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Modeling of seasonal gravity changes observed
with a superconducting gravimeter
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Continuous gravity observation with iGrav superconducting gravimeter (#17) was carried out
at the Teshikaga, eastern Hokkaido, from November 2018 to August 2022. Gravity timeseries with
correction of tides, atmospheric pressure change, and polar motion indicated characteristic seasonal
gravity changes from winter to spring in each year. Rate of gravity increases in the early spring
in 2021 and 2022 were smaller than those in 2019 and 2020. The G-WATER[1D] software
(Kazama et al, 2012) was applied to estimate the gravity change associated with underground
water mass variation due to precipitation, snow cover and melting. Calculated gravity changes
using parameters supposed by Yamaga and Nawa (2020) could not explain the above differences.
Optimal parameters associated with infiltration process of snowmelt water and the saturated
hydraulic conductivity of the soil were searched by try and error. As a result, gradual snowmelt
infiltration process with an approximately one-order larger hydraulic conductivity could well
explain the 4-time seasonal gravity change observed in winter to early spring.
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14 JUBE KR - A k- G R
I.IZ C & I

HOORMELZFMICIE 2 5 2 &3, HERNEOEREOBENCHEOZLICET 2 HR &5
5 LICHER D, ALl KRR EEBINR AT /2 & TR S R 7 v — 7%, EIROD
NT THIB OB BEABEIZEL TT 7 b=y 7 RIEHOKIEBIOE =4V v 7 %475 1o,
Ak i 3E K 2226 F TR BLR P TG E E A F iGraval7 12 X B 81 & 2018 4E 42 5 2022 4E £ TIT - 72
(&FmEa», 2019). iGrav i, t o —EE2HKAEND U A THRKRICHA L TRIZEIREBZIEY
HL, BEEYE CHRZHABREK2MAR L SE, TOMBED S CERE TLREMICE
NEBEFRETE S, 20D, nGal(=10" m/s?) LUFD, Wbwwd T~ A 7 el v
F TOMNRENRFREOFRRVBTRETHS.

BN K- TR AN D EAEMICIE, BWOR[UEZRICKT 20, MES)IC X 5 EE7R
LD, BUAREDOREKOBIC L DM B EENTWD, 2 0E, L GRIE2s,
2009) ot (ERIEA, 2014) TEIH S N EABEETEE KR S0tk 5 T koB
FARETH D LRBINTVNDS, TNOORERELZENT—FP0MY RS Z LA TENIE,
HFR AR B K ITEBNC A 5 EAHZLOMRIL AT E 2 5.

AWFZETIX, BFRBIIFTO iGrav TBRIL 2 4 EDDOF —F i +5 2 L T, RiE24 L
B 2FETHERDIADPOREICH T COEBNEBMERIET LI LN TER., Thrb, Blllsh
7o A OB S ZFEIE 2 BH R R BKE LT T VAR LT, BoKEIELOF RN
BRNT A =B D 1 DThHEFMBEKEEL, A2 EMOT—2 06106 - £F01 (2020) THE
EINTZbDEID b IHTREREPE LN,

I. 7—% @&

RBAGEE /I RF iGrav (#17) 1358-TJE BT (AR 144.3992 J#, Abfk 43.4855 &, #5E 201m)
CERESNTRY, BHBELEO 20184 11 A 13 A DLBIKET 0 202248 H 24 HETOH 4
EROERT —Z BT UTc, BATICERL 27— 213, bk EshT — 2 X—2 (L aiEs,
2010) ICBRERSN TR Y, HMXEDF L OWATEBPOHEEL AT —NV T 77 % —, —1998
uGal/v (&FmiEs», 2020) NI T, EAHEICEREATH 5.

PR, EAFEHEEEE COENMEFIHZ TS, FESEY RS T KA ") 7 — 2
R— 22 RIS TS BAYTAP-G (Tamura etal., 1991) Z{ifH LHMIEL 2. KUERERD 1L,
iGravitl7 fHBOKEF T — % &, FEEMEY D BrER OREES) & OB SHEE L I IGE R
%% —0.33 pGal/hPa (1L -44F0, 2020) % AV TEHEL LAHIE L 72 (Fig. 1b). EJEEIW 5 (Fig. 1c)
L REFIE (Fig. 1d) ORIEICEEGRFHE 2 75 5 TH D GOTIC2 (Matsumoto et al. , 2001)
& Tsoft (Van Camp and Vauterin, 2005) ZfEH L 7z. WGEEIZIFEOFFE TIE, IERS AL
TW B HIER AR X T A — & (https: //www.iers.org/IERS/EN/DataProducts/EarthOrientationData/eop.
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html, 2023 4F2 A 24 ARE) AL 7.

