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Superconducting Gravimeter(SG) was installed and has been successfully operated at MunGyung, Kyungsang prov-
ince in Korea in March 2005. It was registered as the 21st observatory of the Global Geodynamics Project. Since SG
can precisely measure the gravity variations below the 1mHz frequency band, it has the outstanding capability to sense
and resolve many different periodic gravity components from each other. From the raw data collected between 18
March 2005 and 21 February 2006 diurnal and semi-diurnal tidal band's residual gravity components were analyzed.
During this process, the instrumental noises, air pressure, and ground water corrections were carried out. Values of -
3.18nm/s¥hPa and 17nm/s*m were used tespectively in the air pressure and groundwater corrections. Hartmann-Wen-
zel and Whar-Dehant Earth tide models were adopted to compute the residual gravity for Q1, Ol, P1, K1, M2, N2,
$2, K2 tidal bands. For the ocean loading correction, SCW80, FES952, and FES02 models were used and compared.
As a result, FES02 ocean loading model has shown the best match for the data processing at MunGyung SG
MunGyung SG gravity was compared with GRACE satellite gravity. The correlation coefficient between the two grav-
ity after groundwater correction was 0.628, which is higher than before ground water correction. To evaluate sensitiv-
ity at MunGyung SG gravity statition, the gravity data measured during 2005 Indodesian earthquake was compared
with STS-2 broad band seismometer data. The result clearly revealed that the SG could recorded the same period of
earthquake with seismometer event and a few after-shock events those were detected by seismometer.

Key words : Superconducting gravimeter, Earth tides, Ocean loading, Air pressure and ground water corrections,
GRACE gravity, Comparison with seismometer data
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Fig. 1. Superconducting gravity sensing unit (GWR Instruments Ltd., 2003).
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Table 1. Characters of superconducting gravimeter (Neumeyer,
2005).

ADC(24bit)(standard) Resolution  0.1nGal
_Gfa‘vity' Resqluﬁ'on T <InGal
_ Period range < ls-many years

Measurement range

(linear transferr function) InGal-1mGal
) Accuracy calibration factor 0.2%~0.05 nGal/Volt
Gravity phase shifi(standard) 8.6s

Drift rate ~3 pGal/year
Gravity filter comer frequency

(standard) 61.5 mHz
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Fig. 2. Construction of MunGyung superconducting gravimeter SG pillar and platform. (a) SG site before construction,
(b)~(d) construction of pillar(5 m) which is connected to the basement rock and (e)~(f) construction of SG platform(1 mx

2 mx1 m).
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Fig. 3. Flow chart and cooling process of superconducting
gravimeter (GWR Instruments Ltd., 2003).
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Fig. 4. (a) Dewar, (b) data Acquisition System, and (c) control PC system.
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Fig. 5. Sites of superconducting gravimeters for the GGP project and East Asia cluster(http://www.eas.slu.edw/GGP/
ggphome.html).
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Table 2. Global surface gravity effects (Neumeyer, 2005).

Period Range

Physical Source

Gravity Effect

0.1s-10s Micro Seismic (natural or man made) Noise . up to 10 pgal
0.1s-100s Earthquakes up to 1 mgal
1 min-1h Earth's Free Oscillation up to 1 pgal
4h-8h Slichter Modes <l ngal
6h-1yr Body Tides up to 300 pgal
6h-1yr Ocean loading and ocean tides gal range
hours-months Shallow ocean tides gal range
hours Earth's Core Modes ngal range
~430 day Earth's Nearly Diurnal Free Wobble
min-yr Atmospheric Pressure Variations up to 20 pgal(~0.3 pugal/hPa)
min-yr Ground water Variations ~1-10 pgal/m
7 day-1 yr Long periodic Tidal Waves up to 12 pgal
365 day Annual Tidal Waves 3-6 pgal
~435 day Polar Motion(Chandler Wobble) up to 8 pgal

physical Union GGP Meeting® 53l A4o2 GGP
o 7IERA) o2 fEvele 23E FEAE 2
Z AA 1685 T/ H3lom, 4L AA 21
9] AT FuA B4 HA FEHUG. ¢
e QB 3 aln 2 AE dive] #5E
S} 87 FolNo} BEUE PATORA oprjo} A
o] A F AT Ao ZA 71dsHA =HA
(Fig. 6).

