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Abstract

Absolute and relative gravity values were measured in the northern part of Kumamoto Prefecture in
August 2018, in order to calibrate the scale factors of relative gravimeters and to observe spatiotemporal
gravity variations in this area. Absolute gravity data were collected at two gravity points, Mashiki and
HondoA (184 and 1166 m altitude, respectively), and both absolute gravity values were determined with
about 2.6 uGal precision. The absolute gravity values and simultaneously measured relative gravity data
were utilized in estimating the scale factors of five relative gravimeters under the least-square approach;
accordingly, the scale factors were determined in the range of 0.996992 (LaCoste & Romberg D58) to
1.002390 (Scintrex CG6-18010054) within about 8 X 107° precision. By comparing the gravity values with
past values, the absolute gravity at Mashiki was found to have decreased by 27 uGal since August 2016
because of ground uplift after the 2016 Kumamoto earthquake and hydrological mass decrease. In
contrast, the gravity values at HondoA were found to have increased by 85 uGal since 2000, mainly
because of ground subsidence associated with the 2016 Kumamoto earthquake and magma chamber
deflation under Aso volcano.
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Fig. 1. (a) Map of Kyushu Island in western Japan. Triangle and square indicate summit of Aso volcano and map area of
panel (b), respectively. (b) Topographic map of the northern part of Kumamoto Prefecture, drawn using a 50-m digital
elevation model of Geospatial Information Authority of Japan. Black and white circles indicate gravity points where
gravity data were collected and not collected, respectively, in August 2018. White squares and black triangle indicate
GEONET stations and Nakadake crater of Aso volcano, respectively. (c) Satellite image of Hondo Observatory, derived
from Google Earth Pro. Two white circles indicate gravity points, AVL14 and HondoA, where gravity data were
collected in August 2018. Black circle indicates gravity point, HondoB (Sofyan et al., 2016), where gravity data were not
collected in August 2018. Square drawn with white lines indicates GPS station, HOND (Fig. 5).
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Table 1. Parameters for absolute gravity measurements at Mashiki and HondoA.

Gravity point Mashiki HondoA
Latitude [deg] 32.8355 32.8795
Longitude [deg] 130.8710 131.0757
Elevation [m] 185.6 1152.0
Nominal pressure [hPal 991.15 882.30
Barometric admittance [uGal/hPal 0.3 0.3
Vertical gravity gradient [pGal/cm] -3.225 -3.523
Transfer height [cm] 0.00 0.00
Polar position: X [arc-sec] 0.207158 0.211560
Polar position: Y [arc-sec] 0.380236 0.370514
Setup height [cm] 11.65 12.60

The parameters in the rows from “latitude” to “transfer height” are the same as those
used in past gravity measurements. Polar position values are quoted from IERS Bulletin
A. Setup height values were obtained during our absolute gravity measurements in

August 2018.
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Fig. 2. Air pressure data collected at two absolute gravity points, Mashiki and HondoA (panels (a) and (b), respectively).
Black lines indicate air pressure values collected in the controller of the FG5-210 absolute gravimeter. Gray lines
indicate air pressure values collected with a portable barometer, TR-73U.
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N (Fig.3d) EHH L CHEEERE 720, &)
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Fig. 3. Absolute gravity measurements at the Mashiki absolute gravity point. (a) Benchmark of gravity point. (b) FG5-210
absolute gravimeter, installed at gravity point on 20 August 2018. (c) Outward appearance of gravity point before
absolute gravity was measured. An 11-m parabola antenna (Sakata et al., 1988) was located on the roof of the gravity point.
(d) Outward appearance of gravity point when absolute gravity was measured in August 2018. Parabola antenna was
removed in 2017 because of damage caused by strong vibrations during the 2016 Kumamoto earthquake. (e) Circles and
error bars indicate set gravity and standard error values, respectively, obtained at Mashiki gravity point on 20-22
August 2018. (f) Histogram of set gravity data (the panel (e)). # and o indicate average and standard deviation of set
gravity data, respectively. Note that value # shown in the panel (f) means gravity value relative to 979 511 000 uGal.
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et al, 2015) TH 5. KBITOT A ¥ ABPE O LB
Ml — % (https://www.datajma.go.jp/obd/stats/etrn/
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Fig. 4. Gravity measurements at HondoA/AVL14 gravity points. (a) White arrow points to the black mark on the floor,
indicating the HondoA absolute gravity point. A black car key is positioned near the gravity point on the floor, and it
indicates the direction of the tripod for the FG5's Superspring, which dumps ground vibrations during gravity
measurements. (b) FG5-210 absolute gravimeter, installed at HondoA absolute gravity point on 29 August 2018. (c)
Relative gravity measurement at AVL14 relative gravity point. HondoA absolute gravity point is located in the
building. (d) Circles and error bars indicate set gravity and standard error values, respectively, obtained at HondoA
absolute gravity point on 29-31 August 2018. (e) Histogram of the gravity data (the panel (d)). # and o indicate average
and standard deviation of set gravity data, respectively. Note that value # shown in the panel (e) means gravity value

relative to 979 285 000 uGal.
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R 7 b g9 TWIWEB 2+ ICHIETE Twiwn/z
WEEZOLND. L) DY MIWIHE) EHEIC

