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UL F Geomagnetic data include

1. geomagnetic pulsations (originated
from solar-terrestrial intereaction)
global variation with spatial resolution
several hundredskm

« o] >

o Magnetometers A Remote Magnetometer

L =l B

2. artificial noises ( DC-driven train
noisesetc.)  afewtenskm

3. Variation from crustal activities such
as earthquakes and volcanic activities

In order to monitor or identify crustal activity-related
signalsfrom UL F magnetic data, it isimportant

how to discriminate

1. Geomagnetic pulsations
2. Artificial noises



1-2. Previous study of
Principal Component
analysis for the 2000

|zu |Slands swarm
Hattori et. al. (PCE 2004)

3 station data with inter -
sensor distance of 5km

samplingrate 12.5 Hz
narrow band passfilter with
center frequency at 0.01 Hz

1% Principal Component
2" Principal Component

7/1(M6. 4)
@7/8(M6. 1)
8 @7/15(M6. 3)

= geomagnetic pulsations
= artificial noises are

dominant 39 Principal Component = earthquake-related signals

Problem

2

The contribution of 39 principal component islessthan 6 %.




In order to overcomethedifficultiesin previous analysis

(1) Reduce themost intense variation in ULF geomagnetic
pulsationswith using the singular spectral analysis.

(2) Perform principal component analysisfor the 2000 | zu
| slands swarm in Japan.




2-1. Station map and EQs

Reference site
JMA Kakioka Observatory (kak)
1 Hz sampling

| zu network station

Kamo (kam), Seikoshi (sks), and
M ochikoshi (mck)

1 Hz sampling data Qs (M>6) during the 20
i |zu Islands EQ swarm)

station |at. |Oﬂg. 80~100km
kak 36.23° 140.19° N\ 7/15M6.3
kam 34.86° 138.83° Ly

sks 34.90° 138.82°

mck 34.89° 138.87°




2-2. Observed data

"Kak (Reférence)

Similar global variation has been
observed.

1

Reduce the global variation using
Singular Spectral Analysis (SSA)

12 15

9
December 21, 2000 (UT)




SSA isakind of time series analysis.
Extract periodicities from the time series data with use
of singular value decomposition without any models.

SSA has an advantage against wavelet analysis and
fourier analysis in pulse detection and so on

Procedureof SSA ==




3-1. Singular Spectral Analysis (SSA)

Timeseriesdata  {X;} =X, X, - Xy

1-1. Created the Matrix (kXL) from time series data

5%k X X
N XX X oo X )
S S L : Window Length
X R Kz 0 Xy

1-2. Compute covariance matrix S of X

)(1 X2 .o Xk y X3 N y
X )(3 .o X 2 L
2 k+1
S . XT x —| x X X X2 X3 X4 XL+1
- —| 3 4 I k+2 . .
’ X X .o X
X|_ X|_+1 XN Xk k+1 k+2 N




2-2. Singular Decomposition (Eigen valus decomposition) of S matrix

S=UAU™
Eigenvalue A Eigenvector
U
Al O -~ O Uy Uy - Uy
o A --- 0 u, u u
A=, 2T U=(t, u, - u)=| 2 U2 7 e
o 0 -- AL Uy, Uy - Uy
2-2. Compute V matrix
Vll V21 VLl
T 12 22 W)
v-2Y_ Vis Vos 0 Vig X =U~AVT




3'd Step reconstruction

3-1. Reconstruction of Matrix X using principal components

X =U+AVT

_ ul\/ZvlT +u2\/72v; +---+uL\/ZvI

= X 4 X%+ X

4th Step diagonal averaging

i th matrix X

X K

X12 X22 X32

i [
X2 k X3 k

Xik

4-1. Reconstruction of ith principal Component of G,i~G_ from X

Gli — Xil
Glz = (Xiz + X|21) /2

Gy = (i3 + Xgp + X51) /3

-

Gli\l—l — (Xli_—l,K + Xli_,K—l)/Z

i i
GN = Xk

G}=Gl,G6,--G|




4-1. Global noise reduction with using SSA

00:10 — 00: 15 April 27,2000 UT

L - Kak ( reference )