4, 2H=SHA Xz BEF E 24

3 x|dol| 24T A7kl wkE FEHe mAe Wt
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(Neumeyer, 2005). Fig. 6= °F 11d(2005.03.18-2006.
02. 21)7He] 24" EAZAE 59 ke BAs] A
o) Pz} 719 EAE Aot} =A% F A8
E e B4 oz F7]dEe] B vehte
o AA thdzk 24"HE A% FEAY Asele
Table 200 UEhd 14719) 5714137} o] et
o ZAE FEAZ 338 28 gAEE A #
22 BEE A 23 2R A3} old] igt Ao
2 wkg- ocean loading, 718}, Alskr A% T
& 7K AREF A URe A o)F 5 AT

a

o slsl] Wake RE Fd| U@ ¥skE /e
= gase] ges PAHe) Atk 2 9 re
@7e] B me} 2R thgel 8 FE 97, AT
zx9) tho] o] FeiFH oz AFA 4= Uk
o] AFoMe 20053 32 18Y FE 20064 29

: J—
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1 Air Pressure Correction j
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1 Polar Motion Correction j
I
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Fig. 7. Flow chart of data processing.

AP R7PYE o) gated AA31% 3, Hartmann-Wenzel
2 (Hartmann and Wenzel, 1994) ¥ Wahr-Dehant
=d(Dehant, 1987)%1 213+ o|&3 A7 X243} Z+F
YT gL o838t Ocean loading 59 3= A=
nA3l AL FaAck o5 A8 102 nms?
olAake)l Agrw A4S £ )= ETERNA33S ol &
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Fig. 8. (a) Comparison W-D model ampl. factor with real
ampl. factor and (b) phase lead at MunGyung site.

Table 3. Theoretical amplitude, real amplitude factor, phase lead at MG site.

from to theor. amplitude ampl. factor ampl. factor h.lead
Wave opd) [cpd] [nm/sg] Fmeor.) p(real) stdv. p[deg] stdv.
Q1 0.501370 0.911390 56.9449 1.15499 1.19340 0.00277 0.0157 0.0816
0ol 0911391 0.947991 297.4166 1.15478 1.18720 0.00056 -0.2224 0.0166
Mi 0.947992 0.981354 23.3787 1.15418 1.18458 0.00710 -0.6279 0.2093
P1 0.981855 0.998631 138.3647 1.14925 1.17599 0.00156 -0.5266 0.0459
S1 0.998632 1.001369 3.2703 1.14582 1.37618 0.09931 15.5943 3.1759
Kl 1.001370 1.004107 418.1132 1.13377 1.16288 0.00046 -0.5802 0.0137
J1 1.023623 1.057485 23.3870 1.15607 1.17352 0.00770 -0.9436 0.2299
001 1.057486 1.470243 12.7917 1.15873 1.16408 0.00839 -1.0364 0.2535
2N2 1.470244 1.880264 14.7904 1.15873 1.20378 0.00655 -0.7725 0.2578
N2 1.880265 1.914128 92.6063 1.15873 1.18124 0.00131 -0.1812 0.0527
M2 1.914129 1.950419 483.6694 1.15873 1.18262 0.00024 0.1937 0.0095
L2 1.950420 1.984282 13.6723 1.15873 1.18526 0.00512 0.5612 0.2058
S2 1.984283 2002736 225.0080 1.15873 1.18638 0.00049 -0.5763 0.0234
K2 2.002737 2.451943 61.1357 1.15873 1.18893 0.00135 -0.1693 0.0540
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gravimetricamplitude) factor &= Z1&FA F=(amplitude
factonNEA] ZAR]| Tl thal S3o] Hgravity anomaly)
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nE ((0,1)) X2 complex tidal heighto]x
AW) = (0, M) (@, A) e ZHAE HE Green's
functiono]t}. Fig. 90lA k)(R, 0) & theoretical tides,
X(A, o) % observed tides, E(B, [3)_)% observed re-
siduals, L(L,A)¥= ocean loading, A.(4, o) E EF
2 tides, }(X, £) = HAH JodFHoldo|r}. ocean
loading #€]<l [(L,A)& A4, o) A theoretical
tidal WEIAR(R, 0) & WA TRE(B, B) oA W