BRI 2 RO K E R AT v TEARD D, ZHEEHIMPICHE L A RMED & A
IV TAL T, 1RIEE 2019 4 11 A 28 B oI CoRzE (M4.7), 28 i 2020 4F 5
A 30 HO+BihToME M5.6) OFABICENETNAEL TS, (L - 450 (2020) T, H
BICX2ENEIT W ERE L THEE &7z 123 pGal & —140 pGal Z iV TCINHD AT v
TR ERIEL .

-100
3 =

Q Q

£-200 e

2 X
E E

2 Z
£-300 £

4 e
(] G}

400

(a) (b)
-500 -10
2018-11 20195 201912 2020-6  2021-1 20217 20222  2022-9 2018-11  2019-5 201912 20206 20211 20217 20222 20229
Date Date
10 10
= =
Q (U]
2 e
8 S
E £
Z Z
£ £
o I
e B
O (G
(c) (d)
-10 -10
2018-11 20195 201912 2020-6 20211 20217 20222  2022-9 2018-11  2019-5 201912 20206 20211 20217 20222 20229
Date Date

Fig. 1. Observed gravity and theoretical correction components in the period from November 2018 to August 2022.
(a) Observed gravity. (b) Atmospheric pressure response. (¢) Long period tides. (d) Polar motion effect.
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Fig. 2. Corrected gravity timeseries in 2018-2022. (a) Residual gravity timeseries with correction of tides,

atmospheric pressure response and polar motion effect. (b) Gravity timeseries from December 1 to April 30 for
each year.
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WY, SJEZL, BEBOFER OFBRHEBEIC LD KRERRT v TELOMIEZFT > etk DR
ZEE /) % Fig 2a (g, BUHIH ORI 2 F 13 £ 5 uGal OZB 2 L TRV, H%F2HI1T L
DRX72+ 8uGal DEEZ L T 5., FMHeDiE, £F 4 —Xcdb@ml ¢, BEEHMIC
FEPICESIEA L, RECHT TRETL2FZHERAERONDZ L THD (Fig.2b). D
BRARZEIZITILE - 450 (2020) TO2HEET—F ORI TH RA TwWie, BEH ORI
T4 =R I HHS720 K008 uGal THotz, Lo, [LfE- &fn (20200 TREINTE
A2 V=X ORFOEIEMIL A YD 1.4~ 1.5 uGal THA TOEIE TH - oD ikt
LT, B2y —0TiE1 HYE7ZD£0.25 pGal EEMEA/NE <, BEEETIC 3 EMBEEE
L Tz,

. EAFHELDETIVE

ARWFFETIZILEE - £4F0 (2020) & AIBRIC, RIENE TICBEONRLEAEIT, BEKiC X 2880
XEHTHL EEZ, UTFTHRND X REEET UER R 2T, BAKENZLOFHEICIE
G-WATER[1D] (Kazama etal.,2012) %% A% <A AL THML7Z. G-WATER[ID] i%, [k
DBHTFORBAFIE 2R ETHBEEZY 2 aL— L, ITKkODHE2EHES T2 L TENE
b2t ET 5, IUEE - 4% (2020) TiE, FREED LEAUOBERT — ¥ 2L, BEHRED
DT L T D L FEE RSN L TOAREIRHEL T D 2 Ehh, LAFHHITESIE
2O THEAOKDOBRBMELEL TWD ERE LT, RIFSETS, S$F0 12 A A1 S A~
DKROBBMEILT D LUE LTz, BiBiE IR %2 Z N EOERE T Table. 1 © X 9 ITREL 2.

