with three earthquakes (EQs) thatre able to propagate easily on the Earth’s surface where a
occurred in Mexico within a distance gf=(1.8) 1#4°M,  ULF sensor is installed (Ida et al., 2008).

where M is the magnitude of the EQ, during the year 2010. The serious problem regarding these seismogenic ULF
An improved statistical analysis in relation with the polariza- emissions is the detection of these weak signals. Different
tion analysis (as the ratio of vertical magnetic field compo- methods of analysis have been developed: polarization anal-
nent to the horizontal one) has been developed. The variatiogsis by means of the ratio of vertical magnetic field compo-
index (&) shows important differences one day before andnent to the horizontal (Hayakawa et al., 1996), fractal anal-
one day after the EQs (magnitudes considered are from 6 tgsis (mono- and multi-) (Hayakawa et al., 1999; Gotoh et
7.2). al., 2004; Smirnova et al., 2004; Ida et al., 2005; Ida and
Hayakawa, 2006; Kotsarenko et al., 2004, 2005, 2007), prin-
cipal component analysis (Gotoh et al., 2002; Hattori et al.,
2004; Kotsarenko et al., 2005), and singular value decompo-
sition (Hattori et al., 2006), among others.

Evidence of electromagnetic emission at several frequen- All the aforementioned methods are applied to improve
cies associated with EQs has been accumulated over thRoth the detection of the ULF signals associated with seismo-
years (e.g., Hayakawa and Molchanov, 2002; Molchanovd€hic phenomena at different frequencies (Haya!<awa et al.,
and Hayakawa, 2008). The presence of strong interference?008), and the understanding of electromagnetic phenom-
hampers the accumulation of the experimental data to tesgn@ associated with tectonic and volcanic activity (Currenti
existing ideas on the mechano-electromagnetic conversiofit @ 2005a, b). In this paper, a simple polarization anal-
in the Earth’s crust (Guglielmi et al., 2006). In addition, YSiS which is the simplest analysis method has been used.
many authors perform the signal processing in a wide fre-But we have looked into the problem variation in order to
quency ranges reporting geomagnetic perturbations related t"Prove the statistical method. This improved polarizations
EQs. Such anomalies have been reported for several decadglistical method was applied to the ULF data observed in
(Parrot and Johnston, 1989; Johnston, 1997; Kushwah gylexico during the year 2010. We found a significant corre-
al.. 2009 Telesca and Hattori. 2007: Telesca et al. 2008)[ation in the data obtained for three EQs in Mexico near the
Seismogenic phenomena in the ULF (ultra low frequency)observing station, vyi_thin. the earthquakfa radius preparation
range, with frequency from 0.005 to 1 Hz (Kopytenko et al., Z0n€ ), as a modification of the previously stated equa-
1993) related with EQs has been studied since Fraser-SmitHion proposed by Dobrovolslllg\//let al. (1979) and Dobrobolsky
etal. (1990) and a number of papers have been published ot1993b), where = (1.8) 1045M, where M is the magnitude
this topic after that (Smirnova et al., 2004; Serita et al., 2005:0 the EQ (Fig. 1). Finally, the results obtained in this pa-

per would be compared with earlier results obtained with the
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wavelet method (Chavez et al., 2010).
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Fig. 1. The relative location of the geomagnetic observatory, Juriquilla (JU2) and three EQs (indicated by black stars) occurring during the
year 2010.

2 ULF geomagnetic data and EQs mogenic emissions (lda et al., 2008), while the geomagnetic
field variation are found to show smaller values (Hayakawa
ULF geomagnetic data is obtained at an observatory nameet al., 1996),

Juriquilla (JU2) (geographic coordinates-100.45 N, ] . ]
20.70 E) as in Fig. 1. At this field site we observe three geo-  1he time series of the ULF data was processed to obtain

magnetic componentgl: N-S componentp: E-W compo- the polarization signalg/H andZ/D from the three geomag-
nent, andZ: vertical component) by means of fluxgate sen- Netic components{, D, andZ as was previously reported

sors. The sampling frequency is 1 Hz. The analysis focused !da et al. (2008). Furthermore, the Fast Fourier Trans-
on three rather big EQs (with magnitude greater than 6_0)form (FFT) is performed to the polarization signals to obtain

within a distance to the station pf= (1.8) 14M, where M the power spectrum. Figure 2 shows three ratio signals corre-
is the magnitude of the EQ. All the events occurred duringSPonding to the FFT spectra of each one of the three seismic
the year 2010. The first EQ took place on 4 April, the secondevents. This was performed in order to analyze the compo-
on 30 June, and the third on 10 August. The characteristic§€Nts of the frequency previously associated to seismogenic
of the EQs are presented in Table 1. The distance betweel/-F emissions (Hayakawa et al., 2007). It can be observed
the EQs and the geomagnetic observatory is consistent witf'at FFT spectrum is not adequate to show significant dif-
that considered in a previous study (Chavez et al., 2010). iferences or common patterns between the three FFT spectra.