H R KB DI I & o TEBEWMIZE L 2 B4 &,
HEEDTINEBNC X o THERRE RIS 2% 2 RZERT
LM EEN O 2 00 H 5. 0 b EKREBIHES
BENEARZOWTRERMICEHAETETH 5205 (eg,
Timmen and Wenzel, 1995), {EEEm IS I 4E ) EHZE
BIZ DWW TR R M ERAE 11 7 & D E 7V & HW T
BRI PRI 5 2 LB TH S (e.g, Matsumoto et
al, 2000, 2001). L2 L, AWGETIXMENY 7 b g9 TF
7+ ) k&5 Twb Schwiderski (1980) o i 1%
EFNEMELCTEY, WA W& v o 72 N
JE B O A W 2 S HB T E TR WIS
HbH. ZoOER, EHEWNT— 51 ﬂ@‘é@ﬂ(ﬁ%ﬁﬂf?ﬁ‘ﬁ“
M ENenwE | set gravity DIERY (Fig.4d) |
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PO OMBEIIHR > T LI -7 EZONLDTH
5. 7+3, Fig 4d # Fig. 3e L i+ 5 &, HondoA #l
PSP BEER I AL LTV B DISHIW A B O B
D ASKE L, —J5 Mashiki TS S WIELE WIS D
Wb 53 set gravity I R ZEB AR S kv,
ZOFERE LTI, BEEOE HondoA AT
FRTFATIHICR > TW D O 2 A5 2L
OEERGT (T b b EIEA) IZH AT W5 1] hE
PR, & %\ id Mashiki )i TIE R 20 77 DZET
TE B AEDTK & Do 7272012 10 uGal A 0 T &AL A
MBI Z ChWIRE S E 2 S b,

A3k HondoA kS )i % IEFEIZTE T B 728012
1%, Schwiderski (1980) X b & W3O & lgREEIY €
TN & #ESE LT (e.g, Matsumoto et al, 2000) A E
WP e RERCHIET 2LENXH L. LErLids, K
WFE T3 2 H M ok & )l % % HondoA 12 T i
LTHY, Fig 4d @ set gravity BR5 %2 F D F T
5 Z & CHEBEWNG A I OBt TE 5 b
O EWFEIND. T/, Fig 4d O set gravity ([Z1E%R
¥ f(t)=A+Bcos drt+Csindnt (7272 L t ® AL X
day) ZWg &85 2 & CTHIMNEIM A 2R L7275
A OffilZ Fig. 4d @ set gravity O (k) & 0.3
uGal LN T—H LT, ZoffixtEEoFhiagk
HUROEMICKEREEE X W L 2R L TY
5. FZTARTIE, Fig 4d @ set gravity BRI 2
UL E oW E @3 5 2 &89, set gravity @
AN X 5 T HondoA D HMixd il % P 3
HZlllL7z ZORRERLIZON Fig de D A b
TIHTHY, TAD 201848 H 29 H~31 HIZBIT S
MTETREIZ L Y, HondoA DM E DT3B X
OREHE(R 713 979 285 761.804+2.599 nGal & 4% 5 n 7z,

HondoA Tl 2000 4F 3 H ISR L DO ILEH TH % 1H
H 52 &5 TFG5-210 (AWFFETHEM L72d o & Ui
M EIIEN I X B EIRIEDS, F 72 2004 4E 7 X
WK EMIEE)F— 212X - TFG5-212 12 &
LA EDWENEBEI N, D)5, 20044E7 HD
HMixTE 7 — 5 RRRFHEIZEAT, ME) 122w T
1 set gravity O FEHER AT 195uGal & K& o727z
B, KL TIEZ Ot EIMELZ LWL 22 &5 5.
7B, 2004 4E 7 HOMITE )T — & OBRAEPKED - 72
JERE LT, KINGEIOIGFALICHE 5 KILPEHFE R K
v D o B R4 T, 2004) 2Pk - T, E I
HondoA OHIREIAH KL Tz Ez oMb,
—77, 2000 4 3 AIEBgRKILOFERIICHY L (R4
JT', 2004), set gravity DFE#ER#E D 8.1 uGal & 2004 4

DI/ B/ENTWS., ZDL &® HondoA 128
VB ek EIE O 1E 979 285 677 uGal TH Y, T4
b 2000 4E 3 H~2018 48 HD 18 4 5 A MIZ+85
uGal ZZUF EIAEAL L 722 &Il b,

