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Correlation between deep-sea fish sighting and earthquakes around
Japan
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Souce mechanism for seismo-EMs- Coupled interaction of rock
rupture with deep Earth gases
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HMEICHD ERSRRORBRICEL TENRH DAL T, BEESIEAI’RELAZERDY vy VHEED
SCHEINZHBRFEZIIBATEIHADHEERY —R - XAZALEEZZIMREEDHTE R (Enomoto
& Hashimoto, Nature 1990) , BAMIEO S RERTEONIBREL YV T EADWER HAMENE
AEEE OBfRE D EICEEDT7 4« — )L RTOERKBIREBICHL T 2ERELHELZ. TLTES - ¥
NR=)LANCE D WTZOERNFZE T MO BEEERAEE OB AT > TETIVDMRIEA1T o7/ 29
LTHELNERERIE. 1965-1967#REEFHE TRikitake > D 7L — THEAI L = K DZEN(Yamazaki &
Rikitake, BERI 1970)% 5 & < 2B 9 % Z & N TZ 7 (Enomoto et al, Sci. Rep, in press) . MAREEFME X
2-5kmDFEZWE A TRELMEL S IO TERBIREREERTIT 2D, ROBRIEDEHFE L GEATL
201 RALHHEDOERZREIFH165C. RERAEDREIF200CLHEEINTWND, T TEA ML A
&) WIEmIC200CICMALZKEBAREBATIEREZEDHTWVWD, ThERARKFICEGEEZRTMRLL
EFICHMBFSINZFTENFAMNERSTHAEL., TOEREFEEZARTVWS, ERTOWIRERTIXEAIC
BAINZ I TV I DERRDADNIMEBE D T TCHEBNFRFANEZ 27280, ARFEEREBHFBAREMIT
2msec)DERE—IVDNROSNAED, BRICARS EHIEFEMA T TR AR BE TCORIZERMOMBDTES
ZIFAZBFEEROMEFEI R Ao 7,
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2D and 3D structures of lonospheric anomalies preceding the large
earthquake
2D and 3D structures of lonospheric anomalies preceding the large
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Many papers on ionospheric anomalies possibly associated with large earthquakes have been reported.
As for the lonospheric approach, it is important to reduce the effect of geomagnetic storms. The
influences of a magnetic storm on TEC variations depend on the intensity and onset time of the storm. In
this study, to clarify such dependences, we applied classification analysis method to the storm data (Dst)
and discussed the response of TEC variation to each type of storm. We picked out all the 294
geomagnetic storms during 1998-2013, and classified them into 3 types in magnitude and 4 types in the
onset time (local time). A bootstrap method is used to calculate the average variation of the TEC for each
type of storm. Then, we could find the accurate period affected by each type of storm. Next we performed
statistical analysis of the TEC anomalies possibly associated with large earthquakes in Japan area during
1998-2013. There are statistical significance of positive TEC anomalies 1-5 days before and 16-20 days
after M>=6.0 earthquakes. The significance of 16-20 days after earthquakes may be due to aftershock
effects of the Tohoku earthquake. Then, we used the Molchan’ s error diagram to evaluate the efficiency
of TEC anomalies for short-term earthquake forecasts. The result indicates that the predictions based on
TEC anomalies are better than random guess, which suggests that the TEC anomalies contain certain
precursory information of earthquakes.As for the tomographic approach, we investigate the spatial and
temporal distribution of ionospheric electron density prior to the 2011 Tohoku earthquake (Mw9.0) and
additional large earthquakes in Japan. We found the common TEC increase on 1-5 days prior to the
earthquakes was remarkable and the electron density was decreased around the east-region of
reconstructed area above the epicenter around 250 km altitude and increased the wide area around
3-400 km, respectively. We also analyzed several cases for ionospheric storms using the tomography. The
detailed results will be presented in my talk.
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HE, MEFRICEKITT2HARBRIIRKNIBEINTE Y., TOHRTEHERBEHREF B (Total Electron
content: TEC)DEF L. BHMEFADOEHRERTH D, —A. WETIEIKRMEICETLTI—FT R
7 - JEY—(G-RBIIHED b EAREMEICEWTAEDOHERGAICL > THTERT IV LETT S
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Z I TAME TR, BRI 7 IO—F (BEEBE) ICHP2M7O0—F (bERF) #MA3Z&IC&UF
ABEEDOALEHA~SD. DXV, bEREFTEZAVHBREE (KHIEOXEE) O - BERICL 3RS LU
BHFAAEORKETECEHOEN - EEZ2HMA L. EEHFHFEOBE L E ZOERFMNREI% 1T
.
