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Abstract. Pulinets et al. (2007) document anomalous with error estimates for each parameter. Thus, any potential
changes in the ionospheric total electron content (TEC) startanomaly, before it can be considered as a reliable indicator
ing one week before the 16 October 1999 Hector Mine earth-of an imminent earthquake, should be distinguishable from
quake. The authors maintain that this TEC anomalous changeandomness or an anomaly of alternative cause, both natural
is a precursor of the subsequent earthquake. In a previouand artificial. Recently, some researchers gave rise to a re-
paper, Afraimovich et al. (2004) excluded that TEC varia- examination process of dubious observations of earthquake
tions, which occurred before the Hector Mine earthquake precursors. They demonstrated that there is no strong rela-
were induced by the preparation process of the seismic evention between the presumed precursors and subsequent seis-
Thomas et al. (2012) reach similar conclusions by perform-mic events (see e.g. Masci, 2010, 2011, 2012a, b; Thomas et
ing new analyses of the same TEC data which were invesal., 2009a, b, 2012).
tigated by Pulinets et al. (2007). They show that the TEC Pulinets et al. (2007) propose a new ionospheric index
changes documented by Pulinets et al. (2007) are not anomavhich the authors define “regional variability index” (here-
lous but normal variations on global scale, and, thereforeafter ATEC). This index describes the variability of the iono-
these changes are not related to the localised seismic activitgphere by means of the difference between the maximum
of the Hector Mine area. This paper confirms the results ofvalue and the minimum value of the GPS TEC measured
Afraimovich et al. (2004) and Thomas et al. (2012). Throughin all stations within the area of the analysis. Through the
the use of geomagnetic indices time series it is shown thaanalysis of data from 13 GPS stations within the prepara-
the presumed precursor of Pulinets et al. (2007) was a nortion area of the 16 October 1999 Hector Mine earthquake,
mal TEC variation induced by solar-terrestrial interaction.  Pulinets et al. (2007) retrospectively document anomalous
ATEC changes which the authors claim to be precursory sig-
natures of the seismic event. According to Pulinets (2007) the
regional variability index is sensitive to earthquake-related
1 Comments TEC changes and much less sensitive to TEC variations in-
duced by the geomagnetic activity. As a consequence of this
As Thomas et al. (2012) point out, such similar studies tofinding, the author maintains thasHort-term earthquake
Pulinets et al. (2007) motivate the idea that earthquake preprediction based on ionospheric data may one day become as
diction will one day be possible. Earthquake prediction is routine a technique as seismograjpH3ue to the great social
a controversial challenge of the scientific community but it impact of the earthquake predictions, as required by the nor-
has also a social importance because of the great benefihal scientific process, the findings of Pulinets et al. (2007),
that could be obtained with accurate predictions. To be useand other similar studies, need to be seriously investigated by
ful, short-term earthquake prediction requires reproduciblemeans of independent supporting datasets.
precursors which provide information regarding magnitude,
location, and time of the predicted earthquake, together

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



https://core.ac.uk/display/41152789?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

194 F. Masci: On the precursor of the Hector Mine earthquake

40—y~ RS — g [ S O — —

3 (a) 1-day rL'lp.pi‘ng mean Dst (nT)

2 ol —— ATEC : : : | -250

2 o v

(L st _ {.d594-150
<

0 i
0110 0310 0510 0710 09/10 11710 13/10 1510 1710 1910 21710 23M10 2510 2710 29110 31/10

October, 199

I 1 I I I

Dsr index, nT

50L 1 ! 1 ! 1 L | ! 1 1 Il | I 1 L)
01110 03/10 0510 07110 0940 1110 1310 1510 1710 1910 21110 2310 2510 27110 29M10 31110

20 T . . T T . . T ' T |—— ATEC-( 1.3-Kp +3.7)[ !
ATEC - (-0.1-Dst +4.7)

Residual
(TECU)
=

1 35 7 9 11 13 15 17 19 21 23 25 27 29 31
October 1999

Fig. 1. (a)and(b): a reproduction of Fig. 6 by Pulinets et al. (2007). lonospheric regional variability indéxC (a) and Dst geomagnetic

index(b) during October 1999. The black arrow indicates the date of the Hector Mine earthquake. Geomagnetic Kp and Dst indices time series
are superimposed onto parfa). (c) Residual time series of the linear relationship between the 1-day running average of the geomagnetic
indices and that oATEC. The TEC units are TECU, where 1 TEGUL0'8 electrons m2. See text for details.

