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Abstract. Hayakawa et al. (2009) and Hayakawa (2011) 2010, 2011). Hayakawa (2011) affirms thttére is no guar-
have recently reviewed some “anomalous” ULF signaturesantee that the conclusions of those papers are fidit, as |

in the geomagnetic field which previous publications haveknow, till now no rebuttal of these papers has been published.
claimed to be earthquake precursors. The motivation of thidn addition, Masci (2010, 2011) criticizes the methodology
review is“to offer a further support to the definite presence used in previous research, maintaining that relating the ULF
of those anomalies” Here, these ULF precursors are re- “anomalies” with the seismic events is fairly incorrect with-
viewed once again. This brief communication shows thatout properly taking into account the global geomagnetic ac-
the reviewed anomalies do nointrease the credibility on  tivity behaviour. In order to exclude the influence of magne-
the presence of electromagnetic phenomena associated wittospheric signals, several authors point out that the claimed
an earthquakésince these anomalous signals are actuallyseismogenic anomalies took place during periods character-
caused by normal geomagnetic activity. Furthermore, somézed by low geomagnetic activity levels, that is, during peri-
of these ULF precursors have just been rebutted by previousds characterized by small values of the global geomagnetic
publications. indices. According to Masci (2010, 2011), thisis anincorrect
assumption because the variation of the geomagnetic activity,
which induces changes in several geomagnetic parameters,
must be properly taken into account.

Several publications (see Saito, 1969 and references

Several publications report the observation of anomalougherein) show that the amplitude of ULF geomagnetic field
ULF magnetic signals which are claimed to be earthquakecontinuous micropulsations (PCs) has a clear positive corre-
precursors. At present, there are many uncertainties on thefPondence with Kp index (and then also with its daily sum
reliability because no firm evidence of correlation between_Kp) which is representative of average disturbances of the
these magnetic signatures and seismic events really existflanetary geomagnetic field. This positive relation is evident
Obviously, it's likely that an anomalous variation of a geo- Mainly in PG, PG and PG frequency bands. Note that the
magnetic field parameter can happen during the period bemajority of ULF seismogenic signals are mainly observed in
fore the occurrence of an earthquake, but retrospectively rethese frequency bands. Therefore, if we demonstrate a close
lating these variations to seismic events without further val-correspondence between the time-series of a ULF geomag-
idations in other geophysical data is just an oversimplifiednetic field parameter and a global geomagnetic index, we can
conclusion. Some authors have recently put into doubt theaffirm that the changes of this parameter are mainly caused
authenticity of well-known ULF magnetic seismogenic pre- by the variation of the geomagnetic activity. On the con-
cursors, maintaining that the claimed anomalies could actutrary, since the global geomagnetic indices are representative
ally be caused by instrumentation malfunction (Thomas etof the geomagnetic field average disturbances over planetary
al., 2009a), or that they are generated by normal geomagscale it is impossible that a geomagnetic field parameter al-

netic activity (Campbell, 2009; Thomas et al., 2009b; Masci, ways shows the same features of the geomagnetic indices,
otherwise the parameter time-series should be the same in all
the observation sites. Namely, the majority of ULF signals

Correspondence td¥. Masci are external signals generated in the interplanetary space and
BY (fabrizio.masci@ingv.it) in the magnetosphere by different sources; each source gives
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Fig. 1. Lunar phase analysis for the 2000 Izu swarm as reported by Hayakawa et al. (2011) (a reproduction of Hayakawa et al., 2011, Fig. 2).
Upper panel: third PCA eigenvalug of geomagnetic field component H at the frequency of 10 mHz. Lower panel: Ap index time-series.

