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Variations of Baseline Values of Geomagnetic Field Observations
and tilt-change of the sensor at Syowa Station

Shin Arita'*, Tomofumi I, Junpei Oogil, Kosuke Takahashi’, Akira Kadokura’, Yasuhiro Minamoto*

(2019 4E 6 H 1 Ha2A4: 2019 4 8 H 27 H )

Abstract: At Syowa Station, Antarctica, the baseline values, or the difference between
the absolute and continuous measurements, vary relatively significantly in summer. They
are possibly due to artificial disturbances from magnetized objects, and/or changes of the
instrumental environment such as involving the tilt and temperature of the sensor for
continuous observations. To evaluate the effect of the sensor tilt, we continuously
monitored its behavior with electronic tiltmeters over two successive summer seasons (Jan.-
Feb. 2013, Nov. 2013-Feb. 2014), while also intensifying the frequency of the absolute
observation. The variability of the tilt was found such that, its angular changes in the East-
West and North-South directions were 30 to 50 and 10 arcseconds, respectively. The
observed variations of the baseline values can be attributed primarily to the sensor tilt
changes, with its contribution estimated to be up to 60 to 100% for the D component and
30 to 40% for the H and Z components.
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Fig. 1. Variations of the baseline value at Syowa Station. Those involved in this report are plotted with
black squares. Summer periods (December to February) are shaded.
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Table 1.  The timeline of the measurements for this investigation in Period 1 (top) and Period 2 (bottom,).
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Fig. 2. The fluxgate magnetometer and the electronic tiltmeters at Syowa Station.
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Fig. 3. Relation between the outputs of the fluxgate magnetometer and the geomagnetic field vector.
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Fig. 4. The outputs, X" and Z’, of the magnetometer with its sensor frame rotated by 0 about the Y-axis.
The tilt angle 0 is positive when the level on the magnetic north side sinks (“N down”).
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Fig. 5. The outputs, Y’ and Z’, of the magnetometer with its sensor frame rotated by ¢ about the X-axis.
The tilt angle ¢ is positive when the level on the magnetic east side sinks (“E down”).
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Fig. 6. The observed data in Periods 1 and 2: (a) N-S tilt, (b) E-W tilt and (c) temperature of the sensor.
The dates of the absolute observation are marked with \/ .
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Table 2.  Relative variations of the baseline values and tilt angles observed on the dates of the absolute
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(b) fEFtD

observation. The baseline values predicted from the observed tilt angles are also shown.

LY fBURHE Hf TE 2L R
[ERUE KRSy | OShERRSY | AR | BEALERSY | S | KRS | EARSY | RARS
H (nT) 7 (nT) D (") IN-S (") [E-W (") | H (n) 7 (nT) D (")
1
2013/01/02 0.0 0.0 0. 00 0.0 0.0 0.0 0.0 0. 00
2013/01/10 -0.3 0.8 -1.21 0.9 -37.5 0.2 0.1 -1.24
2013/01/18 1.7 0.6 -1.26 3.9 -45.2 0.7 0.4 -1.49
2013/01/25 1.9 0.8 -1.29 6.3 -44.6 1.2 0.6 -1.47
2013/02/02 3.1 2.0 -1.14 8.2 -46.9 1.6 0.7 -1.55
2013/02/13 5.0 0.4 -1.23 8.7 -44.6 1.7 0.8 -1.47
21
2013/11/19 0.0 0.0 0. 00 0.0 0.0 0.0 0.0 0. 00
2013/12/05 1.2 4.1 1.38 14.3 26.3 3.0 1.4 0.84
2013/12/18 -0.8 4.8 0.85 10. 4 13.7 2.2 1.0 0. 44
2014/01/18 -0.5 0.9 -1.11 5.8 1.7 1.2 0.6 0.06
2014/02/06 4.4 1.8 -0. 85 7.4 4.0 1.6 0.7 0.13
¥ FHIWIRIE20134E 1 H2 A O %, F2WIRIZ20134E11H 198 OfE A FEUE(0.00) L LTV 5D,

X BAMER, EhEndbfl, KL AL LS ICESBEMTS.
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Fig. 7. The baseline values of the D component and tilt angles observed on the dates of the absolute observation.
The baseline values predicted from the observed tilt angles are also plotted.
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for Period 2 in Fig. 8.