Many papers by means of statistical methods put in evi-reported by Pulinets et al. (2007). The authors claim that the
dence anomalous behaviour of TEC, which the authors beATEC increase, which occurred during the week before the
lieve to be related to the subsequent earthquakes (see e.gector Mine earthquake, has a seismogenic origin. However,
Le et al., 2011). On the contrary, other studies document thdy a simple visual investigation of Fig. 1a and b, we can see
observation of pre-earthquake ionospheric disturbances bwn evident correspondence betweehEC and Dst, i.e. the
no statistically significant correlation between these anomaATEC increase corresponds to an increase of the geomag-
lies and the seismic events (see e.g. Dautermann et al., 200#gtic activity. In my opinion, this correspondence was to sug-
Rishbeth, 2006) showing that some ionospheric precursorgest to the authors that the presumed precursor was not a real
are artefacts related to changes in solar and geomagnetic aseismogenic signature. Here the 1-day running averages of
tivity, which influences the ionospheric parameters such a¥kp and Dst were superimposed onto Fig. 1a. If we focus our
the regional TEC variations (see Afraimovich and Astafyeva,attention to the period before the Hector Mine earthquake,
2008; Masci, 2012c). Thus, it is evident that the considera-we can see a strong correlation between the running average
tion of the geomagnetic activity level is a key parameter for of the geomagnetic indices and that®TEC. This fact sug-
the interpretation of the observed ionospheric disturbancesgests us that during the period before the Hector Mine earth-
In this brief report | compare the regional variability index quake, the regional TEC variability was induced by global
by Pulinets et al. (2007) with the geomagnetic indices Kpgeomagnetic disturbances and was not related to preparatory
and Dst. The 3-h Kp index is representative of geomagnetiqphase of the subsequent earthquake. However, | should point
activity changes over planetary scale, while the 1-h Dst indexout that after the earthquake, or more precisely during the
monitors the world wide magnetic storm level. In any caseperiod of 22—26 October, the correlation betwe@erEC and
the two indices give us indications about global geomagnetidthe geomagnetic indices is weak. Since this period includes
disturbances. a strong geomagnetic storm (Rgk= —237 nT), the lack of

Figure 1a and b shows the regional variability indekEC a good correlation betweenTEC and the geomagnetic in-
and the Dst geomagnetic index during October 1999 aglices obviously does not support the idea that seismogenic
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Table 1.Mean values oATEC and residuals during the period be- cannot be related to the preparation process of the seismic
fore the Hector Mine earthquake and during the month of Octo-event. In addition to that, even if an external triggering (e.qg.

ber 1999. by seismic processes) may induce the release of a great
amount of energy accumulated in the system ionosphere-

ATEC |Rexp| IRepst atmosphere, the study of Pulinets et al. (2007) does not shows

1-15 October ~ 7.03 1.36 1.09 any clear evidence of the effect of mutual influence between

1-31 October  7.14 151 1.95 the Earth and the ionosphere that Popov et al. (1989) de-

fine “terrogenic effect in the ionosphere” and in recent liter-
ature it is called Lithosphere—Atmosphere—lonosphere Cou-
ling (LAIC) mechanism (see e.g. Pulinets and Ouzounov,
011). In summary, this paper definitively shows that the re-
gional variability index by Pulinets et al. (2007) is not a good
redictor of earthquakes.

