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Is an ionospheric electron enhancement preceding the earthquakes a precursor?
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Heki [2011] reported that the TEC gradually enhanced from 40 minutes before the 2011 M9.0 off the Pacific coast of Tohoku
earthquake (Tohoku EQ) to the time when the co-seismic acoustic wave reached the ionosphere and the TEC immediate
recovered at the normal state. This paper shows an alternative interpretation of total electron content (TEC) variation in the
ionosphere associated with the Tohoku EQ. Our interpretation is that a tsunamigenic ionospheric hole, a wide depletion o
the TEC, occurred after the co-seismic acoustic wave reached the ionosphere and gradually recovered at the normal state w
several tens of minutes [Kakinami et al., 2012]. The difference between Heki [2011] and Kakinami et al. [2012] is attributed to
the reference curves of the TEC to extract the ionospheric variations. The former is given by the least-squares fitting curve of th
EQ day data excluding an expected precursor period, while the latter is given by the data of the similar orbit of global positioning
system (GPS) satellite on another day. The results strongly suggest that variation of slant TEC is explained by the depletion ¢
TEC due to tsunami rather than the precursory enhancement.

googob:o0bbogoo,boboooo,bbboo,0bbbooog,bboo
Keywords: Seismo Electromagnetics, precursor, ionospheric disturbance, total electron content, Tohoku earthauake

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

MIS30-10 0 0:301B 00:50 210 17:00-17:15

Seismo-ionospheric precursors of the total electron content associated with M?6.0 eartt

quakes in Japan _ _
Seismo-ionospheric precursors of the total electron content associated with M?6.0 eartt

guakes in Japan

Jann-Yengq Lit*, Koichi Cherf, Ho-Fang Tsdi, Katsumi Hattor
Jann-Yengq Lit*, Koichi Cherf, Ho-Fang Tsai, Katsumi Hattor

linstitute of Space Science, National Central University, TAIWARgpartment of Earth Science, National Cheng Kung Uni-
versity, TAIWAN, >GPS Science and Application Research Center, National Central University, TAIN@partment of Earth
Sciences, Graduate School of Science, Chiba University, JAPAN

Hnstitute of Space Science, National Central University, TAIWARgpartment of Earth Science, National Cheng Kung Uni-
versity, TAIWAN, 3GPS Science and Application Research Center, National Central University, TAIV@gpartment of Earth
Sciences, Graduate School of Science, Chiba University, JAPAN

This paper reports statistical results of seismo-ionospheric precursors (SIPs) of the total electron content (TEC) in the globe
ionosphere map (GIM) associated with 132 earthquakes with magnitude 6 and/or greater in Japan during 1 May 1998 ? 10 Marc
2011. To detect SIP, a quartile-based (i.e. median-based) process is performed. The earthquakes without being led by magne
storms are further isolated and investigated to confirm the SIP existence. Results show that the SIP mainly is the TEC signif
icantly increase in the afternoon period 1-5 days before the earthquakes in Japan. Finally, the SIP of the GPS TEC associat
with the 11 March 2011 M9.0 Tohoku earthquake is presented and discussed.

O O 0O 0O 0O : seismo-ionospheric precursors, GPS, total electron content, M9.0 Tohoku earthquake
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The LAIC concept.
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We are carrying out a scientific framework involving multi-sensor observations in our investigation of phenomena preceding
major earthquakes. The recent catastrophic earthquake in Japan in March 2011 has provided a renewed interest in the import
guestion of the existence of precursory signals preceding strong earthquakes and their physical validation. We describe a possil
physical link between atmospheric observations with earthquake precursors using the latest Lithosphere-Atmosphere-lonosphe
Coupling model, the physical concept that we are validating. LAIC model explains the synergy of different ground surface,
atmosphere and ionosphere processes and anomalous variations, which are usually named as short-term earthquake precurs

We demonstrate our approach based on integration and analysis of several atmospheric and environmental parameters that w
found associated with earthquakes. The newly developed approach named as Interdisciplinary Space ? Terrestrial Framewc
(ISTF) permits to identify the precursory phenomena in seismically active areas. The observations included in ISTF are: therme
infrared radiation, radon/ ion activities; air temperature and humidity and a concentration of electrons in the ionosphere. We
present our findings of the retrospective thermal radiation precursory detection for more then 100 earthquéesMrring
in 2004-2011 over Taiwan and Japan including the latest M9.0 great Tohoku earthquakes of March 11, 2011. The cause-effe
relationship between different types of precursors united by physical basis of the LAIC model is the main advantage of the
presented ISTF approach