G-WATER[1D] iCiZ HE~DREEIE - FHZERIET HHEBIIH D> T, Atk
ROBKET —F EERELT, BBEL - BEZEELL. £, REELHMTOBKELZO
mm \[CE XWX 72, BEEN%, EEXHILETOKKEEL —EHE (Tablel), —EDEAETE
BE2E S (Fig 3b). BEEHM & MEHHITIK[RIT 7 A ¥ A B 1RSI GRRR 144.47 JE,
Jé 4351 F) THEBEICBMISNIZHORERIREZSEICL TREL TS, RELRPRS T
FekiE, BUAFTORRO LICEIERIE TRET L LICRd. BELEK ESAK) PES
FHa EME TR BB EFET D720, U - £Fn (2020) A3k 72 bl E % —0.033 pGal/
mm ZfE L7z (Fig. 3c). AJ17—# & L TREGIT T A ¥ A oh - RBIALA DMK E T — # (Fig. 3a)
FEWRE L TR L7z, dEREE T REIIFT TIX Onset #B O KL BIHIMERE 2 F W CRE Z2HIE
LTWEH, MEEV—itiit—% =3B L TRLTHEEHOBKEZ EfICESETE TN
N8, AR TIEFER L ooz,

G-WATER[1D] OFtHE THER LT X — 213, S KRE Kln/s] &Rk &
Omax[m*m?®] & Fe/bh LK & Opin[m*/m®] TH D, D55, FRKLHKDE Opax & Fe/M 1L
KB Oin 1IBUM D LK F OBIRNE 2 2512 Opax=0.7, Omin=0.1 L L CHEZ{T- 7.
zans, BRISNENZEE L EFE TE 5 X9 lafnd ke K 238 TsEnnickb 2.
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Table 1. The periods of snow accumulating and melting used in this study.

. Melting Melting
Season Accumulating (Yamaga and Nawa, 2020) (This study)
2018-2019 | 2018/12/1 ~2019/2/27 2019/2/28 2019/2/28 ~ 3/2
2019-2020 | 2019/12/4 ~ 2020/3/7 2020/3/8 2020/3/8 ~ 3/10
2020-2021 | 2020/12/12 ~ 2021/3/8 2021/3/9 2021/3/9 ~3/31
2021-2022 | 2021/12/17 ~ 2022/3/8 2022/3/9 2022/3/9 ~ 3/31
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Fig. 3. Calculation of gravity change due to land-water. (a) Original hourly precipitation data at Teshikaga
AMeDAS station of Japan Meteorological Agency. (b) Edited precipitation data. (c) Snow mass effect. (d)
Comparison of observed and calculated gravity values. Orange and black lines are observed and calculated
land-water gravity changes with Ko=>5.0X10" m/s, respectively. (e) Same as Fig. 3 but with K;=5.0%x10"
m/s. (f) Residual of observed minus calculated land-water gravity change.
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FAFE KGRI K 2B S W Tc & & OEKE S ZELDOEV % Fig. 3d, e lTRT. fafnidEKIEE%k
Ki=5.0X10" m/s TiE, %2 FEOBHANME L BREE OThPKRE < eole. —J, fafgEKiEk
A& K=50x10° m/s ICRET D &, BF2FELEAEEL OFTHIT/NE L 2o7z (Fig 3). Z
DIFREE NS Z LT, fifE 2L %Y 2 FETHABRR > TWIEELEOENZSHFHRT S Z
LBTE.

HABEONE L EFETEEDENEMEENEL > -RE

BTN A FHOAOETKE (BKkE) &, BEHMEPEE - Tr6 LEHOREX
1RO fE % Table. 2 12773, 14FH (2018 44~ 2019 /) 1%, FEmSRIRIEE < R o 72is
BERKELZ S RPoTclcd, BWHIH TRHICEENTOMKENEDL Y, BEERm? O HE~
DKDIZBDHELTE EEZHND., 2FH (2019 4~ 2020 £3F) 1%, BEKEILZZ -0
RIEPEDPOF LR TEP oD, 1B LRBRICESNHOEEDOE L LEA~DKDR
BEPERICEATZEEZ NS, 3, 4FHIE, BEEKREITZ 1 PREHORIRRE < 272>
7eiz), BENMOMEE TFESLPICEIL, BEIER DO OKOIRFEPFHINTESC P ITEATE
LEZLND, BENTOMEDOBPEHICHETNEE, LIEA~DOKDRBEIZWICH X FE
DEHNHEIMEELKELRDEOTHA9., 0L, MEMOEEL, LOBEE ORI L@
FHORERMHTELZIT TS, BERETLINODNTA—F ZETIVICHZIA N
THIEZITH) Z L BDUETH D,
SEFBON-BEMBEKRROZ L