ionospheric disturbances, which may be consequential t
earthquakes, occurred during the period of time after th
Hector Mine earthquake. As Thomas et al. (2012) point out,
we should not expect that a good correlation always existd
betweenATEC and the geomagnetic indices since the re-

g.lonal Va”‘f"b'“ty,'ndex of Pulinets et al. (_2007), vyas not de- AcknowledgementsThe author wishes to thank Petko Nenovski
signed to investigate global geomagnetic activity changesang two other anonymous reviewers for the constructive comments
More specifically, Fig. 1 shows that while the index of Pu- and criticism that were useful to improve the manuscript. | am
linets seems to be generally well correlated with low to mod-also grateful to Kyoto World Data Center for Geomagnetism
erate levels of geomagnetic activity, it is not a good measurehttp:/swdcwww.kugi.kyoto-u.ac.jpivhich provide the Kp index

of magnetic storms. In addition to that, since the Kp index istime series.

representative of the geomagnetic field average disturbances

over planetary scale, we should not expect that a close corre=dited by: M. E. Contadakis

lation between the index of Pulinets and Kp will exist al- Reviewed by: P. Nenovski and two anonymous referees

ways and everywhere over long time range. On the other

hand, a gooq corrglation during a.pe_ri.od.of time indicateSpeferences

that during this period the TEC variability is part of normal

global magnetic field variations driven by solar-terrestrial in- Afraimovich, E. L. and Astafyeva, E. I.: TEC anomalies —local TEC
teraction and cannot be related to a seismic activity (see also changes prior to earthquakes or TEC response to solar and geo-
Masci, 2010, 2011, 2012c). As further investigation, | dig- magnetic activity changes?, Earth Planet. Space, 60, 961-966,
itized the ATEC 1-day running average from the original ~ 2008.

view of Pulinets et al. (2007). The digitized values have aAfraimovich, E. L., Astafyeva, E. I., Gokhberg, M. B., Lapshin,
esolton of 3 3 th K ndex. Secondy, e L-day - ., P 5 w8 e Shenon
ning average of both the geomagnetic indices Kp and Dst ) .

we?e calcul%ted with a resglution gf 3 h. Finally, | cglculated from GPS data recorded during the Hector Mine earthquake of

- . . October 16, 1999, California, Russ. J. Earth. Sci., 6, 339-354,
the linear relationship betweedTEC and the two geomag- doi:10.2205/2004ES000158004.

netic indices.ATEC data during the period of time which paytermann, T., Calais, E., Haase, J., and Garrison, J.: Investigation
includes the magnetic storm were excluded in the estimation of jonospheric electron content variations before earthquakes in
of the two linear relationships. The two linear residual time  southern California, 2003-2004, J. Geophys. Res., 112, B02106,
series are plotted in Fig. 1c. We can see that, before the Hec- doi:10.1029/2006JB004442007.

tor Mine earthquake, the residuals are much smaller than thee, H., Liu, J. Y., and Liu, L.: A statistical study of ionospheric
values of the variability indexATEC and do not show any anomalies before 736 M6.0+ earthquakes during 2002—-2010,
anomalous signature that may be attributed to lithospheric J- Geophys. Res., 116, A0232035i:10.1029/2010JA015781
processes preceding the earthquake. Table 1 shows the mean?011- _ _ _ .

values calculated foATEC and for the absolute value of the Ma.‘sc" F.: On C'a'“?ed. ULF seismogenic fractal signatures
two residuals time series during October and before the Hec- in the geomagnetic field, J. Geophys. Res., 115, A10236,

: hauak hat th h id doi:10.1029/2010JA015312010.
tor Mine earthquake. We can see that the mean of the resi Wasci, F.: On the seismogenic increase of the ratio of the ULF ge-

als are smaller than the TEC mean. omagnetic field components, Phys. Earth Planet In., 187, 19-32,
doi:10.1016/j.pepi.2011.05.002011.
. Masci, F.: Comment on “Ultra Low Frequency (ULF) European
2 Conclusions multi station magnetic field analysis before and during the 2009

