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Short note for an analysis of geomagnetic field variations

PEFART (KRBT HIBSBERIFT)
Ikuko Fujii (Kakioka Magnetic Observatory, JMA)

Abstract

Some examples to analyze geomagnetic field variations in order to investigate effects of the
induction, volcanic activities and outliers are overviewed. Statistical methods such as the
empirical orthogonal function, transfer functions in the frequency and time domains and the
Kalman filter were used to directly or indirectly model target signals. Results of those statistical
analyses suggest that global and regional variations are successfully detected and that local ones
should be modeled with care.
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Fig. 1 Yearly mean values of the geomagnetic

vertical component at Kakioka (KAK), Memembetsu

(MMB), Kanoya (KNY), and Chichijima (CBI).
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Fig.2 1-minute values of the geomagnetic horizontal force H, vertical component Z, declination

D, and total force F at Kakioka in (a) a quiet time (November 26 to 30, 2003) and (b) a storm time

(October 27 to 31. 2003).
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Fig.3 Normalized eigenvalues for first five EOF modes
estimated by applying a robust EOF method to daily
values of the geomagnetic field variations at 79
observatories for 1967-82.

BRAGECNIEBICL > THRHATE B,

SEM», 5AXVERAHMTIZ. E1+
— FMfhoE—F XY 10524 E3K< | B
BEMTIILALELIE—FTREIN
BRHTTETCWBIERDME, ZC
IR ERWVWA, 1 E— FOLERESH
i, HEREROEMBOL ZAILHEFE
REMKE . EEM¥EROFT—o T4 —1
NARED LEHE km QL ZAICHPR

BHBTENL. BE5 B LV ERABMAITIE LI >0 — FIZEQHNTE B L) L THBEYBE- T

BT EMTFRENTS, EEAMRTIIESKESI 12 E4HIC, 1996 F6 A~8 AIc7 4 Y ¥ BRED
O 9 BARTRA SN HBETOKFE 2530 1 I, v/8X k EOF 28R L THOARBILL
TEAEZTY EH&HE, 1999). BREZRILBLE-FEEBELTWHLRELT, i<
EHE2E-FETRTRRAAT—BHY, B3 ET— FUTOFEFLELCIE|RTE 2V, ZOFAM



HTIIRIBEE 2 ML RS ENTIONELL, YOE- FETEETNENERNLRICR
ST BTHBHIZEBTHREND, F1E—FEF2E— FOEMBERRSBLELAE L HAE D
EBTHHZLBE<. B3 T FUTRI< bh bV,

_EOF Eigenvalues H4H0 19964 6~8 417 1 ) CUMWAIO 9B

g T AT ] RATEE S HBSKT 2 R8 1 SN 5B
§ ol 5 | o] PIEE/SA T EOF B2 X BMMBEE NI EAE,
g E ] EfL 5 E— FETT,

u:';’ 10 r“ I it ] Fig.4 Normalized eigenvalues for first five EOF
E modes estimated by applying a robust EOF
E method to 1 minute values of the geomagnetic
§ ! F field variations at 9 observatories in the
’ : Philippine Sea for June-August, 1996.
0'11 T 1|0 — A1‘00

Period (minutes)
3. ABEEFEECOIEEREEMALERRIT—FYDOET L

HIRWMBEDO T — ) T AR MOFHNRRD BV TR, BRIIF—F L LTEREZY 720
BE., KEE L VR ERIARS 2 RFFCR O LERHTL 3, 120Kk, JGRF O & 5 W% 5)
IZxt LT EOF 2 1T WEERE— FEBRT A LIZL» T, XERLL BRBRERRBIZARERX
NBRGAE L, BREESCERN ) A X YORFHELESHETIZ L THD, LirL, FIETR
LI ERERRES 22K L THMARRBICENTIORELL, AEKICIIENLHD L E
25, BRIICHT S EOF TREBTREET— FORCERBENH T B THS ) Z LM TFRE
h3, $i-, XL BEBERMEN EOF L LTRIROESE V2 T5 L LB,

LIVHMAFEREEABLT, REBEEZMALARRIITFT-20OETMEEELD, ZOETIE, #
BRT— I R—ZAOREELBRICEARE L7075 A (Fujii & Schultz, 2002) OBI{EREREZBIT
%, ZHhii Zhang & Schultz (1990)iZ & % EXORCISE & B TH 5,

