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Regional to subregional-scale anomaly in the rate of geomagnetic secular changes have been
observed in eastern Hokkaido. The origin of such anomalous changes has long been discussed.
Based on the total field records, some previous studies suspected the piezomagnetic effect is due
to stress loading accompanying subducting plate motion as the major cause. We started three—
component absolute measurements at eight continuous magnetic stations in 2009, aiming at
revealing the mechanisms of the anomaly. This study reports the results of the absolute
measurements up to 2014, as well as the continuous total field records.

Although we have performed the absolute measurements only twice or three times at each
station, it is readily recognized that the rate of secular change with respect to Memambetsu in
horizontal and vertical components differs from site to site. Steeper trends near the southern coast
are the characteristics similar to the case in the total field. Declination looks more complicated,
presumably showing clockwise rotation in the northern area, while anti-clockwise in the south.
Considering the compressional stress region of eastern Hokkaido and existence of highly-
magnetized rocks in the coastal area, the piezomagnetic effect is still a candidate for these
spatiotemporal variations.
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Based on the available dataset, we conclude that the anomaly in the total field is not brought
by the so-called orientation effect, and that there must be such real changes of tens to hundred
km scale, whatever the cause is. It should be the next step in the future works to verify the
piezomagnetic hypothesis by comparing the three-component rate of change through a numerical
simulation.

I.IXx C ® Ic

JHE D KR ETIE, KEFET L — N OWLHIARITHE - Te KHEEDS, AR TR v iR
LEALTWS, iz, dbfEac R (D%, ERHE) <, HEEICEILTE — REs 5 h
DEMEEALBRESN TS (Bl - fl, 1999). Nz T, EHRMBKICIE, KEEREHORII
RO S B IR BFE ORI O TWSD (B 21X, 1%, 1958, % - #il, 1967). Z
I LB REDS, ERHIEK CIIHEBICtE e a A 23 v 7 RHBEREAL-SCHIER 0I5 H E TS
T, MRS ENZMMBEL TNWDIDOTIERNLLEZLNTWS,

197346 A 17 B, MELEMHE M74) 28%AE L. ZOMETIE, a1 21y sk
MR L DFEP B SNz, B RICE, HEBIC X322 Shieh - Tz L s
SIFTHE (KJI - fh, 1974) &, RAKSIC08 OBPRE SN EREL LD (M
K[BUFT R HAERT, 1974) 2MEREShie. 20k, 199341 H 15 B, SIEEH#E (M7.5)
WIEELT, KE - (1994) 1%, #@EOBLFERIC 1994 EOREM 22 T, @fHElL
1993 FEHIFE I HITE & OREZMRET L7z, 4% 5%, HIFEHhHE & B L e 2 2 i3 20> 72
LMDy, 20— T, @I OKELEOEEIIBRRZ LITER->TND T L &iEH
L 7z. Nishida et al. (2004) 1%, ZOHuUEIED® 2 KEEEORKE, 71— NEBD IS FER

LD VRICRD T2, =0 BT, JERHMIE TOMRE 228 1E (Sugisaki et al., 2001;
Nishida and Watanabe, 2002) 2 X W H#E L iz iz o REgEREE 2 H W T, Y= A ZNE Tl
RSN D MO ENROZEMp 23R L, FEERZ, Bl h 2B IeROZEM S
RGBT b DL RoTz, TlEL, BUIFERZHIAT 272010 2 OFE TRIE S Wi T
BfREE, BAERPLMONATNAMEE R T—HRKENLDTH- T,

INETORITHONIRBELEE 2T, HsitED b % kESM 2R =/ TEEMIC
T 2TV, EHRHUR ORGSR ORI R U 7R LD A 1 = X B H RIS 572, Aol
KETIE 2009 4F & Y MK = R et & 2 dg o 7. f&AS - fi (2012) 1, 2011 4% TofExt
BIEFER 2T, SRR OKRT g KB Zom ) 8Ll E SR (MMB) & A8 R oM T,
RALRADRRLZLICEY, WEOLBHEMAEIC I T EOBLrENDL A Y =07 —
T a VEHIRICOWTEHE L 72, METORER, AV =7 —va VIR EMIEL Th, BRI LI
BIRDHKAELED S Ly RIZFEV TV =Y aF )b - A7 —VOREPED ZEBRHGN LR T2,
LaL, )y 7—ya UIROMIERZ T T, Y= Y BEIRIG TOZE/ G L 3EA L
R ole, TIT, BA -4l (2012) 1, AV ZUTF—va VHIROBEICIAT, Fa—L
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Fig. 1. Magnetic stations in the eastern Hokkaido. Solid circles indicate the magnetic satations of Hokkaido
University. MMB shows Memambetsu Magnetic Observatory of JMA. The line connecting AKS and MMB will
be used in Fig. 4.