In the upper panel the thick black line represents the envelope cuivepafaks as reported in the original figure, whereas in the lower panel

the thick red line has been added onto the original view and refers to the envelope curve of Ap peaks. Blue arrows are also added to better
highlight the inverse correspondence existing between the variations of the two envelope curves in the majority of the periods delimited by
vertical dotted green lines. See text for details.

its contribution, at different frequencies inside the ULF band,2.1 1zu 2000: effect of Earth’s tides
to the signals observed on the ground. Some of these signals

have a worIdW|_de extension, whereas others have latitude derpe first example reported by H11 regards possible ULF seis-
pendence (Saito, 1969). Thus, we should not expect that §,qgenic signals caused by the effect of Earth’s tides. Several
strict correspondence between a geomagnetic field ULF pagplications (e.g. Tanaka et al., 2004; Tanaka, 2010) show
rameter and geomagnetic indices will always exist. On theye existence of correlation between Earth's tides and the
other hand, a close correspondence between the ULF parang, thquakes occurrence, maintaining that the small change
eter changes and the variations of the geomagnetic indicegs ine stress caused by Earth’s tides may trigger a seismic
point out that these changes are caused by signals having €xyent. The authors also point out that this phenomenon is

ternal origin (variation of the geomagnetic activity) and not qre evident when the tidal stress acts in the same direction
due to signals possibly generated by sources located insidgg ne |ocal tectonic stress.

the Earth. In light of this, in attempting to resolve the prob-
lem of clearly identifying reliable earthquake precursors, a
closer inspection concerning the presence of seismogeni
signals in geophysical data sets is required.

HO9 have recently investigated the effect of the Earth’s
H’des on seismo-electromagnetic phenomena. The authors
maintain that, in the case of large earthquakes, a modulation
with a period close to the lunar mon#¥29.5 days) should be
found in seismo-electromagnetic data before the earthquake
2 Comments on possible ULF seismo-magnetic date. According to the authors, this modulation could be rea-

phenomena sonably considered as the effect of the Earth’s tides. More

precisely, they maintain that a specific position of the Earth’s

Hayakawa (2011) and Hayakawa et al. (2009), hereaftemoon with respect to the fault slipping direction might trig-
cited as H11 and HO9, to further confirm the observationger seismic events, which consequently might generate elec-
of seismo-electromagnetic phenomena, review some possiromagnetic signals. Thus, we might find seismogenic emis-
ble magnetic ULF precursors which previous publicationssions in correspondence of the same lunar phase. Figure 1
have claimed to be related to incoming earthquakes. shows the possible effect of lunar tidal modulation on ULF
emissions for the case of the seismic swarm occurred at Izu
Islands between June and September 2000 (five strong earth-
quakes: 1 Juhw =6.4, 9 JulyM =6.1, 15 JulyM =6.3,
30 July M = 6.4, and 18 AugusiM = 6.0) as reported by
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Fig. 2. (a)Lunar phase analysis for the Guam polarization ratid as reported by Hayakawa et al., (2009) (a reproduction of Hayakawa et
al., 2009, Fig. 3)(b) ULF polarization ratiaZ/H (5-day running average) as reported by Thomas et al. (2009b); the 5-day running average
(blue line) and the 6th order polynomial fitting (green line)sikp are shown as well(c) Residual of the linear relationship between the
Z/H ratio shown in panglb) and ZKp as reported by Masci (2011) (a reproduction of Masci, 2011, Fig. 1). See Thomas et al. (2009b) and
Masci (2011) for details.

H11 and previously published by Gotoh et al. (2002). Go-show a similar behaviour, thus they assume thai.ghtéme-

toh et al. (2002) performed Principal Component Analysisseries is not influenced by geomagnetic activity. However,
(PCA) on the ULF geomagnetic field horizontal componentwe can also apply the simple methodology of H11 to the ge-
H measured at three closely separate® km) stations lo-  omagnetic index time-series by drawing the envelope curves
cated about 80 km away from the epicentre area. The authorsonnecting Ap peaks. Red spline curves, which represent the
maintain that the smallest PCA eigenvalugmight include  envelopes of Ap peaks, have been added to Fig. 1. Vertical
seismogenic signatures. On the contrary, according to thelotted green lines and blue arrows are also added to the orig-
authors, the 1st() and the 2ndX>) eigenvalues are respec- inal view to better highlight changes of the trend (increase or
tively related to geomagnetic activity and to the man-madedecrease) of the envelope curves in different periods. As a
noise. Figure 1 showss time-series calculated by Gotoh matter of fact, we can note that the envelope curvegaind