COFEDBEMOIEH & LT, 12 HondoA DML
MoEBNEZ 5N 5D, Fig 5 3AEBHFNICIR SN
Twv % GPS Bl HOND (Fig. 1 &) OmEEE(LE R
LT3, ZOMRRINIBHOWNGT -4 %2V 7 b7 o
7 GipsyX (Bar-Sever, 2016) T4 % 2 & THL L2
LDOTHY, WMWY 72-Tid ITRF2014 (Altamimi et
al,2016) 2 SFEMEEIN S 7L — MEROEE (Filk)iih
—12.76 mm/yr : BPG 7] +25.79 mm/yr) % KFZEfL
F=nHELIWTWS (Fig. 5a-b). =@ GPS #iill
JIE 2003 4F 12 H 0% i AR B B & kBt L T %
A%, 2N E T 2011 AERALH TR R R 2016 4ETE
ARUFRICHE D MR b2 B, 5 X OVREARHME ICHE D 4%
BB & RLsk LT & 2. 22T HOND Bl S o sl 4
MACIEH$ % & (Fig. 5¢), 2016 4 4 H OREAHGEREIC
#7530 cm DILFEAER S T A, ZR A
BUTHHERDLILEIIEL T2 0055 5. RER
RO K & 2 EBEE, LB AN EN 2 RO WF
J& 2% HOND il S o Wl cAHRFhEs 2 L2 ki
R L TWwa (&K -, 2016). F72, JEHERFORES
27k, BB VT T R IEERE T O T 6
km [ZWET 5~ <72 F ) SRMICIGH L T\w5 7z
 (ZEE -, 2006) &£z 5N 5. 2003 45 12 H D GPS
BB LW A 5 2018 4 8 H F T L F AR IE
—36cmIZELTEBY, 2ZiZ—20uGal/cm D7 —7—
BB E BT S b B & AREBINET T+ 72 uGal O E )
ZALAATECE %, 2000 45 3 H (e ot B %)
25 2003 4F 12 H (GPS #fke#lill o fl4g) o fix GPS
OB 7 — 7 BHFEEL TRV o0, <7< 2 E
D YRR PE D RB R LA OIS L Tw b & F
TUE, 2000 4 3 H~2018 4F 8 H OikFEIZH 40cm, =
JIBIMEIA 80 uGal & FHEN D, Z O ES)
WEcHONZENEMELZEELV EHhD,
HondoA O FE MO KL M ORI X - CTHl
HTXAHLEZOLNLDTHD. B, X7/<7ZENIN
f - WEED) - PR &2hE D mZL RS R <
EF ML L (FKJE, 1977 : Okubo, 1992 ; Kazama et al,
2015) ZOflizFEHENT— & 52 L5 ZET, K
NGB D) bHBLEBHZ2E L2 VwE ) 2 EELHBL
(Bl Z \EBAKRER 2 &) 2RI TEEEDSD 5.
C D REANID VTS B OIE CREM 72 0T % K3 % F
ETH5b.
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Fig.5. Black dots indicate crustal displacements since 9 December, 2003, observed at GPS station,
HOND (square in Fig. 1c). Stars indicate times when absolute gravity was measured at HondoA,
and triangles indicate times when 2011 Tohoku and 2016 Kumamoto earthquakes occurred. (a)
Latitudinal displacement. (b) Longitudinal displacement. (c) Vertical displacement.

4. MHERHEHBIE

F 412 2018 4F 8 H itk I3l g D ferfic, REARR
O FE ) BB\ TR E A2 7oA
TIME 2 FER L 72, A A B e & FE i L 7B i
Fig. 1b OHIEHNCHMLTRLTWA 9ETcH b, 2o
HRC AT O E & FE e L 72 2 4 (Mashiki 8 X O
HondoA) d&FNTwab. HBICHW M EENE
HEF5 AT, EARFAILIZEE Y ¥ —iHD Y v b
Ly 7 ZENFH 285 (CG5-150241330, CG6-18010054)
B LUK FHAERIEDO T I A FE)JFE3H
(LC-D58,LC-G534,LC-G680) THAH. ZDHH, TR
F EJIEF LC-G534 3 X OF LC-G680 (X T Bzt AW » KT
HY, WERTHRICERELH WA Z L THUE% T
HICEHT 5. —F, 260V MLy 2 AEHEB X
ORI 7 a A +#JJEFLC-D58 (Fig.4e) 137 4 — F
Ny 7 HFRERBLTEY, SEIFAREOWS M T
FOROFEIMEZEHEMAL I ENTESL, T2, Ths
3EOENFHIEITREAME % WA V) ZITERRATE L
THY, WERTRICENELZERT— 5 & LTSS
L2 EHNETH 5.

& H O EJWE TIE, BHROET) 52 H Sk
AEL, FEIHOAMRE X OEROENHEZNET 2
Tk o7z Tz, SRR OZIHE) EHELE &
ZERIET 2720, FEIWERFICIZE]T~ENFR L

HHOEEZME L. ZOHOMHMNESIMEIEKT L
72112, (LC-G534 3 & U8 LC-G680 12 oW TIZ I~

BENHOBR AT - 72 BC) Fbles - BRI - 2800 F
U7 M) EHELZRIE L, SE MM OMRE)
iz dw Lz, ok, FEIARME 3.086 uGal/cm % %
MEHIEICMER L, BB L CRIER M Y 7 &
B L. %3, LC680 DFtHUiEi—~EIEOZE OB
W21, 2016 4E 3 HicdE 8 7z SFiE 1.000305 (Fukuda
etal,2017) %My, ZHtEOFEIMEZE 1.000305 £5 L 7.
Z DD 4 DD FEIJFHTOWTIX SF fii & LT 1.000000
ERGEL, FHWOAT —VHIEZERL %205 7.

L2 AT, #iktE I (Mashiki 3 & Uf HondoA) T
Moo DM E % FER L TR B VT, HES
HMOBEFETHEENMEZHNEST S EPATMEETDH -
72 22T, A IHN F ) SO BRI R E R
C O A MR EITWE R Lz, 72, HixrED
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HSERE T #121F, LC-D58 & H v Tk ) sk 9%
MR OENAZNE L. STk, fiBhizkth
L7z ENEZ, S dHdE S 2 &Hm L7250
DEIZABRTIENTE S, BARWIZIE, MHBxTEI N
Mashiki Tl [d] U=2P I #B) 51 Mashiki-Ho %Ki L,
Mashiki (2%} 3 % Mashiki-Ho ® )37 & L CT+10 uGal
iR, —7, #kE ) HondoA CTlXEMIALOFEILIC
N % 7KHE S AVL14 (Figs.1and 4c) ##ibhi & 25%
L, HondoA {Zx33 % AVLI4 ®FEJj7# & LT —119 uGal
7.