e - 4F0 (2020) CIXAERIB KGR Z Ko=5.0x10" m/s L RET S Z & T, BHIHIKOE
NEE LSKHBA L, £, BEORBMARE/EMCONWTIE, BEEL—KUCET, ZoKHA
THA~NRBT D EWE (Fig 4a, b) $5H5Z & THB LKL, LaL, WE- &Ff0 (20200 LFL
FHETEAENEZFET DL, BY2ESOENENEHBT LI LT TE R Lo
(Fig. 4c, d). AHFFE TIXAAFIEKHRE Ko=5.0X10"° m/s Z T2 Z &L THE2ESOENE
bbb ERFHT D 2 LA TE e, B THR SNV RESIPEEBFEO 2FETRESERZoTW
Tele®, A 2HEOT =42 OREMER LIS & 3B KRR OBERRENE R o EEZD
na. BFE, )G, FEHEOKST 7 A 7 ZBHIS TE bz 2018 405 5 2022 4% TO4HE
R /KkE (Table.3) & R5 &, APELV ZEOBADPZP THRESNLTVD Z LD 5. Hi
H 24D X 9 ITHIKEDID I\ & LB KRE AN S W T L R R < £~ T KORSE
EHETe S, #2240 X D ICHKEN S 8D LT KOEBBPEWVMLTICHE LT, FHRE
LCEIME LD L REREBHEDHESNEOLES S, i, BTHRORETIERJIEON
BEEMHL CEKENEICOFRZITo R, 4 FMOEHECZFAT 5 o iidfafnigEk
B K=10X10° m/s MEL ThH o7z, FUONET —F 2HHAL2HETH, #EL M
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Table 2. Total amount of snow water and the weekly average of daily highest temperature at the beginning of the
snowmelt period in each winter.

. Accumulating water Average of maximum
Seanson Accumulating o
volume [mm] temperature [C ]
2018-2019 | 2018/12/1 ~2019/2/27 77 2.6
2019-2020 | 2019/12/4 ~ 2020/3/7 128.5 6.2
2020-2021 | 2020/12/12 ~ 2021/3/8 126.5 3.88
2021-2022 | 2021/12/17 ~ 2022/3/8 172.5 3.157

Table 3. Annual total precipitation at Kawayu, Teshikaga, Akan

Year Kawayu[mm] Teshikaga[mm]  Akan[mm]
2018 1092.5 1058.5 1219
2019 847.5 908.5 931.5
2020 649.5 812 866.5
2021 1148.5 1329 1407.5
2022 1067.5 1342.5 1270.5
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Fig. 4. Calculation of gravity change due to land-water with parameters in Yamaga and Nawa (2020). (a) Edited
precipitation data. (b) Snow mass effect. (c) Comparison of observed and calculated values. Orange and black
lines are observed and calculated land-water gravity changes with Ko=5.0X10" m/s, respectively. (d) Residual
of observed minus calculated land-water gravity change.



20 Jue KM - AR R - RS TR

BB DA —F —F—F L. BFIEENGONEEZEH L TH L N BFE KRR Ki=1.0
~50x10° m/s X, VIV EORBICHET5ETHD (H - HH, 2009).

FIFBE K FREL OHEEMEANLEE - Z&F0 (2020) LV KEFROSNFERE LT, SR F O
FEROM T AN OEBELEL TWerREE DT b5, (L - £4fn (2020) K OARBZE T,
G-WATER[ID] Z W T/KEEIC X 2 EHELOFHEDR, HTKLEIFEIC—ETH D &
RE L T e, BB EE THUTKALIC B3 2 A 2 F2h L TW7RD o 7o 23, RIS o H
TARMBH T — 20, FNHEHWZAKEEFTALR ELGITEOM FAMEZHEETEIUE, XY
FERITEWEKENECOFRNBATREL 225725 9.