33

34

33

010




i
35
a4
o]

00z

-0z
-0.04

(S =T

-2

2) s 3 4
06 . 002
04 .
0z -005 .
0 -0
eS I t O A 50 100 150 200 250 fUD 150 200 50 100 150 200 250 iln
0oz ooz 0oz
0
0
-0z d
-oo2 -004 e
760 200 250 300 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 260 =00
@ 0.06 om
004 0 oo
o o -0m 0
-002
0 .
002 -003 i
TE0 200 250300 50 100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 250 =00
%10 %10
Reconstructed 1 - 20th " ;
3 a
. ” : - ﬂ
o 4 -0
principal components 5
760 200 00 160 200 100 160 200
by SSA (L=100
y — = 5
0 0
= &
50 100 150 200 250 =00 50 100 150 200 250 300 150 200 250 300 100 150 200 250 a0
004
04
0.03 00z
0z
-002 o
U -004 -002
B0 100 160 200 260 200 B0 100 150 200 260 200 B0 100 150 200 260 =00 §0 100 150 200
kak (reference)
008 om
00z
0ot o a
0
-0 -0m -0m
50 100 150 200 250 200 50 100 150 200 260 300 50 100 150 200 260 =00 50 100 150 200
%10 <10 <10
. . . .
D : Extract common variations
0 2
-10 n
-5 -20 -2
100 150 200 250 300 50 100 150 200 250 300 50 100 150 200 260 200 50 100 150 200
xm“‘ <10 <10 <10
2 10 &
= 4
0 0 2
B . .
-5
- 2 | nvestigate the correlation
50 100 150 200 260 300 50 100 150 200 250 300 50 100 150 200 260 =00 50 100 150 200
x 10 %10 %10 %10 t
2 1 1 among components
1
0 0 .
4 -1 -1
= -2
50 100 150 200 260 300 50 100 150 200 250 200 50 100 150 200 250 =00 50 100 150 200




Global noise reduction with SSA

principal' °T
t (kam) 12|

14}

= [l
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EIR I:D 1|2 1:4 1I6 1|8 2:3
Number of principal




Result of global noise reduction with SSA

e

gl

34

a2

. - kak (reference) 4

00 011 oz R 014

- Reconstructed Kam global variation with SSA
- kam (original)

4 L- residuals (blue - green)

| | |
o011 o012 013

00:10 — 00:15 April 27, 2000 UT




Result of global noise reduction with SSA
In the case of local variation existence at Kam data

- kak ( reference )

7".5' ] ]
1310 1511 18912

. Local variation at
- kam (original) kam

24
151

Perform SSA global noise reduction from Feb. — Dec. 2000 for
Kam, Sks and Mck with reference of Kak.

Data length 5 min (300 points)

| Keep the local variation

15:11 1512

15:10 — 15:15 April 27, 2000 UT




original data

SSA filter can remove global variation (Pc4)

AT

SSA filter : ey Narrow bandpass
| |4 filer at 0.01 Hz
““Estimated global variation at i
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| Original |

T dama o
Variation caused by’ g :
. 'EQ(M4.8,M4.3) |

-10

Narrow band passfilter at 0.01 Hz can remove shaking effect.
SSA filter can removethe global variation and enhance the small shaking

variations.
SOI-\ IiLe Illg INal | UVV Ddl U |Jd$

filteringat 0.01 Hz
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@ narrow band passfilter centered at 0.01Hz
(remove shaking effects)

(@ SSA filter (Reduction of global variation)

® SSAfilter +narrow band 0.01Hz filter
Midnight data (UT 15-19)

(less artificial noise period)

Perform PCA




(1) Result of narrow bandpass filter at 0.01 Hz
(eigenvalue variation)
EQ Wlth M >6

gl

\/7 :eigenvalue of 1st prmmpal component

\/Z.elgenvalue of 2nd principal component

\/Z .eigenvalue of 3" principal component

ap : ap index (magnetic disturbance)

Es : Regional EQ energy (within 150 km from
Mck station for 30 min intervals)

| Ll | |
6 P ¢
January — December, 2000




(1) Results of narrow bandpass filter at 0.01 Hz (eigenvalue)