2018 4% 8 HIZH b M7 & H ) i oA HIJME (L
i : uGal) % Table 2 IZ/RF. Z D TIEHER HIJ A
HondoA #A#e L LA EMEEZRLTBY, A
(Mashiki-Ho 8 £ 0" AVL14) ToOREMIE Lo ET)
e D % VT 8 50 (Mashiki 38 X O HondoA)
TOREMITER L T D, T, MHREIHEZEEK
HAT > 72 RSO W TUEZ O ER R 2 BAi g L
TRITRLTW S, fixdHEIF FG5-210 THH Lz
HondoA~Mashiki [ O #ixt 7413 226155 uGal TH 1,
e (1166—184=982m) (2 JJAJBLAE 2.3 uGal/cm
EENTEDLEIGEOETELIZIEZ KT S, KHMNE
7151 T3 5 72 HondoA~Mashiki & O B b #
XFH )7 226155 uGal DFIZE O Z - TV 525, i
CG6-18010054 1% FG5-210 & » 537 uGal /M & <, LC-
D58 ix FG5-210 & 1) 663uGal b K& w., 2oz &g,
CG6-18010054 TR SN2 EIIEAEOHEIIED 0.998
RERRBE AN S, LC-D58 TllE S 4L 5 X H I A
BEOEJED 1.003 HBREEICIERINL 2 2B LT
W5, ZOEHI, RUFETHW AN EIFHIE 2
DR EVEEETHNEDFFOMETZE (~10 uGal)
EHZ D L) eMRENEOTNEA LS TREERS %
DT, FKHxEIIE O SFHEZ IEIEICIVE L 20
MEEICHIIET A2 LDREETH 5.

5. MHEMENFHOXT—IVT 77 5 —DHE

Table 2 1IZ/R L7z, A4 IZEI) M 8 M (HondoA
Zr<) ThAROMMEIIEZ AR I HE % 92
i L, HondoA % #iE & L 7251 26 1 o> At 5 J7 it % HL
L7, Zofl, %1% HondoA & Mashiki Cfixf &
TEZ SIS THEM L (Figs. 3 and 4), 2 D Dfixf
HHMDOES % 226155 uGal L P L7z, 22T,
X E I EF FG5-210 T 5 1172 HondoA~Mashiki [ O &
NENEAETH 5 LB T 5L, RUEITB 5 KA
J A —% —1% [HondoA & Mashiki Z < HIJH 7 3HD
HOMxEIME] B L[5 HOMEIIFO SFAE] @
12 EFRETE D, 22T, RETILFE 26 Mo E
DB T — & Bl ME L7 BT, BlllhR
KOWEHEIZ L - TR 12 BORHT X —F — % FLFG
b0, POZORRIZOVTHERT 5.
5.1 EBAIFERX

ZH2Y, BEOBHBEIILTO X 5 BRI
— AT HIENTES.

-

Gm=d (2)

ZIT, dRF—IRZ MV (KB T 5), m IRE
TIVRZ MV (R nm £ T 5), GIE7Y — v BEATH
a AT X H1) TH 2. WFE m BERHT, 7D 14> nn
DHBAIE, UTOMEHEICE>Tm OFELY E
THLIENTEL, 4B, ZOREFFTSICHEAFIT AL
/N EFEOITHIERBUANZ: & 22\,

m = (G'G)'G'd (3)

KFGEDOB A, na=26, nn=12 Th 5. ThbbH, 261
DOWMETTRAZUTO L) IERL, 2hzk (2) ofF
FlE LCEBT 22 LT, m (KM L7 12 oK
FA=% =% (3) IZXoTHFITL .

¥ 9, Mashiki DENEE R T HEXIL T LS 12

Table 2. Gravity values relative to HondoA gravity point collected with five relative gravimeters and FG5-210

absolute gravimeter in August 2018.

Gravimeter CG5-150241330 CG6-18010054 LC-D58 LC-G534 LC-G680 FG5-210
Mashiki 226296 225618 226818 226119 226147 226155
Sakanashi 150780 150308 151177 150617 150649
960703A 149445
AVLO01 129777 129384
AVLO05 86302 86025 86463
AVL10 24356 24272 24381
Museum 5029 4988 5001
HondoA 0 0 0 0 0 0
AsoCC —20292 -20271 —20370 -20321
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#HiF 5.
gz{/lashiki'cj = UMashiki (4)

ZCT, gl \FHRESE S TH SNz HondoA~HE ) H
i B O EJIH (Table 2), ¢/ (33T EIIFF 7 @ SF 1H,
gi V& HondoA~H ) pl i OB OMMESMETH 5. I
KOY & i=Mashiki T Y, G35 E OF
B (Figs.3and 4) % H\ T guasnini= 226155 uGal & FHlF
5. T bbb, EBOD gl 3N (2) O G2, i m
12, B A B O grasis W AT HIE L. BB,
HondoA~Mashiki [ Tl 5 B4 COMX EIIEHCTHIXS
EHHEDN R ENTWDL DT, Mashiki DENEZ KT
FHEEX (4) Z5AREKTE .

