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Earthquakes are one of the most destructive of natural hazards, and it has been long a dream of scientists to achieve effe
tive prediction. Recently electromagnetic phenomena have been considered as a promising candidate for short-term earthque
prediction. In order to clarify the earthquake-related ULF (ultra low frequency) magnetic phenomena, a sensitive geomagneti
network has been installed in Japan and plenty of data associated with moderate-large earthquakes have been accumulated
this study, we have analyzed geomagnetic data observed during the past decade in Izu and Boso Peninsula, Japan.

First, the ULF magnetic signals at the frequency 0.01Hz have been investigated. We have applied wavelet transform analys
to the 1Hz sampling data observed at three magnetic observatories in Boso Peninsula (Kiyosumi, Uchiura, and Fudago) and I:
Peninsula (Seikoshi, Mochikoshi, and Kamo) , respectively. The signature at the 0.01Hz frequency band has been revealed a
daily average energy has been computed. In order to minimum artificial noise, we only use the midnight time data (LT 0:0073:00).
And to remove influences of global magnetic perturbations, three standard geomagnetic stations (Memambetsu, Kakioka, ar
Kanoya) operated by the Japan Meteorological Agency have been selected as reference stations and PCA method has been
plied to the yearly energy variation of the 0.01Hz signals at the three stations. The first principal component which contains more
than 95% energy is considered to be global background.

After comparing the results at the stations in Boso and Izu Peninsula with global background, it is found that there are severe
local energy enhancements which only appear in Boso or Izu area. Statistical investigation has also been carried out and detail
results will be presented in our presentation.

Second, we have investigated the geomagnetic diurnal variation observed at each station in both Boso and Izu Peninsula fro
2000 to 2010. Usually for a region that is not large, diurnal variation in magnetic stations should be stable and quite similar to
each other. However, the situation could be changed if there were some strong local underground activities such as earthquak
and volcanoes which may cause electromagnetic emissions and/or underground resistivity changes. In this study, we have &
plied PCA method to the diurnal variation hoping to extract information about local underground resistivity and electromagnetic
anomalies.

It is found that the contribution of the second principal components, which may relate with the local underground conduc-
tivity structure and/or the local electromagnetic disturbance, has some significant anomalous behaviors during the past ten yea
Especially before the 2005 M6.1 and M6.0 earthquake, very clear anomalies have appeared.
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Ratios of geomagnetic daily variation ranges between two stations in Taiwan are approximately equal to 1, due to that mag
netic latitude difference is less thaf.AVhen one station is located nearby epicenters, the ratios depart and recover the original
constant few days before and after earthquakes, respectively. Although the anomalous changes of the ratios have been conside
to be seismo-magnetic anomalies, a frequency band of them is still not fully understood. We apply the wavelet coherence as an
merical index to compare amplitude distributions in this study. When data recorded by two stations both away from epicenters ar
used, the wavelet coherence often approaches 1 suggesting that geomagnetic fields are dominated by changes in the ionospl
and/or magnetosphere. If one station located near epicenters is added into the analytical process, the small wavelet coherer
(about 0.2) can be observed at the period of approximately 0.5 day during earthquakes. Analytical results and seismo-magnet
ratio changes yield a good agreement either in the time or frequency domain. Notably, the results also shed light on locatin
epicenters before earthquakes occur.
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Recent studies show that before the earthquake initiation, the high stress level reached within the seismogenic volume me
generate dehydration of rocks and fluids migration along surrounding faulting systems and could be reflected by electrical con
ductivity changes. In this paper we investigate these changes of conductivity using ULF electromagnetic and geomagnetic da
recorded at both Geodynamic Observatory Provita de Sus, located on the Carpathian electrical conductivity anomaly (CECA]
at about 100km distance of Vrancea epicentral zone, and Geophysical Observatory Surlari taken as reference station. Usil
ground-based monitoring system (GMS 06 and MAG03 DAM electromagnetic and geomagnetic equipments, respectively), pos
sible anomalous variations of the electromagnetic normalized function (EMNF) have been surveyed, on the ULF«ange (f
0.0166 Hz), in correlation with earthquakes with Mw4.0 triggered at the intermediate depth interval 70-160km, in seismic
active Vrancea zone Subsequently, a methodology based on the correlation of the EMNF values (Bzn = Bz/Bperp and Ron
Ropar/Roz) selected according to temporal invariability criteria for a 2D geoelectric structure, in terms of non-seismicity, taking
into consideration just their deviations from the electromagnetic pattern initially calculated, was elaborated. To have a compre
hensive view on the applied methodology, the daily mean distribution of the Bzn and Ron parameters in correlation with the
Vrancea deep seismic events taken from the seismic bulletin of the National Institute for Earth Physics, occurred simultaneousl
in 2010 year, are revealed. Finally, we have to conclude that with 7-10 days before an EQ witld lccurred, the daily
mean variation of the EMNF had anomalous behavior marked by a significant increase versus its standard deviatior2(EMNF
STDEV), and the results illuminate triggering mechanism and may represent an important step toward earthquakes forecasting
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The tectonic setting of Indonesia is very complex, because it is a meeting point of several tectonic plates: the Eurasian Plat
the Australian Plate, the Indian Plate, and the Pacific Plate. Such condition makes Indonesia become one of the most seismica
active regions in the world. Therefore, to minimize such disasters, the research on the short-term earthquake (EQ) prediction
an important issue. One of the most promising approaches is the study of ultra low-frequency (ULF) electromagnetic anomalie
preceding large earthquakes. ULF is the frequency range of electromagnetic wave less than 100 Hz. Because of deeper skin def
ULF electromagnetic waves can penetrate through the Earth crust. In this paper, we focus on the frequency of 0.01 Hz band ar
would like to evaluate whether there is ULF geomagnetic anomalies preceding large earthquakes happened in Indonesia or n
Our group has installed the three components fluxgate magnetometer at Pelabuhan Ratu, West Java, Indonesia since Septen
2007. | have analyzed data from September 1, 2008 to October 31, 2010. There are twelve moderate-large earthquakes (M-
during the analyzed period. The largest earthquake occurred during the analyzed period is M7.5 EQ (depth=57 km, epicente
distance =135 km, Sept. 2, 2009) according to Indonesian Meteorological, Climatological and Geophysical Agency (BMKG)
earthquakes catalog. To clarify the ULF geomagnetic variations preceding all the earthquakes, spectral density based on Fe
Fourier Transform (FFT) and wavelet transform (WT) as well as the analysis of spectral density ratio have been performed
The results of spectral density ratio analysis unveil clear enhancements before the largest EQ which occurred on Sept. 2, 20
(M=7.5). These facts suggest that the spectral density analysis would be useful for seismo-electromagnetic study.