HIREKE 7V (IGRF-11) 22 HHETE U 7o HIERERES IR D52 B 2l D B k2 sk 7o, £ DFER,
Nishida et al. (2004) TH#E SNz BT VKR ET V& BRI WM S 27z, 202
E, EEHIOKELLDOFEH ERAET BRI, Fa— 30 - 27— )L OKEEDIRADEE
TRETHDHILEEKTS.

Pk X9z, jERHIBOBS R CHERICE D 2 Rk L T, W< 2 OBHIEED
oM, ZTOMRMBRINTE, L1L, TRHO A D =R AMTONTREN R
IEH TV 7220,

2009 4F X 0 BA%H S A7 E RO T O MG = A IRV 2014 4 F THERERYICE B S hy, BERR
DEREFEGBR A 8 A (Fig. 1) T2EBSVWE3EIOHET —F BEBI . AFTII,
BEEETO 2014 F £ TOBRF R L E LD, =08 X R O KELL DBz OWT
EETD.

I. 8 & A &

R R ORIEICIE, FERMEEA NT A b (Carl Zeiss f: THEO-010B) [Z—#hD 7 F v 7
27—k - &Y (Bartington . MAG-01H) Z#&#k L 72 FT BUREAE (2012 4 & 2014 FE ol &E
VIR RBUFTETE O 1754, 2013 IR RZEIR O 175 2 86) ZEHR L7,

FERR T, 7 u b URIFHT X D 2R ER BRI ThTnWS, 2ok loFisE
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BET D72, R & ARAZBIES 2RI E Y258 10m 22\ L 100 m 2 BN 72 A &

T IFAF v IR TRE SN TWD., JIERICIE, Z OMEBIRLEICIREEDO=ZREL, o
LHEA5 795 ecm OALEICHEAR 23K 2 X 91T 5. L, BikT 24— — 1 —EE
(LA, OHM) Ot v ¥ & FTABABEOFLOES 2 —HIE2DTH S, FALRMAIT
BEKBEEBEEICEE L TRIET S, SO 2RO 572012, R - IRA L F—OME el %
BIES 20BN H 50, WEXFRIFHCIIITS 2R TE RV, 20k, 2RRIEL, FA-
RABE ORI IC OHM Z W CHIE L 72, ZO2BAHEIE L 1XBlc, #8582 5% 10m
FEEREN ARSI OHM ZRE L T, M ElA TORE LT T hzE 5 W THE
FHAIL 72, ZORZBIETOFENC XY, R & RARIE % EHi U 72 R o #a RS T o 28k
J1E % MR ICHEE 3 5. #ExHEILR R X OIS IR o &RChRIE X, biEE KFTE O
OHM GSM-19 (GEM-Systems f-8¢, Z3f#6E 0.01nT) ZEH L 7=, 728, 2013 FD{=% (NIT)
BE T, KSREEZR TS, RO e b UBAFHC L 5E 1 2ETRAL . 201244 F
TOMKHREOEEIE, FBRSET6E?H 10E QY M54ty N) TEML T,
LirL, BELTIENEETHD UV 252720121, THIEELLORERKEZEL 2V