00 000:LAIC, earthquake, earthquake precursor, thermal anomaly, GPS/TEC
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We have observed the 3-component geomagnetic fields with a fluxgate magnetometer at the Okutama site in Central Japan,
1 Hz sampling since December 2003 and at 32 Hz sampling in and after May 2008. This site is located just outside the area whe
the seismic activity increased after the 2011 off the Pacific coast of Tohoku Earthquake. In this study, we checked whether o
not there are statistical changes in the observed data before and after the earthquake. However, the daytime data included noi
mainly from trains driven by DC electric power. Therefore, we used only the nighttime data from 2:30:00 to 3:04:08 JST. The
power spectrum densities, especially of the period range from 1/16 s to 45 s, had seasonal variations. The annual median,
quartile, and 3rd quartile were calculated for the differences between the power spectrum densities and their seasonal variatior
As a result, we found (1) the variations of the annual interquartile range, especially for short period spectrum ranges, were il
harmony with those of geomagnetic indices and the solar activity and (2) the annular medians for all period spectrum range
decreased after the earthquake though the declined levels were within the annual interquartile ranges just before the earthqua
One of the possible reasons of the decreases may be the change of the local groundwater condition after the earthquake thot
we could not ignore the effect of saving electricity due to a power shortage in Japan after the earthquake.
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lonospheric Total Electron Content (TEC) is easily derived from the phase differences of the two L band carrier waves of the
Global Positioning System (GPS) satellites. Past GPS-TEC studies revealed various kinds of ionospheric disturbances includir
those by large earthquakes. Here we study coseismic ionospheric disturbances (CID) of earthquakes with three different kinc
of focal mechanisms, i.e. reverse, strike-slip, and normal faulting. The first category earthquakes include the 2004 Sumatre
Andaman (Mw 9.2) and the 2007 Bengkulu (Mw 8.5) earthquakes. Their CIDs have already been reported in past studies [Hek
et al., 2006; Cahyadi and Heki, 2013], but here we present some new data from GPS points in Malaysia. The second catego
includes the 2012 April northern Sumatra earthquake (Mw 8.6), one of the largest strike-slip earthquakes ever observed. Norm:
fault earthquakes large enough to disturb the ionosphere are rare. Astafyeva and Heki [2009], by analyzing the 2007 Janua
outer rise earthquake off the central Kuril Islands, suggested that coseismic crustal subsidence in normal-fault earthquakes exc
atmospheric waves led by a rarefaction pulse, and hence will cause CID starting with the negative polarity. However, theoretica
considerations predict that such waves may not be stable enough to reach the F layer. In December 2012, we experiencec
normal fault earthquake in the outer rise region of the Japan Trench (Mw 7.3), which would offer the second opportunity to study
the CID waveform of nhormal-fault earthquakes.

We use GPS data from SUGAR (Sumatra GPS Array), the Malaysian GPS network, and GEONET (GPS earth observatiol
network) in Japan. CIDs are detected clearly in signals of two satellites 13, and 20 in the 2004 Sumatra Andaman earthquak
(Fig.1b). Satellite 32 and 20 in the 2012 April Sumatra earthquake detected clear CID in the western sky (Fig.1c). These CIC
started with only positive changes, possibly originating from the uplift region of the sea floor. Clear CIDs were also detected by
satellite 8 in the 2012 NE Japan earthquake. An interesting result from the 2012 normal fault earthquake in Japan is that its CII
signals initiated with positive pulses (Fig.1e). After all, we could not find any correlation of the CID signal waveforms with the
focal mechanisms of earthquakes

In addition to the initial change polarities, we study various aspects of the CIDs including propagation speeds, atmospheri
resonances, directivity, etc. To investigate spatial characteristics of CID, e.g. propagation speed of such disturbances, we calc
lated sub-ionospheric points (SPP), ground projections of the ionospheric piercing point of line-of-sights assuming a thin layel
of ionosphere at altitudes “300 km. We also briefly mention pre-seismic TEC anomalies of the 2012 north Sumatra earthquak
because its moment magnitude suggests the existence of small preseismic TEC anomalies as found before M9 class earthqua
[Heki, 2011; Cayadi and Heki, 2013].