RTEEE CloA i & 910, REFEER 8 EERECRUAN., ARRSFETERN2ZBERH T,
HEBEEAA L THARAT— I 6ROBRAT—F 2T N TED, ZI TR, 2 0HAH
RHHZLaENLTHEEZ LT3, T— 2 02EMAE2E 2 5, BEEPICHBEKERIFFRS X, 0.
x5 ), xi6), ~BHBEE, du@)=x+)- x@). 7243, d0)= x0)- x(t+]) TR ENDHIE ()
ERAWT,

dx; (@) = a(®) dx ; (@) + b(®) dvi (@) + c(@) dx) (@) + - oY
DESIETNMET B, dul@hd. EEdO)DABERoTDAST bV TH D, xin x5, x xitEX, Y,
Z. FESOWFh T, BRIANKRLR S TOTHMEDRY, a. b, cixiNdy@IZx3 2 AHdy ).
da (@), da@)DISEBBTH D, ANITES BRI, HHheoMERENLOX BEMIZRY, 2&E
BEE LT 2FRICEET SR 10 B THATE S, RERBOREICIIo AR MREHEXRY A
N7 o4 7V ERA L, HARRRZ AN GEEBREEZES> TROEAAUTFHRRARZ bV
EFHT—)EBRLT, ANOTHESRIIEZHET S, THBRIIBAHSRBRABEL KE<R2>T
DHEBIREELHET I, AMNMCEBEAHH5E2ER L. BRETORARELZEIZHAL L



TREECESME2F v /T3, ZhZ 2HBAOMEETRIEL, EENARL 7RTHHIME
RTHINREDHELT B,

ROOHBIC T2 &EAV20E. BROELOREL T TREELEBI-E3-D L.
FFTEME LY+ EBMOELEZRS =HTH B, FFTEREE L Y RAYMOE/IIFFTIZR L E L2
D CFFTE A DA prewhitening S LEIZ 255, L<HAINBARfilterR ¥ 2HATH L, HT—
Yz EBREFZT ANV F—OBED LR INFRIHEORBENELTLE D, £ T, FIELAV
5L TT—YORAMES EZ/HE L, FFTHHEMIRMOFESHEE BT b L FIIBRW TR D
TRIFRERYE.

Bo5EIz, 1998 4 1 Aicihif & LI CHRM S - R X, Y. Z Ay 1 SHEEICS LT, BEE
HEET-=8I2FRT, H 6D OBBEOP CRE D XS E ZHEAITIR, TRENARBAE R34 2
ZLIEATHOATIMIINA THD, REFEHESX LEZER. 65 1 0ASOBRRABEOF TR LHE
SN, AIMIZEXTRAIE AL 7D 2HTH -7, 85 R@IRANCH T 2 FRIE L ZERIZ
BRIENEOLE F5HOIIATHIIME b 231 7 & FREOKETHD, F 5@ L,
AEEE2EDTHE T OBBEARNTRELFRN TETWH I EMHbM 5, B5HLITTTLIIZ, 7
7' 513 100nT BREORER R ORK 2 +oRIHTE 3,

30 T 100

(@) : (b)

20

10

o / ﬁm .-"; \ m [ﬂ 50 | “
. ]
“\! * : |

& ! oPory A Ll vy

----- KAK X Observed -
=30 ¢ —KAK XPredicted [ | i {1 KAK Z with a spike
b ; - : ——KAK Z Predicted
40 L i i i -50 H i i )
70 80 90 100 110 120 130 140 100 120 140 160 180 200
Hours from 1998.1.1 0:00 Hours from 1998.1.1 0:00

FHS5HE (@O XROAIANICE X bNZRANCHT5TFRIM (R LBENE (R8) O,
b)) ALBICARL 72 MAbNI-HE Z RS (RR) & FRIME (ER) ok

Fig.5 (a) Comparison between the observed and predicted values for an artificially given data
gap in the X component at Kakioka. (b) Comparison between the observed Z component at
Kakicka with an artificially given spike and predicted one.
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Fig.6 Decomposition of the total force at Kanaso,
Miyakejima by the stochastic difference method.
From top to the bottom, the observed hourly values
from March to November, 2001, coherent variations
with the total force at Kozu-shima (KOZ), X, Y, and 2
components of the geomagnetic field at Kakioka
(KAK), respectively, and residual.
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Fig.7 Decomposition of the total force at Aso
-ganjyou (ASJ) by the stochastic difference method.
From top to the bottom, the observed hourly values
for 2 years from January, 1997, coherent variations
with the total force at Aso-sanroku (AHK), X, Y, and
Z components of the geomagnetic field at Kanoya
(KNY), respectively, and residual.
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Fig.8 Comparison of trend estimates of the total force at Kanaso, Miyake-jima. The
nighttime (dotted line) and daily (thin solid line) means of the simple difference from the total
force at Kozu-shima, and the daily mean of the residual with variations coherent with the total
force at Kozu-shima and X, Y, and Z components at Kakioka removed by using the stochastic
difference method (thick solid line) are shown.
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Fig.9 For the total force at Aso-sanjyou, comparison between the simple difference from the total