WIZ, Mashiki DAAOTEI 7 oE )% RS HRE
KIEUTD L HITHEIT 5.

glrc’+(=1)gi=0 (5)

ZoXEX(©2) LS LELELE, ElD gl —113
G2, dEgldm iz, »OoHBO 0 d ISl SR
¥X\v. %3, HondoA, Mashiki BISF o EJy 4 7 ATl
F 21 oMM EIfEZWEL T2 DT (Table 2), X
(5) OFFENIZETT 21 KERTE 5.
5.2 AF—=I77 8—DHETEER
Table 3 @ Estimated value 25 4 1%, 3 (3) TR X
NIZETFNNT A—5— (me ki) ©9H 5 BOM
EHEID SFHOHEERER o/ &, FOEERFAEZ/RLT
W%, %3P, SF ORI E T IV O 535 84T
¢l

(d—Gme) (d—Gm:)

Cm= prp— G'e™ (6)

DEWSGFD D B, AT OFHMETS Z & T L
TWwb. SF &I 5 A4 T oM EJET 1.000000
EBDDEZ o T BAH5, LC-G680 % b < 4 D EIIFE

TR 72 O HEPH 2 W 2 513 EA E 12 1.000000 72 5
AN Twb, SFEA R DK E Vo id CG6-18010054 @
1.002390 TH D, ZThix CG6 EHRMIFERINLEN
EZSEOfE L D B 1/1.002390=0.9976 £5 721 /M & { FoR
ENBHZEXBRLTWS., F72, SEHEARD IV
D1 LC-D58 @ 0.996992 T&H H, Ziid D58 HIJEHC
FRENLHEIHESEOME L D H 1/0.996992=1.0031 £5
PIRELFRENDEZLZEHRLTYS., IH O
AT SR REAREL Tl 2 S N2 E )l (Table2) O4F
BLdE—FHLTnD, —FICHXEIIFO SF X
101 OHFTL oM NEZ ERE VR (eg, HII - i,
1977 ; Fukuda et al, 2017), R #F %8 T H v 72 CG6-
18010054 & LC-D58 132 M & 1) b 1HFK & v 1073 oify
T1IABANTVES, EFZD2200ENFHILEL T
M - BOED S OB AL, TOZ EASSFHED
RKEZTHNICHBL TV SE2D Lk (eg, Meurers,
2018). w9 Dy, CG6-18010054 1 2017 4EFERITHK
HRFEKINFE L > & = ICHHMA SN ENFTH
1, 2018 4£ 3 HIZFTRE K1 B\ THIE DA T E
NERSN T2, LCD58IEd & b & A KF I
e L C W 72 FE)FNA O B FICTH - 7295,
2017 4EF£ 12 L and R Repair Service fi2k > T7 14— F
Ny 7 RATHEE S, 2018 47 2 ISR TRABREBLI 2392
Sz MEENE S HEOWE D S S E O E
(2018 4- 8 ) FTHAERMELMEBLTELT, 20
CENSFHEORELTNICEBRLTVEd L w
DTHb. ZDDH, ZO22ODFENFHIOWTIZSH
QHEICSFaMaEL, 4o SFHOZ LR SF
EDOWERIZAL (e.g, Meurers, 2018) &AL T LB
Wb LEZOLND.

Table 3 ® Estimated value 2 5 & OFEHE{F 2275 H
T5E, EEFEETEOEIFTD 0.00008 (8x107°)
B> T, MHENBINT — & 2% B IEHT
& (Table2 M) HEHERXED 10 DHFTHEL %o T

Table 3. Scale factors and standard deviations of five relative gravimeters.

Gravimeter Old value Estimated value New value
CG5-150241330 1.000000 0.999339 % 0.000082 0.999339 £ 0.000082
CG6-18010054 1.000000 1.002390 £ 0.000082 1.002390 = 0.000082

LC-D58 1.000000 0.996992 £ 0.000085 0.996992 = 0.000085
LC-G534 1.000000 1.000232 = 0.000088 1.000232 = 0.000088
LC-G680 1.000305 = 0.000043 1.000076 = 0.000088 1.000381 = 0.000098

The “old value” column indicates scale factor assumed in initial data processing. The “estimated value” column indicates scale
factor obtained in least-square calculation. The “new value” column indicates updated scale factor for each relative gravimeter

as of August 2018.
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Wb, Thbb IOk, SFHEZE LY IEMICHET
BIIEL S OB ENMEE LT 5 Z EHPUETDH
L, LWVWH)ZEEERLTWS., L2LEDYRL, A%k
@ SF 1l o £ AR 221X T oF g8 (Pl - A, 19775
Fukudaetal,2017) X9 dRRKREL, BITHIZEEH L
EBEICSFZBERCRELTWDE ERF VA2,
FATHIZE L 0 SEERZENRE WHEE & LT, #E
JIDHR5E A 2 pi (Mashiki B & O HondoA) & 7%
7o R, 2 R OMi E ) 2A%%) 200mGal & ST EKRE
Lo 72 AT b5, #1213 Fukuda et al. (2017)
2016 A3 HIC=2—Y—F ¥ FOEJJ 8 piCTfixt
HJ) - AT ET O e & FHE L, % 850mGal &\
HFEZ WM LT LC-G680 o SF fili % Bl 72 4 X 107°
OREEETYE Lz, F72, Wl -l (1977) 3IREHRS
IH F CTOR 17 BB B MR E IR E THRAK 1600
mGal DR & L EHEZWE L, ZORKEMxTEIE 8
7D SF i % B #E R 7 2X 107° O FETHRET H 2 L1
W L7z, RWFZEClE HRER FHEOH A - Mashiki &
HondoA @ 2 ;5.0 A CHiklET7 - AR EF O HiHE 2=
FEhti L7225, FRIICIEP AR ZEH HF v /8 A
(P - flis, 1998) THEJJME %479 Z & T HondoA & @
W) 2R 420mGal % A L, #AHXTEIIEFO SF % 4R
e L D SIEfEICHRETE 2 & fFs 5.