LD, BIMEDTD, 2013 FLIEITAEIRLS TOMKHAIE RS A 48] (1& > b) 125 L
TEML 7z,

W 2T 2 72 dIcid, EAMEZNET DLER B LM, ZOMEET ¥ A v h—F V2T —
LarvTfTolz, V¥ A u h—ANATF— 3 0L, HRKFHENEHFTEDY X7 - F 7ol
¥ A rAa—7 GPIX (REEAFME : BEERE207) BIXOM—F V27— 3V SEIX 226
72D EEE R ATz, 2009 FEORIE T, #EHE GPS ZFIf L CEFALARIE L 7273 72 R T
BELRNWIZ ERSholicd, 2010 FLUBITEARMICY Y M v h—F V2T —va vy EHANT
W5, TzZL, 2014 FoEEIE (AKN), #IH4 (HTU) TORETIE, LEL ol sy &
FREE T2 LICEV Py A v RAa—TIC X 5EGIEIEEZEKL, 2012 FOE G & wA
HECEEL L THRMALL., 28, WIH4 HTU) T, 2014 F£OHEMIC FT AMEKH#ICL D
KZER L7z, LarL, BRICHNWEHFMIRCOWTE G E#RA LIS, V¥ A rT
2012 FICHIE L 2R U H A E AL L ORI, K11 OEDPHER SN, BA - (2012) 12
£5&, 2011 g% (NIT) TITONIZ KR L ¥ % A v llE O FEIC X 5 EHALHIE T 407
2o U DEPRboTCEREINTVD, 2014 FoPIHES (HTU) OREIETAEUZ U BEDET
COWMERBFIGEVETH D, LIeBoT, REEDOK T 0EE, RFFETHN Y ¥ A viC
EHOBETHD LEZONDD, T OWENPKRHANIC E OREZE L TV 2 O2NIBIR R TRE
Tho.

m. R % # R

2012 4E0~ 5 2014 4R & TOBANE, 2012 4F 10 HicwlH4 HTU), EFIE (AKN), 5l (BTK),
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=R (NIB) @ 455, 2013410 HICEE (AKS), = (NMR), 4 (SHD, =% (NIT) ®
455, 2014 410 A ic#1lE4 (HTU), E&dE (AKN), B (BTK), 1=tk (NIB) @ 4 5 THEE
L.

B ZBRAA L 72 2009 FLARED T RTOMEEZAGDOE D L, BRE (AKS), #IHLF HIU), EiF
It (AKN), ## (BTK), =R (NIB) @ 6 HZTiF3[EF2, R=E (NMR) &7 (SHD) @ 2.5
TIE 2\ oMl E LR FE L 22 Licike b, B, (2% (NIT) TiE, THEX) Y CRIAMKER
FEOTHSEZEICLY, O OBRENRTRT S0, 2013 FOREFEC, 7o B
T USRI SRR 2B R L TIRET L2 L L.

Table 1la. Summary of the absolute measurements (declination) The error ranges in the fourth column are based on
the positioning errors of GPS for 2009 and the typical determination error of true north by the gyro-station used
in this study for other years. Standard deviations and “Max ~ Min” are derived from theodolite operation.

Station [Measurement Date| Mark Declination Standard Max - Min No.of Declination Method of
Name UT) Number (Westward) Deviation Measurement| at MMB | True Bearing
2009/11/10 03h 1 7°58.0 1177 i i 4 .
2009/11/10 03h 2 8°00.2°%17.5° 0.14 0.0 4 8° 454 GPS
AKS 2011/10/1902h | 1,2 8°009°=1° 0.22° 0.53° 4 8°49.0°
(2% | 2011/101908h | 1,2 8°04.0°£1° 0.13° 0.30° 4 8°51.3° Gyro
2013/10/3106h | 1,2 8°06.9°+1’ — - 1 8°52.5°
2013/10/3106h | 1,2 8°06.4°%1" — — 1 8°52.0° Gyro
2009/11/12 05h 1 8°48.6 £10.6° i i 1 .
SHI 2009/11/12 05h 2 8°44.8°+13.5° 0.07 0.28 4 8°45.2 GPS
(G2 2013/10/30 00h 1,2 8°47.3°+1° — — 1 8°46.7
2013/10/30 01h 1,2 8°49.8°+1’ — — 1 8°49.2° Gyro
2009/11/12 01h 1 9°30.8 233 2
0.13 0.13° 8°42.6° GPS
2009/11/12 01h 2 9°11.3°%15.6 2
NIT 2011/10/21 00h 1 9°12.67+1’ 0.37° 0.83° 4 8°43.4°
#=2) | 201171021 010 2 9°15.4°1° 0.32° 0.83’ 4 8°46.8° Gyro
2013/10/2901h | 1,2 9°14.5°+1° — — 1 8°49.6°
2013/102902h | 1,2 9°16.1°%1" — — 1 8°51.5° Gyro
2010/10/19 02h 1 §°481° %1 0.20° 0.69° 1 8°47.8° Gyro
2012/10/24 03h 1 8°522°%1° 0.19° 0.45° 4 8°51.0°
(J%I#{;I;It) 2012/10/24 03h 2 8°52.2°%1° 0.19° 0.45° 4 8°51.0° Gyro
2014/10/15 02h 1 8°58.7°%1" — — 1 8°57.2°
2014/10/15 03h 2 8°59.0°+1" — — 1 8°56.7° -
2010/10/20 01h 1 8°46.6 %1 0.20° 0.73° 3 8°46.4° Gyro
(g}%{) 2012/10/25 05h 1 8°51.9°%1° 0.18’ 0.41° 4 8°50.8 Gyro
2014/10/16 01h 1 8°50.1°%1° — — 1 8°52.8° Gyro
2010/10/20 05h 1 8°237 1" 0.06 0.20° 3 8° 482 Gyro
HTU 2012/10/24 23h 1 8°9226°+1° 0.10° 0.23° 4 8°46.6°
#EF) | 2012710125 00h 1 8°22.9°+1° 0.26° 0.62° 4 8°46.7 Gyro
2014/10/15 06h 1 8°31.0°+1° — — 1 8°54.9° Celestial
2010/10/21 03h 1 8°413'=1° 0.03° 0.18° 3 8°47.4° Gyro
NIB 2012/10/26 01h 1 8°40.9°%1° 0.14’ 0.32° 4 8°47.0°
(=R | 201211026 02k 1 8°439°%1° 0.08’ 0.11° 2 8°46.9° Gyro
2014/10/16 07h 1 8°40.9°+1" — _ 1 8°54.3° Gyro
2011/10/20 00h 1 8°0252°+1° 0.15° 0.20° 4 8°44.3°
NMR | 201171020 018 2 8°249°%1° 0.8’ 0.29° 4 8°46.8° Gyro
(R=E) 2013/10/30 23h 1,2 8°33.1°+1’ — — 1 8°52.4°
2013/10/3100h | 1,2 8°33.2°%1" — — 1 8°52.4° Gyro
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Table 1b. Summary of the absolute measurements (inclination).