et al. (2002) at 10mHz. According to HO9, since the first Ap show a negative correspondence; more precisely on aver-
strong earthquake of the swarm occurred on 1 July in correage,A3 decreases (increases) when Ap increases (decreases).
spondence of N-1d (new moon minus 1 day) phase, we musthe negative correspondence is evident in the majority of the
find seismogenic emissions in correspondence to the samgeriods delimited by vertical dotted green lines; the corre-
lunar phase, that is when the tidal stress should be added tepondence fails only during very few periods. In any case,
the tectonic stress. In Fig. 1 the days corresponding to the Nthe selection of the peaks used to draw the envelope curves
1d lunar phase are marked byl m (m=Ilunar month)—2, could influence their shape. For example, Fig. 4 by HO9 and
—3, —4, and—>5. According to H093 shows a fluctuating  Fig. 2 by H11 show the samig; time-series, but the enve-
pattern synchronized with the lunar phase (N-1d); this mod-ope curves of.3 peaks are different. Therefore, it is obvious
ulation has been further highlighted by drawing the envelopethat the correspondence betwégrand Ap could sometimes
curves connectingiz peaks. The authors also point out that fail. However, the negative correspondence betwegand

the geomagnetic Ap index (lower panel of Fig. 1) does notAp could suggest the existence of a possible relation between
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A3 and the global geomagnetic activity. Hattori et al. (2004) der to display that a close negative (consider HiKp ver-
performed detailed PCA analysis of the geomagnetic field Htical axis is descending) correspondence betwa#hand
component during the period of the 1zu swarm. The authorszKp really exists. The authors concluded that no clear seis-
maintain that the possible earthquake-related signals are exnogenic signatures have been highlighted in Guam data be-
pected to be hidden ihz. They concluded that: (1}; is cause th&/H increase, which occurs before the earthquake,
related to signal caused by solar-terrestrial interaction;£2) is part of normal global geomagnetic activity. The negative
is a combination of man-made signals and earthquake-relatedorrespondence betwegfH and~Kp may be explained by
signals, even if the influence of artificial signal is more in- considering that on average, when the geomagnetic activity
tense; and (3)3 is a combination of artificial signals and decreases, the reduction of the geomagnetic field horizon-
earthquake-related signals as well. In my opinion, Hattori ettal component H is larger than the reduction of the vertical
al. (2004) conclusions suggest thatcould also be contami- component Z, therefore the polarization ratio increases. On
nated by magnetospheric signals. Unfortunately, the authorghe contrary, an increase of the geomagnetic activity causes
do not investigate in depth this possibility, even when theyan increase in the geomagnetic field horizontal component H
affirm that 3 variations cannot be seen in Ap index time- larger than the increase of the vertical component Z, there-
series. That is, the authors pointed out thapeaks are not  fore the polarization ratio decreases.

positive correlated with Ap peaks, but they do not consider a To further support previous mentioned conclusions,
possible negative correlation betweenand Ap. In light of  Masci (2011) draws out the Guam polarization ratio data by
this, A3 increases before the Izu swarm cannot be undoubtdigitalizing the figure of Thomas et al. (here panel (b) of
edly considered as reliable precursors of the incoming earthFig. 2) in order to calculate the linear relationship between
quakes, and relating these increases with the lunar phase &H andXKp time-series. The relationship i&/H = —0.083

an oversimplified conclusion. xZKp +0.57. The panel (c) of Fig. 2 shows the linear resid-
ual time-series. Actually, we can see that the residual time-

2.2 Guam 1993: ULF polarization ratio and effect series is on average flat and does not show any anomalous
of Earth’s tides signature which could be related to the seismic activity of