B, HARETHRNIGEY, RAEOT— & T
LC-G680 @ SF fi5 & L T 2016 4£ 3 H @ fii 1.000305
(Fukuda et al, 2017) %M L T&7: (Table 3 ® Old
value). F7:, ARFZEOWEIHTIEZ O SFHEPSH DT
& LT 1.000076 & 9 i 23# & 17z (Table 3 @

Estimated value). 37 b %, 20184 8 AREMIZBIT 5
LC-G680 @ SF fifi 1% 1.000305 % 1.000076=1.000381 & &I
HT& % (Table 3 ® New value). Old value & New
value ® 213 0.000076 TH H, Z i 200mGal DEJ)
#% 30 2 M (Mashiki~HondoA FIZHIY) THIx}
I % FEHbE L 72 e\ AH R T8 )0 0 Rt ik = 15.2
Gal AL A Z L2 ERL TV D, 2 ORfakA A0
S ENFEO—B R ERE (~10uGa) & FBEETH
0, REARIBALIR O MR NS B0 2 AR 02 CLE A
WEHMORMEREFICZ T EREREEE G2 20H O
LFHEENS. L2LARPS, 4% LC-G630 % lwT
200mGal iz % & 9 E))ELWET A, HT
% SFAHDENZ & o T3t uGal Dsfitat s34 L
LENDD DO TEENLETH L.
5.3 MHEMEHEOHERER

Table 4 o/ MlZiE, KX (3) TEHHEINIZET V8T
A—%— m, DI L, HondoA % Hitt & L% E S HD
ARSI g, BEPZOEHRERFELZRL TS,
i 2= 253 b K & Wl pZ FE ) T 960703A @ 26 uGal T
HY, ZOEKIE 960703A Tl L7-E 515 LC-D58
DIBEDATH o272, BIULC-DSS HEHDMEMR
FEWREPSTIDOEEZLNSE (BEITODWTIIRE
%CHE). MO ES BT SR 10 uGal
ATHY, BEIZHS N TV D ERI oMl ERE
(~10uGal) EFMBEICR->TWE., ZOHRTY, £
OMREIJETE I % W L 72 H 0 TR IR (R 22
AVNE L, B 2 1% Sakanashi Tl 12 uGal, AsoCC Tl
NuGal Lo TWwd. Thbb, KEHHOEIEE

Table 4. Relative gravity values at gravity points in the northern part of Kumamoto Prefecture.

Gravity gi gl ¢/ - g; [pGall

Point [pGall CG5 CG6é LC-D58 LC-G534 LC-G680
Mashiki 226155 -9 3 -20 16 9
Sakanashi 150676 = 12 4 -8 46 -24 -16
960703A 148995 + 26 0

AVLO1 129692 *+ 18 -1

AVLO05 86226 *t 14 19 —24

AVL10 24326 + 13 14 -19

Museum 5004 * 13 22 -4 -19

HondoA 0 0 0 0 0 0
AsoCC -20307 + 11 29 -12 -2 -16

Absolute average 14 5 18 20 13

The gi column indicates gravity values (relative to HondoA gravity point) and standard deviation obtained in least-
square calculation. Note that relative gravity value at Mashiki (226155 uGal) was determined with absolute gravity
measurements at Mashiki and HondoA in August 2018 (Figs. 3-4). The (g/*¢’— ¢ column indicates the difference
between measured and calculated gravity values (g/*c’ and gi, respectively).
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KR CHEET 5121, 2 oM EEHcEIIMEZ M
ETHIENEETH 5.

Table 4 DAL, HIFE ) ORI 2 fE & I 2 i 7
bbb glc—gERLTWA., ZOMHEIZXGB) D@D
BARIITIZ 0127 525, FEBIEME Mo e iAo
BCTOTRWMEZFF>TWD. gidd—g P dD/PIVE
J1EHE CG6-18010054 T, gi-c'—gi DHIFED F-341% 5
uGal TH 5. 52 fiTHl7238 Y CG6-18010054 1 SF 1l
WL HRELANTVWEENFITH o775 SFEZIE
MW HE LS 2§ 4UE CG6-18010054 12 & - THE A
DX E DO BEAL % 5 uGal FIEDRAETRETE 5,
L9 2L % Table 4 DFRRIIERL TV, Zofio
HENENIBI S gi-c'—g OF I, CG5-150241330 &
LC-G680 3N 14 uGal, 13uGal TH v, FEERIC
HMHNTW B EETOMERA (~10uGal) & [FHFE
ETHAH., —Ji, LC-D58 & LC-G534 lIZoWnTidEh=
N 18 uGal, 20uGal TH Y, D 3 DOEHFHIHRT
HEME & HEEMOZEAKE W, 12, LC-D8 I2oWnwT
3% OFEF) M Tlgic’—gl 7519 uGal %2 TV,
B JJ 4 Sakanashi 12 5 Tl 46 uGal IZELTW5A. 7%
B, EJI 960703A 12 BF % LC-D58 D gic'—gi 13 Bk
T2 0uGal &£ o TWVBDS, ZTHIFHESE 960703A T
HJEF LC-D58 O ADSHE Il % g L7z 728, EIET
LC-D58 il 5E it 72 A3 )y 5 960703 A > F I filiffe i it 7=
KL shTtwzboEZ5Nh% BN
960703A D ERF (26 uGal) % FEIIFF LC-D5S DifllsE
M UTho 2354, LC-D58 2B 5 |gi-c'— gl D
¥ 18 uGal 75 22uGal 12 FH-L, 5 o0&EHEIomT
I D IERAENKE W E RS L5, LC-D58 Ol % ik
K ECHHIZOW TR L TEIAATH 575, 4
BB R R 7 — & AT LC-D58 D EIED L E
P2 BRIERTRETH S, W2 BHET 2%
—E2 5 7 U CHEMR L 2B ENEA T oM E —
BT & EAHRAT S, BTG LEEDT—%
EREHLEES 5 & & TEDWEMOFH PR % i
ETDH, GBEDTITRPLETDH 5.