Station Measurement Date Inclination Standard Max - Min No.of Inclination
Name T Deviation Measurement at MMB
2009/11/10 03h 57°34.0° 0.10° 0.14 2 58°19.7°
2011/10/19 02h 57°38.9° 0.22° 0.48° 4 58°14.9°
(AEI,{%S) 2011/10/19 03h 57°87.1° 1.33° 2.60° 4 58°14.9°
2013/10/31 06h 57°43.7° — — 1 58°19.7°
2013/10/31 06h 57°43.6° — — 1 58°19.7°
2009/11/12 05h 57°06.1" 0.01° 0.03° 4 58°9.5°
(%%) 2013/10/30 00h 57°16.37 — — 1 58°19.7°
2013/10/30 01h 57°16.1° — — 1 58°19.5°
2009/11/12 01h 56 ° 58.7° 0.02° 0.05° 4 58°9.5°
2011/10/21 00h 57°01.7° 0.08° 0.19° 4 58°16.0°
(gg) 2011/10/21 01h 57°01.1° 0.08° 0.19° 4 58°15.6°
2013/10/29 01h 57°03.8” — — 1 58°19.0°
2013/10/29 03h 57°03.4° — — 1 58°18.4°
2010/10/19 02h 57°57.8” 0.03° 0.02° 2 58°12.3"
(JQ}I;I;II:) 2012/10/24 03h 58°03.2° 0.05° 0.12° 4 58°17.7°
2014/10/15 02h 58°09.1” — — 1 58°23.8”
2010/10/20 O1h 57°39.8” 0.02° 0.06” 3 58°13.2°
(?ﬂ%) 2012/10/25 05h 57°43.4° 0.04° 0.09° 4 58°16.8°
2014/10/16 01h 57°49.1° — — 1 58°922.7°
2010/10/20 05h 58°16.4” 0.06° 0.07” 3 58°11.7°
HTU 2012/10/24 23h 58°21.5° 0.05° 0.11° 4 58°17.6°
(BIH4) 2012/10/25 00h 58°21.9° 0.11° 0.24° 4 58°18.1°
2014/10/15 06h 58°25.6° — — 1 58°21.5°
2010/10/21 03h 57°23.3° 0.04° 0.08” 3 58°11.6°
NIB 2012/10/26 01h 57°29.3° 0.04° 0.08” 4 58°18.2°
(=R 2012/10/26 02h 57°29.2° 0.01° 0.01° 2 58°18.2°
2014/10/16 07h 57°32.2° — — 1 58°20.8”
2011/10/20 00h 57°37.6° 0.02° 0.04” 3 58°15.3"
NMR 2011/10/20 01h 57°38.2° 0.05° 0.12° 4 58°15.6”
(#R=) 2013/10/30 23h 57°43.1° — — 1 58°20.7°
2013/10/31 00h 57°43.3° — — 1 58°20.9°