(Figure caption) Figure 1. (a). SIP (sub-ionospheric point) trajectories by four satellites before/after the three earthquakes i
Sumatra (left), i.e. the 2004 Sumatra-Andaman (black), the 2007 Bengkulu earthquake (light grey), the 2012 North Sumattrz
earthquake (dashed line), and the 2012 outer rise earthquake in NE Japan (right). On the trajectories small black stars are SIF
the time when earthquakes occurred, and beach balls indicate mechanisms of earthquake. (b), (c), (d) and (e) show time series
slant TEC changes in these earthquakes. The black vertical lines in the time series (b, c¢,d,e) indicate the earthquake occurrer
times (for the 2012 event, the largest aftershock "2 hours after the mainshock also generated CID).

O 0000 : reverse fault, normal fault, strike-slip, GPS-TEC, earthquake
Keywords: reverse fault, normal fault, strike-slip, GPS-TEC, earthquake
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Present Status of the ELMOS Small Satellite Constellation
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Seismo-electromagnetic data observed by Chubu University before and after 2011 Tc

hoku Earthquake
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Chubu University has established electromagnetic observation network in order to study seismo-electromagnetics.

We have observed ULF/ELF electromagnetic waves at three observation stations (Nakatsugawa, Shinojima and Minami 1zu
in order to catch the emissions from the focal region of earthquakes. And also we have observed VLF electromagnetic wave
at Kasugai in order to measure the change of the propagation characteristic in the ionosphere and atmosphere disturbed by 1
energy from the epicentral region.

In this study, we talk about the result of the observation before and after the 2011 Tohoku Earthquake.

In our past studies, we had observed anomalous excitations of Schumann resonances before the 2004 Mid-Niigata Prefectt
earthquake and the 2007 Noto Hantou earthquake at Nakatsugawa. However, we cannot found any anomalous Schumann re
nances before the 2011 Tohoku Earthquake.

We found strong ULF emissions possibly propagated from the direction of the focal region of the 2011 Tohoku Earthquake on
March 2, 2011, 9 day before the earthquake. And also we found propagation anomalies of VLF electromagnetic waves sever
days before and after the 2011 Tohoku Earthquake. But there was large foreshock on March 9. So we cannot point out that the
anomalies were precursors of the 2011 Tohoku Earthquake, and even cannot point out that they were precursors of earthquak
in this stage.

The observed ULF/ELF/VLF anomalies possibly associated with earthquakes were not so convincing enough to predict the
earthquakes. And so we need more case studies, further research, and trying to make a probabilistic forecast.

This multi-point observation network is now supported by Academic Frontier Project for Private Universities: matching fund
subsidy from MEXT, 2006-2010.

00000:0000000,0000000000, ULF/ELF/VLF
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Geomagnetic anomalies possibly associated with the 2011 off the Pacific coast of Tohok
earthquake (Mw9.0)
Geomagnetic anomalies possibly associated with the 2011 off the Pacific coast of Tohok
earthquake (Mw9.0)

Han Peng*, 0 0 OO !, Hiroki Yamaguchi, Febty Febriarli, Chie Yoshind
Peng Harh*, Katsumi Hattori, Hiroki Yamaguchi, Febty Febriarli, Chie Yoshind

!Graduate School of Science, Chiba University
!Graduate School of Science, Chiba University

In this paper we have reported unusual changes of geomagnetic fields observed in the vicinity of the epicenter of the 201
Tohoku earthquake (Mw?9.0).

Firstly, we have investigated geomagnetic diurnal variations observed at ESA and KAK. Usually, the diurnal variations at the
two stations are quite similar, because the inter station distance is not so large. In this study, the ratios of diurnal variation range
of KAK to ESA have been monitored. The results indicate that about two month before the Mw9.0 earthquake, the ratio of Z
component has increased significantly. This unique change was derived from more than one year data. After checking the origin.
data, it is confirmed that the diurnal variations at ESA station in early January, 2011 have clearly unusual behaviors compare
with other reference stations which are far from the epicenter.

And then, we have monitored underground apparent resistivity at ESA station. The mega Mw9.0 earthquake is located in th
seismically active area. Actually, this place is also magnetic anomaly region. The short term variations of vertical geomagnetic
fields at stations to the north and south of this region exhibit opposite phases. Preliminary results show that the energy ©
geomagnetic fields at short periods of ESA station is much smaller than that of KAK station, which suggests that the undergroun
conductivity in ESA area may be different from other place. Analyzing MT data observed at ESA is now on-going.

O 0000 : ULF seismo-magnetic phenomena, earthquake, geomagnetic field
Keywords: ULF seismo-magnetic phenomena, earthquake, geomagnetic field
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