the Guam area. In conclusion, it is clearly evident that in
Another example of possible correlation between Earth'sthe period before the earthquake occurrence, the variations
tides and possible ULF seismogenic emission has been resf Z/H at Guam are mainly caused by changes of the global
ported by HO9 for the 8 August 199%® = 8 earthquake in  geomagnetic activity. Therefore, appeals to a seismogenic
Guam. The panel (a) of Fig. 2 shows the lunar phase analysisrigin are rather dubious. In additio®@;Kp 5-day running
for the polarization ratic / H as calculated by Hayakawa et average shows that all the principal maximaZ#fi can be
al. (1996) in the frequency band [0.01-0.05]Hz. Hayakawadoubtless associated with the geomagnetic activity. At this
et al. (1996) maintain that/H time-series shows an anoma- point, if we refer to theZ/H time-series reported in panel (b)
lous increase during the period before the earthquake datef Fig. 2, in which red vertical lines refer to the LQ-3d lunar
According to the authors, this increase is strong evidence ophases, we can note that there is no correspondence between
magnetic precursory signals caused by the earthquake prep@/H maxima and the lunar phases contrary to HO9 claims.
ration process. In addition to the conclusions of Hayakawa eOn the contrary, LQ-3d lunar phases seem to be in synchro-
al. (1996), H09 also maintain that the Gudift ratio shows  nism withZ/H minima, but in my opinion this is just a chance
a clear modulation synchronized with the lunar phase LQ-event because the modulation of the r&i#l is due to the
3d (Last Quarter minus 3 days). In Fig. 2, the days cor-Sun’s rotation around its axis: bofYH and ZKp show a
responding to the LQ-3d lunar phase are marked-tiym, ~27-day modulation. In conclusion, no correlation between
—2, —3, and—4. The author points out th@/H shows ev-  Z/H increases and Earth’s tides may be undoubtedly stated.
ident increases at the same lunar phase one mesthm
and two months-2) before the earthquake date. They con-2.3 Guam 1993: ULF fractal analysis
cluded: “ULF geomagnetic anomalies are found to show a
maximum-minimum-maximum pattern in synchronism withH11 also maintains thasbme other useful information em-
the lunar phase of the EQ during several months before itshedded in the time-series data can be extracted from the
occurrence”. Actually, Thomas et al. (2009b) have put into slope of fluctuation spectra or fractal analysis"The au-
serious doubt the reliability of Hayakawa et al. (1996) con- thor reviewed the conclusions of Ida and Hayakawa (2006),
clusions by performing new analysis of Guam geomagnetiovhich maintain that the fractal dimension D (which is re-
field data. They found analysis problems in Hayakawa etlated to the ULF spectrum slope, or spectral inggxof the
al. (1996). Masci (2011) confirms the conclusion of Thomasgeomagnetic field H component shows a gradual increase
et al. (2009b). The panel (b) of Fig. 2 shows the polarizationduring the period before the 1993 Guam earthquake. Fig-
analysis performed by Thomas et al. (2009b); Masci (2011)ure 3 shows D and Ap index time-series during 1993, as re-
plots onto the original view the 5-day running average andported by H11 and previously by Ida and Hayakawa (2006).
the 6th order polynomial fitting oEKp time-series in or- As a matter of fact, Masci (2010) has demonstrated that

Nat. Hazards Earth Syst. Sci., 11, 219398 2011 www.nat-hazards-earth-syst-sci.net/11/2193/2011/



F. Masci: On magnetic earthquakes precursors 2197

EQ
1m | 1 1 il 1 il 1

|—— Ap = 5-day running average . " . y y ’ ¢
20 1 Ap + 15-day running average ,
—— D<= 5-day running average I ‘ "‘ ‘ 0
iy
_____ Y| 10 5
0O 15 - 1 T
30
1.0 L ; 1 1 r 1 1 T 1 1 A T
01 02 03 04 05 06 07 o8 09 10 n 12

Fig. 3. Time-series of the fractal dimension D of the geomagnetic field H component at Guam observatory, and geomagnetic Ap index
during 1993 as reported by Hayakawa (2011) (a reproduction of Hayakawa, 2011, Fig. &5-8a@y and+15-day running averages are
superimposed onto the original view. See text for details.