2009 4E LA DR T OHEAEF: % Table la ~ 1c ITR7. JEF (AKS) RHIHAE (HTU) 72 &
D TR A 3 PR 8 FREE AR L, WEE~FA 5 IO THRAHR < 72 0, 2% (NIT) TE—
7% eV, ZodullichoiE 3 51K (NIB), Ziiik] (MMB) Zar> THEREZES < 2> T <.
Tz, EE (AKS), #IH4 HTU), ERL (AKN) 72 EI3MicEEE Th 51 b b b,
RAVRKENZ EBD05. ZHHRA L IRADZEMZEE#IT, 2011 % TITRE SRR
ERILTHD.

Fo, BN (LI, ) 1ICRIF 5 96 ELIBEO RN (Kbl & DB %
Fig 2 1T/R. 728, Fig 2 OEFEEICERTT vy F LN Z 7 7 I3l &I 5
EHESTEOFEREZRL TS, Fig 2 2 R5 L, BEICEMINTE L5 &b (MMB)
PHEFICHA D ICONTKEEDEENKE L RoTWD LR TH S, Eiz, HxhllED
FEAE, MERERENO N LY RERBRT b0 Lo TS,
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Table 1c. Summary of the absolute measurements (total field) Values with Asterisks (*) were originally reported in
Hashimoto et al. (2012) incorrectly.

Station Measurement Date Total Ficld Standard No.of Total Field K-index
Name o Deviation Measurement at MMB at MMB
2009/11/10 03h 49,816.2 nT 0.54 nT 6 49,629 nT 0
2011/10/19 02h 49,855.1 nT (¥) 0.40 nT 10 49,670 nT 11
(%KJ%S) 2011/10/19 03h 49,865.3 nT (*) 1.49 nT 10 49,677 nT 11
2013/10/31 06h 49,960.2 nT 0.49 nT 4 49,770 nT 11
2013/10/31 06h 49,958.4 nT 0.74 nT 4 49,767 nT 11
2009/11/12 05h 48,916.6 nT (*) 0.17 nT 10 49,673 nT 1
(,;}%) 2013/10/30 00h 49,024.8 nT 1.40 nT 4 49,747 nT 22
2013/10/30 01h 49,023.8 nT 0.22 nT 4 49,745 nT 22
2009/11/12 01h 48,861.6 nT 0.03 nT 10 49,630 nT 1
2011/10/21 00h 48,910.5 nT (*) 3.03 nT 10 49,664 nT 5
({I‘__”;) 2011/10/21 01h 48,908.0 nT (¥) 1.61 nT 10 49,659 nT 5
2013/10/29 01h 49,048.1 nT 2.42 nT 4 49,748 nT 16
2013/10/29 02h 49,059.8 nT 4.90 nT 4 49,763 nT 16
2010/10/19 02h 49,098.7 nT 1.76 nT 6 49,646 nT 13
(in"gt) 2012/10/24 03h 49,168.9 nT 1.59 nT 10 49,717 nT 5
2014/10/15 02h 49,230.7 nT 2.30 nT 4 49,777 nT 15
2010/10/20 01h 48,559.7 nT 0.22 nT 8 49,638 nT 8
(g]% 2012/10/25 05h 48,661.6nT 0.17 nT 10 49,738 nT 3
2014/10/16 01h 48,695.0 nT 0.92 nT 4 49,766 nT 14
2010/10/20 05h 49,753.0 nT 0.31 nT 3 49,658 nT 8
HTU 2012/10/24 23h 49,820.2 nT 0.96 nT 10 49,723 nT 5
(#E4) 2012/10/25 00h 49,812.6 nT 0.55 nT 10 49,714 nT 3
2014/10/15 06h 49,905.0 nT 0.60 nT 4 49,800 nT 15
2010/10/21 03h 49,689.6 nT 0.67 nT 8 49,659 nT 6
NIB 2012/10/26 01h 49,748.1 nT 0.31 nT 10 49,715 nT 5
=1R) 2012/10/26 02h 49,751.6 nT 0.78 nT 6 49,719 nT 5
2014/10/16 07h 49,839.0 nT 0.06 nT 4 49,806 nT 14
2011/10/20 00h 48,999.2 nT (¥) 1.41 nT 10 49,674 nT 7
NMR 2011/10/20 01h 48,986.4 nT (¥) 0.87 nT 10 49,666 nT 7
(18=) 2013/10/30 23h 49,086.0 nT 0.35 nT 4 49,758 nT 22
2013/10/31 00h 49,081.0 nT 1.40 nT 4 49,752 nT 11