(nighttime data)

H Hemaight * EQ with M>6

increase 2"4 and 39 comp. before the EQ with )MMW i
1 M>6 (same results Hattori et. al.( PCE 2004)) . E ‘

no - l | ' 7]
1 |MMM e m! | Lu l I I ‘LLJ uJ'HJJ'ﬂhrL.N«
1 2 3 4 b g i & ] 10 11 12 1
20
6% ' ' | 7% |
ap : 9% 4% .
; L ARl ? .
! 1st principal ! ! e 18 Priﬁci pal ! ]
Es comp. v ! W‘Mwﬁ - comp. NN
79%
7Y — = : == ' _ _ :
| nactiveEQ period i ’ Active EQ period | * 1

Jan. — Dec., 2000



(1) Result of narrow bandpass filter at 0.01Hz
(artificial noise effect)

Variation of principal
componentsintensity in April
2000.

(a) Weekdays

(b) Weekend and holidays

2nd principal comp. : influence by artificial noisesislarge.

Nighttime data : contamination isless.
Lst comp. | 5.6
2nd comp. | 34.9
144l 96 | 105 [ 13

D/N: ratio between daytime and nighttime
W/H: ratio between weekdays and weekend/ holidays

3rd comp.




(2) Result of SSA filter (variation of nighttime eigenvalues)

--- EQ with M>6 Hosa, HoATGIENG,

| | ) ppeérencebf varilation |
| J).A]u LL..‘LLM.LJ\KJJL JJ \%Lsed by shaklng effﬁet“LL

1 g P ] g m 11 1

=

Y N O |

No correlation ; —3 ‘1!: 7 *W‘?Eu“”“
betweem 1% principal . . . .
comp. and ap index B
| I R
9 10 11 12 1

| Il ] Ll 1] Ll I ] h..j,.‘.._.‘._..;_.

1 Conflrmatlon of SSA filter performances B

1

Es reduction of global geomagnetic variation

o | | | | | |
1 2 3 4 3 6 7

5
January — December 2000




(2) Results of SSA filter  (artificial noise effect)

Variation of intensity of
principal componentsin
April 2000.
(a) weekdays
bywe UV S

13 Comp. : influence of artificial noisesislarge.

Nighttime data : influence of artificial noiseisless.

D/N(weeekend)

12.2
8.8

4.5

D/N: ratio between daytime and nighttime
W/H: ratio between weekdays and weekend/holidays



(3) Results of SSA filter + narrow bandpassfilter at 0.01Hz

(variation of eigenvalues at nighttime)

Hssa1 Hz. matnight

* EQ with M>6
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principal
comp.
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principal
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4 ] 3] 7

Active period
nuary — December, 2000 Ve pern

Inactive period




(3) Results of SSA filter + narrow bandpassfilter at 0.01Hz
Influence of artificial effect)

Variation of intensity of
principal componentsin
April 2000.

(a) weekdays

(b) weekend and holidays

18t comp. : ???’?’?’?’? (maybe artificial noise )

Nighttime data : influence of artificial noiseis smaII

D/N(Weekdays D/N(W end) W/H(daytime)

-

4.7
13.
12

14.7

IEEEA N TR I TS S

D/N: ratio between daytime and nighttime
W/H: ratio between weekdays and weekend/holidays

3rd comp.




6. Summary

Inactive Active
period period

7%

J

15t Principal
comp.

+Narrow
passfilter




6. Summary

chiba-u

1st comp.

2nd comp.

3rd comp




6. Conclusion

chiba-u

1. Realize a global noise reduction with SSA
approach using an adeguate refer ence data.

2. Successto improve the PCA performance
using SSA filter and narrow bandpassfilter
with centered frequency of 0.01 Hz.

3. Confirm the performance of PCA with two
station data after reduce the global
variations.



Thank you for attention.




Variation of 2" principal comp. with 2 station data using SSA
filter and narrow bandpass filter at 0.01 Hz (nighttime data

* EQ with M>6
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Serita et. al.(2005) | 3 BRI DK FRE
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2000kamearr ssa night
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