force at Aso-sanroku (dotted line) and the residual of the stochastic difference decomposition with

referring to the total force at Aso-sanroku and X, Y, and Z components at Kanoya (solid line).
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Fig.10 Comparison of the residuals of the total force at Aso-sanjyou that were obtained by
applying either of 3 sets of the stochastic difference filter coefficients to a 2-year segment of hourly
values. The data lengths to compute the coefficients for the 3 coefficient sets were 2 years (thick
solid line), 1 year (dotted line) or 90 days (thin solid line), respectively.

10 It En MBI, K@QOEF /I LOMBEE LTRADZ ZENRTE D, K@) T, AFG)
WIRKUHEREE 2 SRR REAMEMS H A Z L 2 E L TWH—F., BN EFEORERELSR
KEBWTIRAFODZERPHTET T b/ 4 X LTRWVAFGOREBRHIE S OBV HBHEIC L > TR
RARAL STV, AFDICRAMEMAH D2 BEL T4 v T AV ITERRLETHDHZ M
bhnd,

5. M7 4 NT—IZ LB KINERG R

RS ENEORFTBEFANEMEN I IO Thhs TE-MEAZHEL . MBLXUERSEHO
M2 FRIHERCITOIRDIL, drwr 7oy — (B2, LN, 1998) 2B0 ANEFikiE
R L7~ (Fujii & Kanda, submitted), FAR&#ELAIL. TTEFALZBVT,

F@) = t(i) + s()) + r(i) + w(i) (3)
DX oz, BREFO%E. RAMEEG. BAMHESsH. BREE OEBRSr6). BRl/ A Xwi)d 4
DILHRLIEEZ L TH B, wiIETTFHO . DREDS o X L) A XIZHED EIREL, IV T 4 NT —
Twi)ZBEVIETHEOICHRE, Rl 7 A—F—DOA A b IZAICTHIT 5, =751,
r() = f fAk(j)Xk(Hj) (4)
k=lj=—L

AIE B DOBBT — I XNDEETH B, 1) Ls@HIIRDDO L S5 ICHELRE 22O TR ThEh,
W< Y& LR E B LZAMMLREIICTT 2B R EHF.



[—z% Sz8 »iHn|

0 2400 4800 7200 9600
6 .
"‘"\w\;,, ) \/MWW
2t :
“ o |
2400 4800 7200 9660

200 :
]t:ﬁwﬁ@ﬁﬁw
=300 . L . n _
0 2400 4800 7200 9600
6 S—
4
2
zo
-2
4 [—Sa- msosEns i
-6 R Y :

. PR -—— 4 - - . . PO . - . . -
) 2400 4800 7200 9600

H1E &G 200142 A4 23 H~20024 5 A
19 DA 1 BMEZ IV~ T 4 VT —Thy
LFl, EXo, BAME. ERMEE. MEo
X, Y. ZrS L HBETAED, AOER, BRE,
Fig.11 Decomposition of the total force at
Kanaso, Miyakejima by the Kalman filter
method. From top to the bottom, the observed
hourly values from February 23, 2001 to May
19, 2002, trend component, coherent variation
with X, Y, and Z components of the geomagnetic
field at Kakioka (KAK), periodic component,
and residual.
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Fig.12 Comparison of four trend estimates of the total force at Kanaso, Miyake-jima. The trend
component estimated by the Kalman filter method with three vector components of the
geomagnetic field at Kakioka as a reference (thick solid line) is added to three trend estimates

shown in Fig.8.
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Fig.13 The trend component of the total force at Aso-sanjyou estimated by the Kalman filter

method (thick solid line) in comparison to two trend estimates shown in Fig.9.
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Fig.14 Three Kalman filter estimates of the trend component of the total force at Aso-sanjyou by
using 2-year (thick solid line), first 1-year (thin solid line), and last 1-year (dotted line) segments of

hourly values.
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