V. MEK=MA OKEELDEHH

2009 42> 5 2014 FFOHERHAIR DOFE R 6 ZD K FEZL ORI A 23T 5. HxchilE To
EEAZHERD, FA O, Rfa O, @BH ) T8, AT, FA O, KES7 1),
WED 7 (Z2) OMAGOLE TR =Ko 2FRr-T 5. HE 213 BRECESD L1202
NWOBERANCR T 2R EDOF Z KBRS DOF POWE L IEEZHWCEHE L, 70—
VaFe A= )VOKELEF E RLT T 57T, Nishida et al. (2004) A - fth (2012)
DRRENTHONWTIT - 72D L RAIEEIC, BRI OV TR (MMB) 2388 L L7z R o
Bz (AD, AH, AZ) Z#kol. Zo X5kl (MMB) 28BS L4252 L%, i
B (MMB) 1Z8IF 5 KFEEALLOTILE L TEBRSOEHZ /L Z Lichd, ZhiE, %«
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Fig. 2. Total field changes referenced to MMB since 1996 through 2014 at the magnetic continuous stations of
Hokkaido University. Solid circles with lines show absolute repeat measurements (2009-2014) which are drawn
from the same data as Fig. 3. Trace are aligned in the order from south (top) to north (bottom) along the
line shown in Fig. 1.

5 (MMB) OKFEZENMNZ OHIREZRET D2LENRLDTH D EREITRKEL TWDH Z &I
2508, FEEITIZTES TROWATREE D H25 Z L ITTER L T LER D 5.

ZDXHIC LTk, =5 (AD, AH, AZ) ROEES (AF) ORI ey k%
Fig. 317, BRI TOEIEICERT S0, Mz ELcF5 LT T ey ML, &8,
=% (NIT) X8RS OB#EE 2 EIT- TRy, HMELEZE#ERT2 2 LN TER 2D Fig. 3
WIFHEE L Tuhn,

MEL, KOLIICEBE LK. DORETIE, BEHMOREREE (V¥ A1 v ORAFMERERFZE
+ 207, EEOHEREGHRE £ 1) PHEIFMLOEN 7)) LV bREERKE L THREICK
EV, EOTH, AD DT —/3—%, GPS ZHW-FiE (2009 FDAFEME) KOV ¥ A 7 h—
BNVAT— 3y TOEFMBIE TORE TR R L, 1ORERZEL, KEUTHRLK BT
FL O, FTRMKEIC L 2RA - RAOCBIREEOWSE (b, 2002) & 24 To FT BRK
BT L 2BMMRILOWE (A - i, 1995) 25E L& L. /i (2002) &, HUBESEIRIET 2587
ALTW5 FTRBKEOWETIEICK TS D & IOBHMERSE R 1 EHE L, BA - i
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Fig. 3. Summary of the absolute measurements (2009-2014) referred to MMB. Panels in the upper-left, upper-right,
lower-left, and lower-right show declination (eastward positive), horizontal component (northward positive),
vertical component (downward positive), and total field, respectively. Error bars in the AD plot are adopted
from Table la. Note that the orientation effect is not taken into account in the AF plot. Traces in each panel
are aligned in the order from south (top) to north (bottom) along the line shown in Fig. 1.
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Fig. 4. Changes in the vertical component referred to MMB. A long-term trend (2009-2014) based on the monthly
average values is used as the reference data of MMB.
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Fig. 5. Rate of secular changes against the horizontal distance from AKS to MMB along the line shown Fig. 1.
For convenience of comparison, the values at NMR, BTK, and HTU are also plotted as the projection onto the
same line. Solid circles indicate the rate of change derived from absolute measurements (2009-2014). Note that
the orientation effect is not taken account in the total field plot. The modeled piezomagnetic field by Nishida
et al. (2004) is also shown as a dashed curve in the AF panel (right-side ordinate).
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