5.4 MEMEHEOEEZEL

AVLO1, AVL05, AVLI10 {22 Tl 1981 4E DARE R 4R
BEICHHEDMENEBENTEY, ZoRREEH
JIL- Al (2009) 12T EdBNTWS. ZDRATHIZETIE,
2008 4F 11 H12 7 B OMXT E 5 v 7
ZHEBL, FEIFTH SN E IO P % 5
HWLTWwa. Zm9 b, AVLOL (2xhd % 2008 4E 11 A
B oM E I, AVL05 T —43591 pGal, AVLIO
T—105533uGal EE 5N TWA. %B, ZOETH%E

IZBWTIZ 7 BOEIIFH O E I EAT£30 uGal LLN
T—HLTBY, SFMOEWICLLEREDFTOENH
DFEIARGE (Table2) L0 b 1ThsvweEzoh
5. —7J5, Fx 1L 2018 4E 8 HIZ 5 AOMNE % H
WCHI SR ME ZEM L, AVLO1 250X &M
& LT AVL05 T—43466 uGal, AVLI10 T—105366 uGal
#1572 (Table 4). Thoofliz il &, Eh
AVLOL B X TF 2008 4F 2 FLi#e & L7249 10 4F 8 o H ) F
M2k, AVL05 T+125uGal, AVL10 T+167 uGal
LEMHTE .

BT gk X L o I # (AVLOD) \ZxF 3 2 B g 1L T8 ) 52
(AVLO05, AVL10) IZBF2EIEMOKKED 1 2121,
2016 FREAR MR O MR A B O ENE 2 b b, Fig
6 D7 bIViE GPS M EIN A TH S 7 BEAR H R I
DSREEMEEZRLTBY, BAMEOHZ 10 HH O
SR 2 LS Wb O Th 5. FIERILTEE T
FERBORHE, §T2bHAERMERICILREL 72 GPS 8l
WEDBL N ERSDD. WETFHLTWAENL I3 H
(AVLO1, AVLO05, AVL10) Ti& GPS e il 13 52 5l
nNTwuiwd oo, EEICIEZF 21 960703, OHJO,
ASM2 & w9 GPS Bl M ASFAE L TWw 5. GPS A
960703 % HHE & L 7-REARHER O SR EM =IE, OHJO
T—116cm, ASM2 T—225cm CTHb. 2D L) 4
EEMAFEETHOREEKEL, Sl LT
—20uGal/em Z M4 % &, AVL05 Tl +23 uGal,
AVLIO0 Tld+45uGal O EHEALSHIFHESNE. 2ok
I, BTRRILTERE AR B 2 TN O —FBIT REA #h
BIREOMIILEIC X > CTHBWEETH L. L LA
5, Bl S - Em BN REARE CIfE S ha B
BhNE X » 102 pGal (AVL05) 3 X 18122 nGal (AVL10)
bRENVD, ZTOERESITOWTIZRER M DAL D3
BEERBTDLUENDD.

FIRR I3 2 ITEER O TR B & LTl
EZHNDON, REARMBERE DAL OB % BRI
T O EFW 2L REORETH L. 32HB IV
Fig. 5 Tt /-8, FIERILTHE TR~ 7/ ~722F D
ORI 72 PGV AE - CREFE 1Y 2 HRIE RSB 2
W5 (ZHE - i, 2006). Fig.5c (& HondoA ¥TH® GPS
I HOND (GGRMl7ZAVi#1d Fig.1 #2M) B35 L T4
AR LTS5, HEARMEIEORE 2ILREZELD Bk <
&, HOND TiZ 2008 4E~2018 4£ 10 4E [ TH 10cm
PUBRLPICLBELTWSE,. 20X ) %ikkEds AVL0OS
RAVLIO THRETVLERET L E, ZhHDEN
HCEEDBMAMEETE L. LA Lads, ZopsE
W2HE S EHZIZE W +20uGal TH Y, AVL05 R
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Fig. 6. White and black arrows indicate GPS stations where ground uplift and subsidence, respectively, were observed during
the 2016 Kumamoto earthquake. White circles indicate gravity points where gravity data were collected in this study.