such study the perturbations associated with the magnitudE©" that reason, a Discrete Wavelet Transform (DWT) anal-
of the EQs could be observed. ysis was used to analyze the three ratio signals. This type

of analysis was selected due to its time-frequency decom-

position capabilities. This methodology has been previously
3 Signal analysis reported for co-seismic event detectiondn D, andZ com-

ponents (Chavez et al., 2010). For this study, six DWT levels
The polarization method developed by Hayakawa etwere analyzed using a wavelet mother function Daubechies
al. (1996) is based on the measurement of the ratio of spect (DB1), but we present only the D6 for comparative reasons
tral power of the vertical magnetic fiel&] to the horizon-  (see Fig. 2). Table 2 shows the frequency bands correspond-
tal magnetic fields ¥ and D) (i.e., Z/H or Z/D). This ratio  ing to each DWT analysis level for signals that were sampled
is known to provide information of related variations of the at a frequency of 1 Hz. The first event is presented in blue,
geomagnetic field of ionospheric origin (or solar-terrestrial the second in red, and the third in green (see Table 1).. Some
effect) or seismic origin (Ida et al., 2008). Generally speak-frequency activity can be inferred from highest observable
ing, the polarization ratio becomes larger when there are seisamplitude during the D6 level of the DWT decomposition at
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Table 1. Earthquakes occurring in Mexico during 2010 (magnitude greater than 6) selected for this analysis. Year/month/day/hour/min
are: the exact time of the EQ (Local Time); Latitude and Longitude: the geographic coordinates of the epicenter; Magnitudes and Depth:
magnitude and depth of the EQ; Distance: the distance between the epicenter and Juriquillgestédtéoradius of the EQ preparation zone
estimated by the proposed equation. The EQ magnitudes are presented in bold.

Event Year Month Day Hour Min Longitude Latitude Magnitude, M Depth, km Distance, km p, km Distanced

1 2010 4 4 17 40 —-115.36 32.54 7.2 10 1974 2245 0.87
2 2010 6 30 2 22  —-98.03 16.22 6.0 8 563 684 0.82
3 2010 8 23 21 11 -107.23 18.44 6.1 10 751 755 1.00
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Fig. 2. Geomagnetic data analyzed: The first event is presented in blue, the second in red, and the third in green. The FFT analysis does
not show important peaks. Included is a Discrete Wavelet Transform (DWT) af/gth@ndZ/D ratio in a superposed analysis in the ULF
frequency rangg’ =0.0078125 to 0.015625 Hz. The main seismic shocks are shown with arrows.

the start of the signals followed by amplitude suppression peit can be observed that important amplitudes in each level are
riods. The aforementioned behaviour is common to the thregoresent. The values &/H andZ/D are computed as repre-
analyzed seismic events. There are some important peaksenting the daily data. This process implies that the distance
during the EQs in different frequency ranges, e.g., for theof analysis is directly associated to the magnitude of the EQ.
three EQs we have significant increases from the D2 to the

D6 (0.0078125-0.25Hz). Those results can be associated

with the distance and the magnitude of the EQs.

. . 4 Observation results
Furthermore, Fig. 2 also shows the corresponding DWT

decomposition for the signalg/D ratio, where the middle Animproved variation index method is proposed herein. The
cluster during the day is the principal perturbation. Howeversuperposed epoch analysis was performed over the basis of 5
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Table 2. DWT decomposition bandwidths in Hz for a sampling 10— a
frequencyfs =1 Hz.

1.041

1.041

Level Approximation (An) Detail (Dn)

1.040

1  0t00.25Hz 0.25 t0 0.5 Hz

2  0t00.125Hz 0.125 to 0.25 Hz
3  0t00.0625Hz 0.0625 to 0.125 Hz s
4  0t00.03125Hz 0.03125 to 0.0625 Hz 3

5  01t00.015625Hz 0.015625 to 0.03125 Hz £
6 0t00.0078125Hz  0.0078125 to 0.015625 Hz
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Fig. 4. Map showing the time series of the analysis for the first
second evenZ/H andZ/D top right and left, respectively. At the

015 bottom, the variation index fat/H (left), and forZ/D (right). There
are no data in the white areas.