AR TIE, 20034, 2008F+EAE, 201 TERIHHEL /R E L. £91E. BUERERLTM7I 3
ZOMEAFEEL TV B TEHPRILHDbERT AT o7/, ZOHKR. BTERACZOHEETRELE
M7LLEDMEICK LT, bEMBEDFHELY LKL TET T 2RI H 2D &b >7. 2003F+
EEShthE (M8.0) ICBBLTIHEZ D bEDEEELLAAE LER. AEREDI6HAIE3ARIE 2HATIC
bENRT Y TRICET T2 &Moo/, £I T, bEERIT—YIDEEE LT, BEDbEDFHEES
WEAICTE -2 BAEEREEEER L. —A, UEEMIBOTECERICEL TIE. M6.0LLER 40 kmBlU%
DOHED1-5HFNCEDEENEETH 5 Z ENRETNICHER SN/, 2003F+H#E (M8.0) ICALT
&, AE2BBNIICEDTECEENARE D I ENHEINTWS., ZOEEL O KGEHIERICAY., Z0D%
DEDEBIIKIFEHNCIRIINTWSEAEELHD. choDZ eEND, HESHICEAL TIE. bERED
AEICI6HBNICKITLTREL, ZORTECEEN K 2 b5, 201 1EFRILHIETE AFAERD
BEohir.
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The Gravity Waves (GWs) produced by an earthquake propagate upward from the epicenter to the
ionosphere. The GWs interact with the ionospheric plasma and generate the density perturbations which
can be detected by different radio remote sensing techniques. In this paper, we study the vertical
coupling between the lithosphere-atmosphere-ionosphere (LAI) coupling through signature of IGW waves
generated from major seismic activities observed in different altitudes (D and F layers) by subionospheric
VLF/LF waves and GPS TEC measurements. We will demonstrate the Travelling ionospheric disturbances
(TIDs) induced by major earthquakes observed in the both ionospheric altitudes and deduce their
propagation characteristics.

Keywords: VLF subionospheric waves, GPS TEC, very low frequency, earthquake, gravity wave, travelling
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Correlation between earthquake occurrence and the anomalous
propagation of VHF radio waves indicated by the gain and the p-value
of prediction maps produced by a simple objective algorithm in the
Shimabara area, Kyushu, Japan
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Electromagnetic precursors associated with the impending earthquake, such as variations of geoelectric
current, total electron contents in the ionosphere, and anomalous transmission of radio waves in the VLF
or VHF band, have been observed (e.g. Hayakawa, 1996). Recently, some researchers have discussed how
these precursory phenomena relate statistically to the impending earthquake (Le et al., 2010, Orihara et
al.,, 2012, Hattori et al., 2013, Han et al. 2014). Anomalous (i.e., beyond the line of sight) VHF-band
radio-wave propagation is one such claimed short-term precursor; physical preparatory processes of
earthquakes may produce/attract electromagnetic scatterers in the area over the source of the impending
earthquake (Kushida and Kushida, 2002, Moriya et al.,2010). Hokkaido University has been monitoring
this anomalous propagation in several regions in Japan. On April 14th 2016, an Mw 6.5 earthquake
occurred in Kumamoto, which was followed by a nearby greater Mw 7.3 event on April 16th. Just before
these events, anomalous propagation of the VHF radio wave from an FM station in Miyazaki was observed
at Shimabara receiving station. Epicenters of these Kumamoto events were between the broadcast and
receiving stations. To evaluate the statistical significance of the tendency that such anomalies precede
impending earthquakes in this region, we made a spatio-temporal map of earthquake alarm (though for
only one spatial grid, which is the region between the Miyazaki broadcast and the Shimabara receiving
stations) based on the data for 2015 to 2016; after anomaly appears, we turn ON the alarm for a certain
period of time L, and thus divide the whole observation period into “Alarm ON” , “Alarm OFF” , and

“Undecided (due to missing data)” periods. The alarm map was compared with the occurrence of local
earthquakes with M > 4.5 after declustering. The result, the associated p-value was not low enough to
suggest the statistical significance.
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