0O 00O 00O : ULF electromagnetic variation, Spectral density ratio analysis, Java Island earthquakes
Keywords: ULF electromagnetic variation, Spectral density ratio analysis, Java Island earthquakes
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The southern part of Kanto District, Central Japan is one of the seismically active regions in Japan because of three plates (P
cific, Philippine Sea, and Eurasia). In order to investigate the electromagnetic phenomena associated crustal activity, the preci
ULF electromagnetic measurement network has been established for these 10 years. At each station, three magnetic compone
and two horizontal electric components are observed in general. There are two arrays with interstation distance of 5 km in Izt
and Boso Peninsulas and 10 years data have been we accumulated. During this periods, we had the 2000 Izu islands earthqu
swarm, the 2002 and 2007 Boso slow slip events and so on. Signal associated with crustal activity are very weak in compariso
with other noise such as geomagnetic pulsations and artificial noise, therefore advanced signal processing is required. In n
presentation, | would like to show some methodologies and related results. In this paper, some case studies and statistical stu
on ULF electromagnetic changes possibly associated with crustal activities will be presented.
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The VAN method has been the only working short term earthquake prediction system for more than two decades. The indete!
minacy of a few weeks for the occurrence time of main shocks has been a drawback.

If earthquake is a critical phenomenon as defined in statistical physics, prediction is synonym for indentifying the approach tc
criticality. Varotsos and colleagues proposed that by analyzing the seismicity in a newly introduced time frame called "natural
time”, the approach to criticality can be clearly identified. In natural time, based on the premise that a system has its own clock
the time is assumed to proceed only when an event takes place. It was found empirically that if the analysis is started at the tim
of SES (Seismic Electric Signals in the VAN method) appearance, the main shock occurs a few days after the criticality has bee
recognized. This means, seismic catalogs can play an amazing role in short term prediction to reduce the prediction lead tinr
when combined with SES data.

We made a statistical analysis on seismicity in both natural and conventional times and confirmed that natural time is more
efficient and the order and magnitude of earthquakes do play an important role in recognizing criticality. We also tried the natura
analysis on major M7 earthquakes in Japan, including 1995 M7.3 South Hyogo Pref. (Kobe), 2000 M7.3 Western Tottori Pref.,
2003 M8.0 Tokachi Oki, 2004 M7.1 Off Kii Peninsula, 2005 M7.0 West-off Fukuoka Pref., 2008 M7.2 Iwate-Miyagi Nanbu
earthquakes for which no SES data exists and 2000 earthquake swarm in Izu island region. Some positive results were obtain
except for Tokachi and Iwate-Miyagi cases.
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We would like to present the pre-seismic telluric current anomalies in Japan and their statistical significance. By the author’s
knowledge, it is only Greek-VAN group who has been successfully predicting earthquakes for more than a couple of decades
However, the reproducibility of their method has so far been barely verified elsewhere.