y 4

Fig. 9. Regation scheme of Earth tide ai)nd ocean loading
vectors. (R=R, O)=theoretical tides, A=A, o.=observed
t_ig)es, 1—3)=B, B=observed residlga)ls, L=L, A=ocean loading,
A=A occ=corrected tides, X=X, E=corrected residuals)
(Neumeyer, 2005).
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Fig. 10. Analyzed ocean tides with ocean tidal models
SCWS80, FES952, FES2002.
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.4 (Bsinf,—L;sin),)
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A71A i= 4] Exolth

42.1. T Sdrde] A&

ok 2 (ocean tides)S A7 ZFA(earth tides)ol
olo] ¥ 29 Al WE ol F W= E 9
T 7)X28 Zo] 9] geodynamicsoll gk 2§
ol HE=EA] BAF ook she o] thGoodkind,
1999). Fg. 101 #A1€ (B, p), & ¥Fd THaA
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(ohserved residual gravity)olA o|&% FHEAE Al
A8 gt zZ- mle] W Ocean loading &35 A|A
3 2353 (residual gravity, (X, 0y ¥lws] Fo=
# 2} ojd melo] BABS o] ZE-E]o] AllEofo}
2] Aelshed) 7o) B A8 AABKES dvt 7}
|Gl wiel A3et e del Aele] 7k Bzl
288 AeR=d % 98 AR|tKSun of al,
2002).

o] Aol &3t dF =& SCW80N(Schwidersk,
1980), FES952(Le provost et al, 1998), FES2002
(Lefvre et al., 2002) Edojt), o] RdlEL 717} &)
AT 1°%1° 05°%x0.5° 0.25°%0.25° s|d=g ZH3r
¢le ™ Earth Green's functions (Farrell, 1972)E
ko2 AZ7|(diurnal) AE<! Q1, 01, P1, K1#
Wil 7| (semi-diurnal 3 81 N2, M2, S2, K29 %
go) i3t FHS AN = A Z2ad =AU
(FES2002 2d& 62F F7t H7HE). SCW802
hydrodynamic £@el® FES952= ol Zf1A e &
Z A7t Y=o} ALEA.

Table 491 7+ 2@ Ocean loading®] ZZ3} 9%
< Jehfo] Fg 1000 REL =A% Table 59
4 6, 83 BAE JAFY BB, P) o UF W5
@3, 5, 79)2 WESS NERPOX z mdlol] wi}
TRl AREIATHY, 6, 82). o] MEES 74 £&

3%

Wz Hws] 2 o, AERENAE K1, K2E AT
BxzoA FES200229e AMHERS o BA9 &7t
71 2o] Uepdth. Fig. 118+ 12& 22 %3 9
gRyorle] BEY WIFHT 7} AFTYL ol
8l ocean loadingg HANS wie) Blw ZjZojrt.
gAY g fgRde nye] axpst vn|g
g wshEl2d 29l o] 7179 Mokaieh) FES

T—— Observed residvals  |—
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Fig. 11. Comparison of observed residual gravity with
residual gravity after ocean loading correction.

Table 4. Analyzed ocean tides with ocean tidal models SCW80, FES952, FES2002.