. . . . . earthquake at L'Aquila regarding regional geotechnical informa-
This brief report confirms the results of Afraimovich et {jon by prattes et al. (2011), Nat. Hazards Earth Syst. Sci., 12,

al. (2004) and Thomas et al. (2012), which demonstrated that 1717-1719doi:10.5194/nhess-12-1717-202D12a.
before the Hector Mine earthquake, the TEC variations araviasci, F.: Comment on “Possible association between anomalous
controlled by geomagnetic activity changes and then they geomagnetic variations and the Molise Earthquakes at Central

www.nat-hazards-earth-syst-sci.net/13/193/2013/ Nat. Hazards Earth Syst. Sci., 13, 1838- 2013


http://swdcwww.kugi.kyoto-u.ac.jp/
http://dx.doi.org/10.2205/2004ES000155
http://dx.doi.org/10.1029/2006JB004447
http://dx.doi.org/10.1029/2010JA015781 
http://dx.doi.org/10.1029/2010JA015311
http://dx.doi.org/10.1016/j.pepi.2011.05.001
http://dx.doi.org/10.5194/nhess-12-1717-2012

196 F. Masci: On the precursor of the Hector Mine earthquake

Italy during 2002” by Takla et al. (2011), Phys. Earth Planet. Rishbeth, H.: F-region links with the lower atmosphere?, J. Atmos.

Inter, 202—203, 92—9410i:10.1016/j.pepi.2012.02.008012h. Sol. Terr. Phys., 68, 469-478pi:10.1016/j.jastp.2005.03.017
Masci, F.: The study of ionospheric anomalies in Japan area 2006.

during 1998-2010 by Kon et al.. An inaccurate claim of Thomas, J. N., Love, J. J., and Johnston, M. J. S.: On the reported

earthquake-related signatures?, J. Asian Earth Sci.,, 57, 1-5, magnetic precursor of the 1989 Loma Prieta earthquakes, Phys.

doi:10.1016/j.jseaes.2012.06.0@®12c. Earth Planet In., 173, 207-2180i:10.1016/j.pepi.2008.11.014
Popov, L. N., Krakovetzkiy, Yu. K., Gokhberg, M. B., and 2009a.

Pilipenko, V. A.: Terrogenic effects in the ionosphere: a re- Thomas, J. N., Love, J. J., Johnston, M. J. S., and Yumoto, K.: On

view, Phys. Earth Planet. Inter., 57, 115-1@8i:10.1016/0031- the reported magnetic precursor of the 1993 Guam earthquake,

9201(89)90221-51989. Geophys. Res. Lett., 36, L1630d0i:10.1029/2009GL039020
Pulinets, S. A.: Natural radioactivity, earthquakes, and 2009b.

the ionosphere, Eos Trans. AGU, 88, 217-224, Thomas, J. N., Love, J. J., Komjathy, A., Verkhoglyadova, O. P.,

doi:10.1029/2007E0200002007. Butala, M., and Rivera, N.: On the reported ionospheric precursor
Pulinets, S. A. and Ouzounov, D.: Lithosphere—Atmosphere— of the 1999 Hector Mine, California earthquake, Geophys. Res.

lonosphere Coupling (LAIC) model — An unified concept for Lett., 39, L06302d0i:10.1029/2012GL051022012.

earthquake precursors validation, J. Asian Earth Sci., 41, 371—

382,d0i:10.1016/j.jseaes.2010.03.0@011.
Pulinets, S. A., Kotsarenko, N., Ciraolo, L., and Pulinets, |. A.:

Special case of ionospheric day-to-day variability associated

with earthquake preparation, Adv. Space Res., 39, 970-977,

doi:10.1016/j.asr.2006.04.032007.

Nat. Hazards Earth Syst. Sci., 13, 19396, 2013 www.nat-hazards-earth-syst-sci.net/13/193/2013/


http://dx.doi.org/10.1016/j.pepi.2012.02.006
http://dx.doi.org/10.1016/j.jseaes.2012.06.009
http://dx.doi.org/10.1016/0031-9201(89)90221-5
http://dx.doi.org/10.1016/0031-9201(89)90221-5
http://dx.doi.org/10.1029/2007EO200001
http://dx.doi.org/10.1016/j.jseaes.2010.03.005
http://dx.doi.org/10.1016/j.asr.2006.04.032
http://dx.doi.org/10.1016/j.jastp.2005.03.017
http://dx.doi.org/10.1016/j.pepi.2008.11.014
http://dx.doi.org/10.1029/2009GL039020
http://dx.doi.org/10.1029/2012GL051022