DDA IRANG: Z TR O W THE L7z, — D3 L2 ERHEED#E W ThH
B, 32Tl XHI, FIHMEFE 2 MM TRA2LMEMA L. 62 WMo,
B A RIS D L HIGTE ZRGT+11% DS T—3% Tholz. TOEVHE?2
IR OHEE FEAE IS G- 2 2 5B SRR RZALR ISR D R E CBIN A 25, ZD#E H IR
+0.3nT, ZJE5: +0.1nT, DS —0.03 THolz. ZORITHSBIHOEEEL LTRL
727 259 OBIERMED T T — =L I L TH /NS L, BHFIREDOENZZZFT
BRTEAEROMBHU B Z G2 5\, b ) — DI XBIHI I35 2 Mo Bhll o >
WTTH A, 51 HIMHIE 43 HOMIZ 6 MBI 292 L7z, —75, 252 WIkIZ 80 H M
WCHERE L 22N S HTH Y, FOMBEIZE 1 B0 2 F 23 3 BUEE 72 HEE
AL, AT B & R O BU O B ORI SR T 5 7250, HEE SE O R EE
X, MBI OMBEOR SIS L v, — 5T, fdtBlloBRIR 25138, HEHRZE
(LU OBEIBREE S ELT 2 W II R 2 57259, 202 LIIERIELLA O Z oo
WEEN, EIMEIVE2METEL hoTwizt W BFEE —%T 5. AWEOH
i, B OBt oV — OEFEL BN BRI~ G 2 2 B E i CTH Y, T DOEIR
BV L S BIGERTE /. LA L 2 B X 9 IHXICHRIZEC X 55
BRAVNSL DG AETIE, BEOSVERITELL 5572045 %OMATIE, L0 #EY)
Z TR CHOS B & s 5 S L E L 7 57259,

5. F & ¥
AL BT, MBS X0 A & M7 BHINIERME DB 120 LT, BHIERBEEN T
b HMERIEE D EDORELEZ KT L T D223l § % 72012, #IFHIE TS MG
ZRRE L, ASBIZ W X ) SHETER L2, HEORRENS, Z0#b ) H 5 HHH



20 AHH EEH,

(11 A5 2 A) (CHEEHHE TR T 30 B A0 5 so MR, sl cid 10
MAREOBE RMEREE D 5 2 L2 L, R BIN A~ Z T E G TR R
T, DT 60% 25 100%, HEGE Z K5 T30% 25 40% FELHEETE 2. Lal,
ZOMOER, FIREZEIC L 2ELEZLENDH 5.

BUE SR GIT S EIN T HE Rt L TV 2 A BN O W TiE, RUIM R LERES InT & L
TWwb, THIIAREEBINESHEE 55 5RICBVTED LT S MU EREEAUH 810
DM T IS 2 D TH B2 (BIHIZD2 (2012)), KETHRESABNFTCIEZ
OREEZRIRT 5720, BIREICHOOREZ1T>Twab. FlZIE, #hitotrid—
HEZELE B _L AR TH720, T SmIZEEL, WBH L IREELZHEL T2
ERAEICREE L CWh, 72720, 29 LR T TH, WIS X 2B EREO L8R
MEBOENE 2D 5 5. Bl Z21E Mishima et al. (2013) 1§, TEEOREZIIC X 2 R85
DEIOVTa L, [GUTHRABINTIC BT 2 AR OERO—>TH 5 LR L
TW5.

FIRE DO BB 2 AL IC B W CERT 20 M L 2 & Tl w2s, BEE L Tw
B MBI T — & ML L, 7 — 7 BRORFEOMiEZE @D 5 720121E, B 5 720 TH
BRIFIZOWTHET L7229 2T, MR THx iz Zid 2 LB IH 2 LEZHNS.

#OO
R ERT 5125720 % 54 RBUMBROWHEFRE, BIELREICZ o %
THW 72 T 72, 54 RBUIER O 4z Bk B A BHINIRE o 288 B 5 12 B3 2 B & 1) %2 TH 7.
T LTAHEOPFEIZH 721, [T HESBIIET ORARLK, RIIEERICZCONE
ZIHW. oY) TERBOBEERT 5.

X &

Breiner, S. (1973): Applications manual for portable magnetometers. Sunnyvale, California, GeoMetrics, 42-44.

BRIFART- - RAME - I8 #96 (2012) 0 2l - R IC B 2 BIHE E DY I a L —v 3 >,
WBEBIATT 2 = VL E=F. 9 (1), (2), 1-6.

Jankowski, J. and Sucksdorft, C. (1996): Guide for Magnetic Measurements and Observatory Practice. International
Association of Geomagnetism and Aeronomy (IAGA). 232 p, ISBN 0-9650686-2-5

Minamoto, Y. (2009): Ongoing Geomagnetic field 1-second value measurement by Japan Meteorological Agency.
Proceedings of the XIIIth IAGA Workshop on Geomagnetic Observatory Instruments, Data Acquisition, and
Processing. 190-193.

Mishima, T., Owada, T., Moriyama, T., Ishida, N., Takahashi, K., Nagamachi, S., Yoshitake, Y., Minamoto, Y.,
Muromatsu, F. and Toyodome, S. (2013): Relevance of magnetic properties of soil in the magnetic
observatories to geomagnetic observation. Earth planets and space. Vol. 65 (4), 337-342.

RAEE - RN - Hokn] (2013) @ ZEMEIC B 1) 2 BURER ORBMIL & T ORR—BRED
FHERE O —. WEESBIATT 2 =7V LARE— b, 10 (2), 21-35.

Takahashi, K., Minamoto, Y., Arita, S., I, T. and Kadokura, A. (2013): Re-Evaluation of Geomagnetic Field
Observation Data at Syowa Station, Antarctica. Data Science Journal. 12, WDS243-WDS246, doi:10.2481/
dsj.WDS-044