Wave Scw80 Fes95.2 Fes2002
(nm/s?] [deg] [nm/s7) [deg] [nm/s7] [deg]
Ql 2.5166 17.9212 1.1811 11.6752 2.1265 4.2241
01 10.4055 3.9553 10.6598 357.5242 10.1703 358.1139
P1 4.1608 343.4634 4.5538 338.2341 3.5916 347.7752
K2 12.6977 345.459 13.2946 336.6984 11.4077 345.4826
N2 3.7704 157458 2.3805 327.1293 1.4660 339.5941
M2 13.6202 18.4899 8.4506 349.5242 10.2335 9.23%4
S2 6.6534 1.5377 9.5321 324.0797 6.0505 345.9244
K2 2.3561 343.0732 1.2239 321.3294 1.2235 - 3242181
Table 5. Residual gravity after ocean loading correction and comparison with observed gravity.
Wave Observed SCW80 FES952 FES2002
residual gravity  [nm/s’] (%] [nm/s”] [%] [nm/s’] [%]
Ql 2.1893 0.7080 32.3308 1.0401 47.5092 0.0888 4.0580
(6] 9.6852 1.7999 18.5840 1.1098 11.4588 0.7877 8.1333
Pl 37782 0.5027 13.3043 1.0575 27.9891 0.1884 49863
K1 12.6115 0.2047 1.6230 19144 15.1801 1.2174 9.6527
N2 2.0854 1.8852 90.4003 1.2369 59.3127 0.8428 404122
M2 11.6141 3.4200 29.4470 4.2331 36.4476 1.5240 13.1224
S2 6.3659 1.6023 25.1704 4.4866 70.4786 0.3653 5.7384
K2 1.8467 0.7635 41.3433 1.1480 62.1654 1.0883 58.9301
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Fig. 12. Comparison of observed residual gravity phase
with residual gravity after ocean loading correction.

2002792 &3S W QL 01 25 A9sta BAY
o) &37} 7P 22 ER1E 4 slrt Wb FES2002
Frdo] & YA FE mRor ZHAZSL
ocean loadinge) W3 Bt H3e mddE & 4 3
th, 23 FES20029) S 4= 0.25°x0.25° B3k 2t &
240 7He 2AY ASEE didds o 71
ocean loading 29 WS A188l-& wje} Blasho]
20 nm/s? oM 10 nmyse] FH&el o BAE 5 &l
B30 v} Qick(Neumeyer, 2005). ohebx] o] vt
2 Sene 9k J3}S. Wol WS PARSRAR Fop
= iy ERSEAe] B JE3g 5 E S §
=317 95l @ 29A AFEE o8 ¥HAYgo] B
83 Zolth,

4.3. JiEH
F #A3} ocean loading THFo.2 F9
= a4oltkGoodkind, 1996). 71 4
7} %01‘# | 23 =) sjdshe FE e
a1l 23 A3 opfE o2 ke loadingl] SHF
e RE-S zEsld dAs oF ek, VI ¥
3k ptell 3k BAE #A5Y gt Rl 2ol
e

g.(t)=g(t)-o*p(t) (6)
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Fig. 13. (a) Groundwater depth variation of MunGyung

site (b) power spectrum of groundwater depth.
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Fig. 14. (a) Residual gravity after removal of polar
motion, ground water level(Kim ez al., 2006) (b) polar
motion at MunGyung site(IERS).

) 7] CQEZLO,] o] &9 ¥ QaA(Neumeyer et al.,
2004), 5-& Fuipel B ¥Ae) Padol wHy
A 9H(Crossley, 1995), ©] 7oA A¥ AT o
o #og 318 nm/s¥/hPad A&k
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4.4, X|5t9le) HER Y Hal

A9l |E 94 Y AR FFS 7).
A3k=9) 242 9J3led 2005 99 24U FE A s+
9] 24718 MAEA, A deol o3 B
e A3y EHolFel Astel AAEAT. Fig
13@=20054 99 269+E 20069 29 21% 7H9
A3 99 7Y BE5E HAFL, (b )9
3 eadERL TAF Rojrh, 2HAMAE H
oFmt ZAALOF st 247, 1247k SR
o)) 6A17F, 8AIZE, 12.407F F71ARe] YRt ©]
o THE s AATA} B opiz} olo] 27 FHol
g &go] gRIE xAlE oAt & Zlo|tt,

o] A E Rales] WEY TEORY S
17 n/s¥m ¢} ARB|AAILE o] &5t Fig 14()
r Aae 2R A, 3o & A S A
3 250 o] £ HEZAL polar motion®]
BA & Azgges vepd ZoltkKim e dl,
2006). Polar motion® 2E 4354 F719| Chandler
Wobblee BA &P 23 Btk A &E polar
motionel]l &8 ZFslE Tabr] HEide 6539
Z3Adolel 7t B asith(Loyer ef al., 1999). (b=
IERS ©lo|HE o]g3 E4¥=49] polar motions
A8 Zo)tkMcCarthy ef al., 2004).

