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(1) Introduction
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Boso Pen. UNB, UCU, KYS, IYG

Izu Pen. SKS, MCK, KAM, JAI

Kanto-Tokal UL F electro-magnetic
observation network

Instrument : Torsion-type magnetometer
(Manufactured by SPbF IZMIRA
Data :
Magnetic Field : 3 components

(NS,EW, Vertical)

Electric Potential Difference: 2 channe
Sampling : 50Hz (0.02s)
Clock :  Synchronized by GPS clock

Array with intersensor distance of
5km at Boso and | zuPeninsula.
3 Mag. and 2 Elec. fields are observed

Reference station :
Kakioka Magnetic Observatory

(Japan Meteorological Agency)
- Fluxgate type
* Sampling = 1Hz
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An example of
observed magnetic data
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An example of

observed magnetic
and electric field data

Magnetic. : KAK,KYS
Electric. : KYS
July 16, 2000
04:10-04:30 (JST)
Kp=9 HPF (T=940s)
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(2)| nterStatl On Tl'anSfer FUﬂCtI On(l S-I-F) Magnetospheric and lonospheric

Electromagnetic Waves
(Global Signals)

Response function of magnetic component between ¢ * ¢
two stations )

(Magnetic field at the site ) =(external fields (normal)+ W ,..";.
(inductive fields(anomalous)) + (uncorrelated signals) ”&51553 "Local

Signals
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nals
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A~l: Inter Station Transfer Function (ISTF)

0 X,0Y,d Z:uncorrelated noise

Assume a plane wave as an external field
with vertical incident angle and ignore (1) Kakiokadata (JMA) are

uncorrelated signals(AZ=0). (Z)UIQISedr:tO':'asadr?f erence data.
ight time data

(3) Instead of FFT, we use
&=L wavelet transform.
F=F+l (4 To egtimate I STFs, high
multiple coherency is
taking account.
(5) =5days running median

Magnetic field at _ Magnetic field at i plotted
ISTF plotted

Survey of changesin ISTF
(conventional approach )

AX, (o) C(w)+1 D(w) (AXr (a))j
AY,(w) |=| E(w) F(o)+1|
AZ () Alw)  B(w)

AY, (o)




(3) Variation of Interstation Transfer Function

for Izu Data
Station Map and Earthquake Activity
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¥ Boso LM=50 Kamo (kam) in Izu Peninsula, Japan
7 peninsula | ?ijlf:_mm -Reference Site : Kakioka (JMA)
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- o Y Peninsula & A o For scale of 128s, 256s, 512s and 1024s,
| 200143 Yoo tgy we estimate ISTFs.
msa  j e J N -Remarkable Earthquake activity
et A U N during the analyzed period
@ Izu Island Earthquake Swarm
(from June 26 to September, 2000)
* During the Swarm, more than 10,000
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Result of ISTF analysis. 1zu data (2000-2003)
Variation of ISTF(C'r) [scale=128], 2000~2001

ochikoshi : Variation of IQR (Broken line:10% and 90% line for all data)
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37! (1)July 2000
(active period of 2000 lzu Islands
EQ swarm)

Change of distribution C’

shift of median value (decrease)

Increase of half width

Nearest EQ 2000715M6.3 80km



Case (1) 2000 Izu EQ Swarm
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Case (2) 2001 Shizuoka EQ M5.1
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Case (3) August-September, No EQ case
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Black solid line: X2% and X75
Mochikoshi : Variation of IQR (Broken line:10% and 90% line for all data)
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Summary of ISTFE variation

= |t IS found that three obvious decreases of
ISTF (C’, F’ values) have been detected
simultaneously at SKS and MCK station
(5km distance).

= Above changes are preceding the strain
changes at Tol (5km distance from SKS

and MCK).

= Variation of ISTFs suggests the change of
underground (strain) near the sites.



(3) Remove the global components from the observed
data using ISTE

|onosphere

.

geomagnetic pulsation

man-made noise

v ground-based station

EQ-related ULF emission

hypocenter

— geomagnetic pulsation

observed signals —— man-made noise
— EQ-related ULF emission

How to distinguish the EQ-related ULF signals
from other noises ?




Interstation Transfer Function
ISTFE for magnetic fields

H(w)=T(w) -H, (o)

or

X@) (To@) Ty@)
Zy(@)) (Tx(@) Ty(@)) "

Residuals contain following
signals near the site

Magnetic fields at o Ve e Zr(tgiﬁd?l tn(zjislgf/l
the observation site Ty o -relate
signals




Result of Magnetic
Component

KAK, KYS

April 5, 2001
04:20~04:50 (JST)
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Result of Electric Compoenents

NS (Ex) Comp. EW (Ey) Comp.

(a) High-passfiltered Original Data (T <940 s)
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Possible EM changes at
Boso Stations



2002Boso Slow Slip event

In early October, 2002, Slow slip occurred at Boso area
in Japan. The surface displacement is about 1-2 cm in
the south-east direction. The underground displacement
is estimated about 10 cm at maximum and Mw =6.5.
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Electric potential
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Possible current

estimated from polarity
of magnetic fields
change (1)

01:30 - 01:36 on October 6, 2002




Gradient ofi geoelectric field

[
=]

[mV/km] Q
1
o wu
1 1 1

=
o

[mv/km] 10
o
o

i
[y

I
~
[ ]
N;‘DP—‘N I(J»lhOr—-N N = O KN oWt oW,
T [ [

T
x

[nT]

[nT]

[nT]

_ MWWMWW 01:30-01:36

01:20 01:30 01:40 01:50

06'

¢ oo

140 00' 140 06" 14012 14018

background




Possible current

estimated from
polarity of magnetic
fields change (2)

03:00 - 03:10 on October 6, 2002




Gradient ofi geoelectric field
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Simulation of signal prepagation

s 2D EDTD simulation has been performed
to Investigate the EM propagation from
the assumed line current source.

s For the simulation, realistic parameters
(underground conductivity, Ionosphere)
have been chosen.

= A line current source Iin the ionosphere,

on the surface, In the subsurface are
examined.
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Simulation Results

= lonospheric source
= Not good In polarization
s Surface source

= Not good In for propagation
distance (amplitude)

= Only shallow lithospheric source

= almost satisfy the observed
characteristics
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Slowslip event in August 2007
(the 279 slowslip event)
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2007/09/11 01:20~01:50(JST) Pessible current

= estimated from
polarity off magnetic
fields change (3)

01:20 - 01:50 on September 11,
2007 (just after slowslip event)
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Summary of noise reduction with ISTE

s ISTE with wavelet transform Is effective for identify and
eliminate signals originated from external magnetic variations
(T<940 sec) for both geomagnetic and geoelectric potential
difference data

= Application to the unusual data observed on October 6, 2002 and
Sptember 11, 2008 at Boso Peninsula shows the high capability
to analyze details.

= The results of these events are highly suggestive of the existence
of electrokinetic effects under the ground near the stations. The
2D FDTD simulation results also support above results, if aline
current source exists. It Is the first time to capture so clear
signals in situ observation.



Conclusion

s [he proposed ISTF method with wavelet
transform Is effective for both monitoring
of underground structure changes and the
global noises (upper-atmospheric sources
such as geomagnetic pulsaions) reduction.

= The ISTFs seem to have a variation with
the strain change in lzu stations.

= The electric-kinetic channels seem to exist
under/near Boso stations and activate at
the time of slowslip.
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Example of Multiple coherency (magnetic fields)
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