AVL10 THEEICE S h - B8NS % + 0305
5T LIETE R,

Brgk Il # (AVLOL) (Zxh3 2 By @k LT (AVLO0S5,
AVL10) OKRELEIMMOKEREE LT, TofbicFi
ENBHDIE TAVL0S R AVLI0 O 18 T Ik ) %
b vk ) R EEMMAFAET 5] [EIIERE N
AVLOl OFFE MISHZE ) % b kv X 9 2B &K
VHGAET D] R EOWMREETH L. 22D FEHbiR
T 2011 4 DLRAH T F 0 A kB Ic R s v, 2
CCTHOLNIERENZLE D L ICHREHE T VO
REEDHED LT WD (N -, 2019). 4, HFK-
Bk - v~ v RERSA (eg., ZEME - i, 2006 ;
Kanda et al, 2008) OKZEMZILEZ ET VLTSI LT,
FTgEIL A 3 2 I TESR OB R HH & 2b 0L
WitEs s, 72, 2008 45 LARG O A E M ()1 -
fli, 2009) 22T b ARNGE & FARDOFAL AT T — 5 fif
Mixdro 2 &<, X0 BRI A7 — v ChgtiLE
BOBRFFZEMRES 2B TE 5 LHFEEN 5.

6. £ & &

A FREABLILEBIZ BT 2018 48 8 HICHixTE Ty -
AT E D OFBFNEZFERL, BN MoOEIMES X
O RN S ADAr— V772 %— (SFil) Zik
EL7. RROEREMEESTRTEUTO@EY T
5.

- #a o 8 )7 2 Mashiki (281 % 2018 4 8 H 20 H~22
H o#fix; iM% 979 511 916.537£2.624 uGal & 1% 5
N7z, ZoOfHIZ 201648 HofE X b b 27 uGal 7217
INEL, ZOIENCIZREARIE (2016 4F 4 H%4) o
AN D MR OB R, PR R D%
BWREZOND.

- Haxd 7)) 2 HondoA 12517 % 2018 4£ 8 H 29 A ~31
H o#ak; I 979 285 761.804+2.599 uGal & 1% 5
N7z, oMtz 2000 4E 3 Aok » b 85 uGal 721
KE&L, ZOHHIIIEARMER~ 7~ 72F ) IGHIC
) MmO EEIEZ HND.

- MR EHE 5 Ao SF B G ERoMEEIC X -
T Table 3DV ESNZZ. ZDH L, SFHEFE®RD



REARBLALIRIC B B Ak} -

KEDo7201FY ¥ b Ly 2 ZEIE CG6-18010054
@ 1.002390£0.000082, SF flEiAsH b /N & H o 72D 1
5 a A +EHFFLC-D58 @ 0.996992+0.000085 T o
7z.

< AR E S 7 R ORI E A R o EH RIS

Lo T Tabled D@ SN/ TDHH, AVL0S

B LU AVLIO O HEIJMHE (AVLOL H4E) 1 2008

11 HX Y HZENEN 125 uGal, 167 pGal 731 kK & <

HoTBY, TO—HICIZRAMER~ 7 <72F I

MECHE D WHEEBEORENEZONS. L Lids

5, N5 200FG7Z2 T s - E Mm%

FHCRFHATE VWO T, B IS OES I

WCERINICHGEYT 2 LEDH 5.

%k, AW TR SN ZAHNESIFHO SF 1 (Table
3) 1, AHIIIB ) B 5 BOMRTENRE T — 7 ISR L
THEHTEL LS ND, LrLeds, MxtEE
TS DFAESBAIZAE - T SF 25 B A1 13 e 28
LT 2D HSHDT, 5% b EMNIC SF HOBE
FEBITRETHL. T/, RAEONRERTH 5 HE
AL TIIA B2 BN REZAI B S TS0
T, SHRLFMOMR - A EWE 2 RRFE L, HE -
KL - BEARZEEIAE D) EHE L EERB L OET ML
TV BEND B,

E
AFEDTEHWENZ Y 725 TIE, HAARFIFHRE S OF
PR ERDGE GRER T © 16K17749 ; WFoeflRs :
JEM D) B X OSCERAA TR EORIEICHRS 572
DO KBTI FEETE ] OBy % 52 1F 72, Mashiki
B & O HondoA TOFMMEMWAEIIBWTIE, ThEh
] Tt R )t 5 0y B M R & OO A MR SE T )
F— LM E SR E DR E ST X — 5 — BT 5 &k
B TRAb o 72 7o i B R Mashiki (281 % H
TE TIEHRER AT EHERE vy —DFS FIZ, F7-
— DM FE IR E TIE WA WK Ot - EER KT
BEdReF RR e, Bl - EHBERE) 1S THIinwiiine.
AWFZEDE SRR ZAL ORI Y4725 TIL, 2000 4F 3
A3 X 1082004 4E 7 A2 HondoA THllE S 7=y
xS L7z B2Hz). ZhooffixtEHEE,
ALK FIETINZ 350F 2 SO R MR A 72 & iR
FRPEIA R O L FENIZE, B L OTH AR RE
OFEIFEE M R G5 1 09304043, 15204040 ;
MR YY) oz b LicFEigh/ b 0T
HbH. T, WBEABOFS T HHEITIE, PR
IR S 7z GPS Blill s o & 7 — % (Figs.

MRS HE (2018 4 8 )

5-6) ZFMA L. o GPS Bl mfid KNAIC Gt
KEHEHZEI) O TRNCEVBEINZLDOTH 5.
AR SLOBMEENZ Y 72 5 T, il Y 7 - GMT (Wessel
and Smith, 1998) #H W CTHREMEK L7z, F72, KEfa
DBIEIZBW TS H— K L DM EL AR E
Buwieriniz, Db S IR LTEHVWALET.
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