5. =¥ E X5 24 ¢ S8

5.1. XjXXtEete| 8lR M

2AE ZEAE 7129 QA g8l AdH A
79| AZA 5L BN AT F sk o=
1mHz o)3te) MEFgdely LT AT o) 34
SN 7HRoEN WL 2AE + e Hold 4
2 AU, E3 g Alo|Fol 247Fs A
79) normal modesE E& YNOE FHZo] 7FsEE
o} u) g th(Widmer, 2003). Normal modes: ¥4 5t
W@ AAY STS-19] ZgHA F)
Z95E 7T YA 2-7mHz G e &
ZAF 6 2o A% o FEy SR el WA
thRichter et al., 1995).
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Fig. 15. Sumatra Earth(28 Mar. 2005) recorded in the SG
and Daejeon seismograph.

A7 A A7 Eete] 2Aw FEAY AZAL 7
He =AG Zolz by AR B F 15dA7e
o7 B BEE =N Rolth 2@ AE A
Aol 249 Sgel mgah vjsd ASEAE 293
A FAY & U

AA o)Bozel AR FAH e AFTudolx
9] RIS BRIV YsiME S FGolMY &
Ho) Basith o2 JalN A% ¥ A5l i
Aeo) BAgol WA Agsiojor & Zlojrh, o}F Ao
A= seismic normal modesE A AF] E &
28 FPsah sled AuiRel Rdgd g A77F
7¥sA dtHRosat ef al., 2003).

o] oM E AT ta] FAeoR sl
A g AATAS.

52. 9|MXlZ et U

GRACE(Gravity Recovery and Climate Exper-
men)ZHE A7k wet Halshs £ ade 35
o] 7¥-&H (Tapley and Reigber, 2001) ©1& ZHFshe
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(Neumeyer et al., 2006). 24%= F7A¢} GRACE
sde] 28 Aug Hy wwsk] ke 24 SEA
=2%, Ocean loading,
27 9 224 /¢, 22 Askeeldst Fo 23S

GRACEQR 8 A&8E #lad
7M1 olg3ly WMy ABE vtk @ 4
o7 2A® FEA ] A4 M= A, A+ £
A Qcean loading, 22 71¢%E3 59 24L& vt
Agolr}, 2A%E A 87t oF 80nm/st F=

sfof el 2 432 Fig. 163 At 2 e 2t e ¢ F Ak O @9 A=E
Fig. 172 ®AaZ2 2A= F84 A& B 2 EERAL 2EE AFS AA 23 Zlelth
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Fig. 16. Comparison of flow chart of SG and GRACE data processing.
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A&Hr9) BAL 20058 99 24 ©]F9] 28| W)
AT ARSI, AAISE 0510013, A8k B
A Ad 0424, B4 3 06182, BA F o &
AAAFE BYL 4§ AUk 945 A5 o
o AAAAL ke 22 Akl gig o
A EE ZALE o|Fojxio} dith, o] AT 4404 w7
v R sErge] wWalel] tigk FEwsie] Bl
G AP AAFE ARSI A 7 BEA
F99] Aepris Y, 3ol g 4% 5ol ¢
ZA g ojor & Ao|th(Neumeyer ¢t al., 2006)

6. EE
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o] Al ME 2005 3¢ A= FHAI 27
AXE olF oF 1d0] At ARANM D 2= FH
A Ax], @ AR A, @ AIAS HE, @
GRACES}] v #4jo] ALFHRY, 7IE 2AE F
A d7AEe| Agsty AT EAY AR A=
e gsignh gEel] 7k BA dAA A
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1%, A58 |E, Ocean loading 5ol whal)e] Al
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