In Japan, VAN-like telluric current measurements were intensively conducted after the devastating 1995 Kobe earthquake. A
the Kozu-shima volcanic island, we observed 19 anomalies for 23 Barthquakes which occurred within 20 km of the station
from May 14, 1997 to June 25, 2000. It has also been demonstrated that the correlation between the observed anomalous chan
and the subsequent earthquakes is statistically very high. Our observations also indicate the existence of extremely high degr
of heterogeneity in the subterranean electrical structure of the volcanic islands. Therefore, the high heterogeneity under Kozt
shima Island has been studied, though only for the shallow depth, by a VLF-MT survey. The apparent resistivity was found to
range in three orders of magnitude. Current injection into the ground was also conducted for the resistivity survey. It was verifiec
that various features of the observed anomalous changes were different from those of changes caused by artificial sources &
induction of geomagnetic disturbances.

The author considers that this thesis presents the first convincing demonstration of the existence and statistical significance
VAN-type pre-seismic telluric current anomalies in Japan (or outside Greece).

ooooo:0o000,vVANDO,O0000
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There are a number of reports on the seismic quiescence phenomena before large earthquakes. We proposed new RTM
gorithm. RTM algorithm is a kind of weighted coefficient methods in the time, distance and size of an earthquake. We test it
by applying to three large earthquakes in Japan, namely the Hyogo-ken Nanbu Earthquake in 1995, the Noto Hanto Earthqual
in 2007 and the Ilwate-Miyagi Nairiku Earthquake in 2008. The results show that the RTM algorithm is more sensitive to the
seismic quiescence phenomena than the cureent RTL algorithm. At this moment, whole surveyed parameters (R, T, M and ¢
on) are empirically selected. We have to consider the physical meaning of the "best fit” parameter e.g., the relation of delta CFS
etc. Furthermore, the most important issue is the relationship between electromagnetic precursory phenomena and seismic
changes. We would like to solve this problem in the future.

goood:gooo,oood
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The subionospheric VLF/LF propagation is extensively used to investigate the lower ionospheric perturbation in possible as
sociation with earthquakes. An extensive period of data over 7 yr from January 2001 to December 2007 and a combination ¢
different propagation paths in and around Japan are used to examine the statistical correlation between the VLF/LF propagatic
anomaly (average nighttime amplitude, dispersion, and nighttime fluctuation) and earthquakes with maghidudieis then
found that the propagation anomaly exceeding the 2s (standard deviation) criterion indicating the presence of ionospheric pertu
bation is significantly correlated with earthquakes with shallow deg#O(km). Finally, the mechanism of seismoionospheric
perturbations is discussed.

Keywords: Earthquakes, VLF/LF propagation, correlation study
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Present status and results: Satellite observation of seismo-electromagnetics
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Localized changes in the geomagnetic total intensity values prior to or associated witl

major earthquakes

oooog
Ken’ichi Yamazak}*

lopooooooo
I'DPRI, Kyoto Univ.

Changes in total geomagnetic field intensity, of 2?3 nT, were reported to be observed prior to the 1995 Hyogo-ken Nanbt
(Kobe) earthquake at the Amagase (AMG), located approximately 70 km from the epicenter. We examined whether the observe
variations are local signals arising from the Earth’s crust, or global variations that are unlikely to originate from the crust. To
remove global-scale variations in total geomagnetic intensity data, we employed a regional geomagnetic field model. Using dat
recorded at five reference sites in Japan, we estimated global-scale variations in total geomagnetic intensity, and removed the
from the observed total geomagnetic intensity at the AMG site. The reminder still showed variations during the period prior to
the Kobe earthquake. In addition, these pre-seismic variations include two of the largest shifts recorded during the entire obse
vation period at the AMG site, raising the possibility that these variations were indeed related to the earthquake (Yamazaki an
Sakanaka, 2011, J. Geodyn.).

These variations cannot be interpreted as signals arising from the area close to the seismic source because of the large dista
between the epicenter and the site. Therefore, our results raise the possibility that the physical state of the Earth’s crust shoy
marked changes over a wide region in the lead-up to a seismic event. However, we cannot exclude the possibility that large nois
were recorded at this time by chance. These uncertainties are inevitable given the reliance on data collected at only one site.
overcome this difficulty, we apply the similar approach to data obtained at difference sites in Japan during 1997?2010, which ar
recorded by the Geographical Survey Institute of Japan and the Japan Meteorological Agency. The results will be presented
the conference.
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