V. ¥ & &

2018 4F 11 A 225 2022 4F 8 A £ TN TV BB E S5 iGray (#17) DO F— & 51,
RIEZAL, BB X DB L MHIE L RS LN EATHEE, AKENELOHREIZL >
THIBTSZ Ea2RlkAii, 1E - 4fn (2020) TiX, BT S FHBBERFICRET D L VIR
ExEL Tz, UL, ZOREE /NS fafidk e Ko=50%x10" m/s & AV ok EHZE
fbOFHRE T, BF2FOEBNEEFHRT LI LI TERP ., AETIRELZ, EEK
M—EDEIE THEICRET 5E TV L EFFE KR K=5.0x10° m/s Z A\ 7cfEKE 2L
DFETIE, BE2ESDED BRI SNEENEEZHHT LI LN TE 2. BEERERNIHO
BHTF— 2 2AVWEEBEOHRREZIT O 2DITE, BEOME 280 KD RS L Fa It
TOLERD D Z LR ENTz, 5%, BN PIT O it B RIEM (57 - 7L,
2020) ZRWICBIREEFO N 7 MHIESBUIHIM P A C e 231 Z74RD /7 A X D[RIEESE
RERBLT, EERMICHFIEKREOZLEZFM T2 Z L HETH D, LV EEIChKE
HNECEFHEL THIET S Z & T, EHRIVT THIKICRIT 2 KIWEEICT 7 = 7 2iG8ho
REIDIRIRBIC A D B2 BID.

B AW IT JSPS BHIFE JP20K04093 D BhEk #5217 TWE . £72, [ETHREMEL T D
BEDOK ST —4 (https://www.data.jma.go.jp/gmd/risk/obsdl/index.php, 2023 42 A 24 H &)
A a—RULEHLEL .

X M
TR - fEEEE— - AATR - L - MrARE= - B E - RS - RBIER - ILFE, 2009, B SE L
IZHRUT B0 IR UK E D IE & B, WIHiSeEE, 55, 87-93.
A PR — - WEILE—, 2020, BJEICRIT DM EE (2019 43 LT 2020 ), B AR HIEETSEFT R,
95, 9-13.
Kazama, T., Y. Tamura, K. Asari, S. Manabe and S. Okubo, 2012. Gravity changes associated with variations

in local land-water distributions: Observations and hydrological modeling at Isawa Fan, northern Japan, Earth
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Planets Space, 64, 309-331.

AR - IUARES - @EE— - FFRIEA, 2014, fEXIES T — 2 ICut T 5 EKBELAEOEEME © R AILE
Bz, HIHFEE, 60, 73-89.

Matsumoto, K., T. Sato, T. Takanezawa, and M. Ooe, 2001. GOTIC2 : A program for computation of oceanic
tidal loading effect, JHIHhZ2EEE, 47, 243-248.

Zfn—pk - W - B A - SRS - MOKE, 2019, iGrav BUBEEENF #L7) OEH I NVT T KILHIE
ORI AL - BT 2R TR S, ALHEE RSB B S, 82, 19-24.

ARn—pk - SVt — - WL - SEER - KEET - MEfA - LA RRE - ARESE, 20200 Mkt ESEE Ok
BIC X DBEEENFOR T — VT 7 7 2 —OHEE 2019 F 9 A ALHEEE K35 FREFTIC S W T, dbifEE
KR HIBRY BERTFE S, 83, 97-101.

HHEMEIE - BT R - SRR SCRAIFZESE, 2009, 7K SCRME Hydrologic Science, 337 HAREZ S L.

Tamura, Y., T. Sato, M. Ooe, and M. Ishiguro, 1991. A procedure for tidal analysis with a Bayesian
information criterion, Geophys. J. Int., 104, 507-516.

Van Camp, M. and P, Vauterin, 2005. Tsoft : graphical and interactive software for the analysis of time series
and Earth tides, Computers & Geosciences, 31 (5), 631-640.

LRSS - A Fn—pk, 2020. 2 FHOBREESFENT — 2 22 LHEE S L5 EH - 5 TR OFRHIN - BEHES
b, MHFESEE, 66, 16-22.

AR - SRR - S EIE S - PSRk - mEES - —HIE R, 2010, MUBREET — X X=XV AT ADRHE,
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