the fractal dimension increase which occurred before Guan8 Conclusions

earthquake is really caused by the geomagnetic activity due

to solar-terrestrial interaction. In Fig. 3, Ap5-day and Here ULF magnetic earthquake precursors reaffirmed by
+15-day running averages are superimposed onto the origHayakawa et al. (2009) and Hayakawa (2011) are reviewed.
inal view. The running averages clearly show a negative corHayakawa (2011) writes:Iti order to increase the credibil-
respondence between D and Ap. Th&-day running av- ity on the presence of electromagnetic phenomena associated
erages point out a negative correspondence between D anwiith an earthquake, we have suggested the importance of the
Ap over short time scale (both D and Ap show th27-day =~ modulation (or fluctuation) seen in the time-series data of
modulation due to Sun’s rotation around its axis) whereasany seismogenic effettsAs a matter of fact, this brief com-
Ap=£15-day running average shows that the negative corremunication shows that these claims do not increase the credi-
lation is evident over long time scale as well. Therefore, asbility of the observation of electromagnetic precursor signals
Masci (2010) pointed out, the gradual increase of D beforebecause here it is pointed out that these ULF “anomalous”
the Guam earthquake corresponds to the gradual decrease sifjnatures are not reliable earthquake precursors but are ac-
Ap index, thus the increase of D could be attributed mainlytually caused by normal geomagnetic activity. Furthermore,
to normal geomagnetic activity. The negative correspon-some of the reviewed “anomalies” have been put into doubt
dence between fractal dimension and geomagnetic activityoy previous publications (Thomas et al., 2009b; Masci, 2010,
may be explained by taking into account that ULF spectrum2011) and, till now, no rebuttal paper has been published.
S of the geomagnetic field shows the power-law behaviourin addition, Hayakawa (2011) maintains that these seismo-
S(f) o f=F, where f is the frequency ang is the spec-  genic phenomenseem to be very promising candidates for
trum slope. When the geomagnetic activity increases, loweshort-term earthquake prediction” Short-term earthquake
frequencies increase more than higher frequencies, ghus prediction is a very important topic of social importance.
increases. Therefore, according to the Berry's equatiorSuccessful prediction could reduce the number of victims
D = (5—)/2, the corresponding fractal dimension D de- caused by strong earthquakes. However, in order to be use-
creases. Actually, Masci (2010) also rebuts the fractal magful, short-term earthquake prediction requires reproducible
netic signatures which previous papers have related to othegarthquake precursors which provide real-time information
strong earthquakes (Biak, 1996, Izu swarm, 2000, and Sumaregarding intensity, location, and time of the predicted earth-
tra 2004—2005). The author shows that a close inverse corgquake. Therefore, the authenticity of earthquake precursors
respondence between D and the geomagnetic activity leveheeds to be carefully checked. In light of this, the possi-
really exists in all the previously mentioned earthquakes (forbility of developing short-term earthquake prediction capa-
details see Masci, 2010). In conclusion, the fractal analysisility by using magnetic ULF “anomalous” signals seems to
of ULF geomagnetic field time-series does not provide anybe rather remote. In conclusion, in the field of research on
information about the pending earthquake. earthquake precursors a very important question should be:
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“Is the observed anomaly a reliable earthquake precursor?Hayakawa, M., Sue, Y., and Nakamura, T.: The effect of earth tides

Therefore, as Hayakawa (2011) has pointed dutther ev- as observed in seismo-electromagnetic precursory signals, Nat.
idence in support of the presence (or absence) of seismo- Hazards Earth Syst. Sci., 9, 1733-174ibj:10.5194/nhess-9-
electromagnetic phenomena, is still highly requiredbvi- 1733-20092009.

Hayakawa, M.: On the fluctuation spectra of seismo-
electromagnetic phenomena, Nat. Hazards Earth Syst. Sci.,
11, 301-308¢0i:10.5194/nhess-11-301-2Q120D11.

a, Y. and Hayakawa, M.: Fractal analysis for the ULF data dur-

ing the 1993 Guam earthquake to study prefracture criticality,

Nonlin. Processes Geophys., 13, 409—44#1;10.5194/npg-13-

409-2006 2006.

asci, F.: On claimed ULF seismogenic fractal signatures

in the geomagnetic field, J. Geophys. Res., 115, A10236,

doi:10.1029/2010JA015312010.

Masci, F.: On the seismogenic increase of the ratio of
the ULF geomagnetic field components, Phys. Earth Planet,
doi:10.1016/j.pepi.2011.05.002011.

Saito, T.: Geomagnetic pulsations, Space Sci. Rev., 10, 319-342,
doi:10.1007/BF00203620.969.

Tanaka, S., Ohtake, M., and Sato, H.: Tidal triggering of earth-

quakes in Japan related to the regional tectonic stress, Earth Plan-

ets Space, 56(5), 511-515, 2004.

ously calling for adopting more scientific rigor before claim-
ing the observation of seismogenic precursory signals as very
promising candidates for developing short-term earthquakqd
prediction capabilities.
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