Jx—7Vy FVEBRZAVEERBICEBERBROHE &
HMEMNETFT —FZOESARMNIZHSOPNT

Fm R IBRSEE® FHEEL S RRES

1. FEAFHET T 5 —
9. FHEKEME A VAT LG F— 3. FEREBFMHRAEN

Wavelet-based Estimation of the Electromagnetic Transfer Functions and Its Application
to the Signal Discrimination of ULF Electrical Potential Difference Data

M. Haradal, K. Hattoriz, N. IsezakiB, and T. Nagaol

1. Earthquake Prediction Research Center, Tokai University
2. Marine Biosystems Research Center, Chiba University
3. Department of Earth Sciences, Faculty of Science, Chiba University

Abstract The contamination of external source geomagnetic effects such as the
geomagnetic pulsation and storm has been of serious problem for the study of
earthquake-related electromagnetic emission in the ULF ( f ~ 10Hz ) band. The authors
developed the effective method to reduce their effects from the electrical potential difference
data and magnetic data on the ground. This method is called “Interstation Transfer Function
(ISTF) method”, which is based on the magnetotelluric and remote reference methods. We
applied the continuous wavelet transform instead of the convensional Fourier transform in
the whole processes of signal discrimination because of the superiority in the time-frequency
resolution of the signals. The Morlet wavelet is used as the mother wavelet in this study. The
proposed method has been applied to the electric and magnetic data observed at the ULF
electromagnetic sensor array in the Boso Peninsula, Japan. We used the magnetic data
obtained at Kakioka Magnetic Observatory, JMA as the remote reference. The accuracy of
the estimated transfer functions was quite well, which contributed to the appropriate
reduction of the external source effects. The validity of the signal reconstruction was also
examined by using the simulated seismic electric signals (SES). The results of the
verification indicate that the detection of desired electromagnetic phenomena will be
possible regardless of the geomagnetic activities.
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Fig.2 Waveform of the Morlet wavelet (8 =5)
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Fig.3 Location of the observation points of ULF
electric and magnetic field at Kanto and Izu
area, Japan. KAK indicates the Kakioka
Magnetic Observatory, JMA.
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(a) Magnetic field (upper line; KAK,
lower line; KYS)
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(b) Electric field at KYS (NS & EW)
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Fig.4 Example of the electric and magnetic field
data (July 16, 2000, 01:00~05:00, LT). (a)
Horizontal magnetic field at KAK and KYS, (b)
horizontal electric field at KYS, respectively.
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Fig.5 Estimated interstation transfer functions (T;)
between KAK and KYS. O and @ indicate the real
and imaginary parts of the transfer functions,
respectively.
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Fig.6 Estimated interstation electromagnetic

transfer functions (Z;,) between KAK and KYS. O
and @ indicate the real and imaginary parts of the
transfer functions, respectively.
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Fig.7 Results of the reduction of the external source field at KYS station. H,, H,, and H, components,
respectively. (a) High-pass filtered (T < 1,024s) original data at KAK (upper line) and KYS (lower
line) stations. (b) Estimated magnetic field at KYS from KAK by using T,. (c) Residual components

Fig.8 Results of the reduction
of inductive electric field
associated with the external
source field at KYS station. E,

02-;50 : o300 and E, components,

respectively. (a) High-pass
filtered (T < 1,024s) original
data at KYS. (b) Estimated
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Fig.9 Frequency distrubution of correlation
functions (y2) between KAK and KYS stations
for the interval of 03:00-06:00 on July 16, 2000
(LT). O indicate the correlations of original data
at KAK and KYS stations. (0 indicate the
correlations between the residual component at
KYS and original data at KAK.
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Fig.10 The simulated rectangular waveform of
“seismic electric signals (SES)". Amplitude of them
is 3 mV/km and their width is (1) 10s, (2) 10s, (3)
20s, (4) 10s, (5) 100s, (6) 200s, (7) 300s, respectively.
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Fig.11 Explanation of procedure to make the
virtual gecelectric data with simulated SES. (a)
The gecelectric field variations really observed at
dipole 1 at KYS for the interval of 04:00-04:40 on
July 16, 2000 (LT). (b) The data with virtual SES
as in Fig.10.
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Fig.12 The result for the detection of virtual SES.
The numbers in the figure correspond to the
indices of SES in Figs. 10 and 11.
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BEE RV 7 A2 IRFIRTHIEZFIAL
TV, &, INBMBOHEEDBRIZ, B AT L
% BT B EA IR - 2 — VBT RO T,
LA BlRlAEoe—L o MR ERSEZET
B EBAERERRDT.

BREOBERICLY, B8, BE7—2(3M
1,024 BLL F) DO ERMBEROERE LT DK
BRNBRMICBEEENT. SIS TAVETALE
AL Iab—vaildy, E5RMoBRIC L
OBEFON B (BER, IR18, REeFM%) 2R 15
SEATRENT. ThHIZKY, ERRAIE TH T 1
REKBEEL CoMBIE T MM 2EREHERD
BRIHZFTREICL, HRIEBOWIFERNRERIND
ZeRHIRtEND. ¥z, BTG FOLOBRA A
+AEE, READ=ALEHHT S L TEERZG
a2 1§D Licid.

BREOWMICLDIRERIL, BREEER AL
UK 31T B LSRN E T L RFTE T TR S 1D,
TR 2B EARRITFICEENEBHICSESh
518, BIUHTFIANCADA L /A X (HEEER
THIALOWEREBIR) LORMNBEHNRETH
5.

HWESHEERO MEKEDHOREIL, FFRH
5, AEREFURTOREME 52 AV ERERA I
BOWTLIEALBBE ThHo. 2FD, Uf BitEFF
SHIBEREIIIHEN T A/ A X THDID, R
Fio kb SIN OB FITII ST ERD. ZRETO
UREEA 1T, MBEAREIARERICR2O2VE 10
BWUTTIThh T&. BEFEREREDLNTVD,
HBESOEREEEEILOT=FE ANLLIE
I ¥F 7 & “ ACROSS ” (Accurately Controlled
Routinely Operated Signal System:f&&EiZd:,
2000) T, ZEHROBVAHDLES 10 BLLLE
OEIEME FERYBO LENRHD. BBELZMELE
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HERBFICMARBOEEMNRRIAEND. ZhHD
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DITIE R RRNTHD.

# &
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AFRIDFHFAREAHFRC) (REES
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