Time (days)

the standard deviation of the same compomneatio over the
whole period.
Figures 3, 4 and 5 illustrate the temporal evolution of the
analysis Z/D and Z/H) during the period of 5 days before

5 10 15 20

Time (b Time (hr) and 5 days after the EQs (see Table 1). The day of each
_ _ _ _ _ ~ EQs occurrence is during the 5th day, and its specific time
Fig. 3. Map showing the time series of the analysis for the first j5 shown in Table 1. Figure 3 shows the corresponding anal-

eventZ/H (top right), andz/D (top left). At the bottom, the variation

) i ysis (on top) and the variation index obtained for the first
index forZ/H (left), and forZ/D (right).

event. Important increments on the variation index are ob-
served 7 h before and almost 12 h after the event. Also it

o _is observed that these variations are observed only around
days before and 5 days after the EQ. The variation index I$ay 5. Figure 4 shows this same analysis, but in this case

defined by, the white areas indicate the periods where data could not be
o recorded due to some problems of the ULF system. How-
Sa=— (1) ever, 24h before and 24 h after the main shock an impor-

tant increase in the variation index was observed. The in-
where g is the variation index considering a mean period crement variation index is mainly associated to #1B ra-
of ten days and for the ratio ( =Z/H and Z/D), x is the  tio. The Z/H ratio has similar changes as those observed
average of the componehbver the whole period, ang is in Fig. 4, where a sudden decrease on this value previous
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Fig. 5. Map showing the time series of: The analysis for the third 408
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to the main shocks is shown. In the last figure, important
increases in the variation index are observed almost 30 IFig. 6. Dst Index obtained from Kyoto observatory web page cor-
before and 10h after the EQ. Figure 6 shows certain en+esponding with the 3 EQs analyzed. The period of time presented
hancement in theZ/H and Z/D plots just before, during, is 10 days.
and after the EQs and also shows significant increments in
the variation index. The data was compared with the geo-
magnetic activity expressed by the Dst index (data obtaineds Conclusions
from http://wdc.kugi.kyoto-u.ac.jp/dstd)rivhere those in-
dices apparently had no correlation with EQs variation index
(see Fig. 5).

The increase in the polarization and the variation index re
sulted not only from the increase #1H, but also from the
increase and decrease 4/D. These figures show a signif-

There are seismo-magnetic signals related to EQs disturbing
the electromagnetic field. The principal problem of the sig-
“nal detection is the discrimination of the background noise.
For that reason, the use of the DWT at different levels is
proposed. Additionally, an improved statistical polarization

icant increase of the variation index occurs before, during : : .
o o 'analysis method has been applied to the ULF geomagnetic
and after the EQs. The indices of Dst and Kp did not ShOWdata at Juriquilla station in Mexico. The three geomagnetic

important changes during this period. This indicates that thef'eld components recorded behave in different ways; for that

p(_)tlr?nzatlon and trflelzzstansTt;]ca!d?nalyl/:_as are cllose(;y ashs_g_(t: "'i_tef;season a general variation index is used to estimate the per-
with occurrence of EQs. The three EQs analyzed exhibi S'9%urbations for each polarization during the whole period. By

nificant changes. using the variation index, it is found that the polarization ratio
between the vertical and the horizontal magnetic field com-
ponents Z/H, Z/D) at different levels (see Table 2) exhibits
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http://wdc.kugi.kyoto-u.ac.jp/dstdir/

2026 O. Chavez et al.: Detection of electromagnetic anomalies of three earthquakes in Mexico

significant clusters during the day of analysis. An increaseHattori, K., Serita, A., Yoshino, C., Hayakawa, M., and Isezaki, N.;
in the variation index value, with the maximum value a few  Singular spectral analysis and principal component analysis for
hours before and after the EQs, are observed. The applica- signal discrimination of ULF geomagnetic data associated with
tion of a DWT filter using different levels in order to obtain 2000 Izu Island earthquake swarm, Phys. Chem. Earth, 31, 281
frequency components that correspond to associated seismic 291, 2006. .
anomalies shows that there are not predetermined favorabld®yakawa, M., Kawate, R., Molchanov, O. A., and Yumoto, K. Re-

. . . sults of ultra-low-frequency magnetic field measurements during
frequ_ency ranges — appare_ntly it depends on the dlrectlor_L the Guam earthquake of 8 August 1993, Geophys. Res. Lett.,
the distance, and Fhe magnitude of each. EQ anglyzed. Thls 26(18), 2797-2800, 1996.
kind of ULF lead time seems to be consistent with a previ- jayakawa, M., Ito, T., and Smirnova, N.: Fractal analysis of ULF
ous work by Chavez et al. (2010). The epicentral distance of geomagnetic data associated with the Guam earthquake on 8 Au-
these three superficial EQs varies from 563 to 1974 km. gust 1993, Geophys. Res. Lett., 26, 18, 2797—-2800, 1999.
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