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The Study on Integration of Gravities Anomaly in South Korea
and Its Vicinities by Using Spherical Cap Harmonic Analysis
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The gravity anomalies that observed by ground and shipborne survey and calculated from GRACE satellite are
combined by using spherical cap harmonic analysis (SCHA). In this study, ground gravity data from Korea Insti-
tute of Geoscience and Mineral Resource(KIGAM) and shipborne gravity data from National Ocean Research Insti-
tute(NORI) and Korea Ocean Research and Development institute(KORDI) were used. L-2 level GRACE Gravity
Model (GGMO02C) was also used for satellite gravity anomaly. The ground and shipborne surveyed data were com-
bined and gridded using Krigging method with 0.05 degree interval and GRACE data were also gridded using the
same method with 0.05 degree to harmonize with the resolution of SCHA that has coefficient up to 80. General-
ized Minimal Residual(GMRES) inversion method was implemented for calculating the coefficients of SCHA using
the gridded ground and satellite gravity anomalies that had 0 km and 50 km altitude, respectively. The results of
inversion method showed good correlation of 0.950 and 0.995 with original ground and satellite data. The gravity
anomaly using SCHA satisfies Laplace’s equation, therefore, using these SCHA coefficients, gravity anomaly can be
calculated at any altitude. In this study, gravity anomaly was calculated from 10 km to 60 km altitude and each alti-
tude, very stable results were shown. The ground and shipborne gravity data that have higher resolution and satel-
lite data in long wavelength are harmonized well with SCHA coefficients and successfully applied in South Korea
arca. If more continuous survey and muti-altitude surveyed data like airborne data available, more precise gravity
anomaly can be acquired using SCHA method.

Key words : South Korea, GRACE, Spherical cap harmonic analysis, Gravity, Data integration

4 2 sdolM 299 $¥AE GRACE UF9ACcERE Akel ZHAES 787 Z3H4 (Spherical Cap
Harmonic Analysis; SCHA)S: ©]&3ld Egstdtt. FEAEs AAAAYATYNAN AR SAFHH =33
FATAF FHAGRAMEANA 2HE SRBE o] 83192, GRACE 9594 A5ee Fazsry ALy
B2 FHoSlE L2 level AEE o143l FEoldghe ANSIA 0.05% 4o AR @ FHARY Y=}
TAN ZEAFY] AES AAAT)7] Y3k Z3AGTE order 807FR] A3 Generalized Minimal Residual
(GMRES) A2bhi-g olgate] THA ZaAlFE AT o] AS$ERE o FYo|de 73 A7 $4 2
3 FAR} 0950, 2212 GRACE T4 =129} 09959 ol =2 AAAAE HojFo] & @dTe] ubdo) nfe 2
HE HASS & AATh 7Y iAo HRgog Y xEe 54 fEets AL vEFgoey, &
e 2= olgel fE IxdME FTHRE ANT £ glon, £ AT7AME 10kmelA 60 kmIT =7 FFHol e
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7189 FYAE o83 §4 E Y T EX
A FE7G AFHA g FAol sheaEl AHA
o8 7R ZEAAM Y AES Tl AR
A A4 F Qe AEEFE Uy deddel o
FHAE. Sgolut el Y SHE 59 o
2 w¢ =& HAEE TV Aol 7
Z27ke] A7 ze], a3 s 73 vhmel ¢
3 FF Fo= st HE ARE 9] ofHH
(Park et al, 1999). AFHIoZRE TR R
AfollE 19 o] AR 7K &R 439
I= A Fol & BAH] Jong o3 A
7] AL 7K glou ozl A EAM 500-600km
oz ooz 27| JAE JRE Arldd= o
£o] i}, o3 T x=me] AHNE FHeld TFst
= o Z You ¢ al (200D B3 £2olAY)
o (wavenumber domam)o|A e1E$A el =9} &
A 2 g A5y 5L A7E bt glot o] JF
dMe 89 71E4 o|&e FEes WA
(Laplace equation)ol thdt w8 glo]l 334 IAE
7R3 At Choi et al(1997, 2006y AATH
2ds} GPSE oj83le Itwe] X eo|=g At
2 2o B 7S FPFR o] AFENE
5 A9 F3) e A3 o]FA XA Raih
AN TH mde A¢, BE FY AEE o83 ¢
T EGM96 modele] ot o] A Fzhsjdert &
e o] F23b7|dle ofgel Jth

AGZel ARE vpEo 2 Eekx WA E U
A7t Wy 2o shve A+ BHE ¥HeE 7P
331 AAakshe A ZbR3HEA (Rectangular Harmonic
Analysis; RHAY}F glov} xgo] mjl$ e X]oo]
ol ATAY upgo R Z4E QAL FUiEke ©
o] qithAlldrede, 1981; Marlin et al., 1996).

FHA 23EALe 22 Haines(1985, 1988)° ¢
3 24 olg ALtk WHOE AAHULH o]
e 71Ee FHEIE7T AFH] AR o

& gl vl YA AFeks /IR 2BEe
WAAE UEAPFIER oy 3% (EE Y
o %Y 4 L ¥ 9y AtE AFE /KR o
£ IxoMY S A 2 5 de Pl A
t}. 2o Ag AAtsle WO 2= Jancheng ef
al. (199501 &3] A& FFAFd HLHALH o]F
Santis et al.(1997)°l &5 WA =Y}

B A7o)A= Santis ef al (19970 23 gxEE
S v SAgot oA HY E8E FY ol
A3t QAN TRl YRS oHeE 7
A ZHEEE A 9 DA AHE EF
g e FEY ZHEAS o83l gHix R
9] Zol ABE EFIY.

[¥ o

2. 0| =

A7y Z3EAel o3 THEe tat ol B
.

T(r,8,9) @

=iz(‘%‘}mw)[cm,mcos(mq))+sm,msin(m¢)]1>nbm(cose)

k=1m=0

71 7, 6, ¢ A2 AFFA LR A, F FHEA
(cap reference systemolx2] 9=, ZAxolB(Fig. 1),
pe S A7) A o] Fo et g2 A
TF9] HEx|EolH, n, me FHZIEE] degreesdt
orders, k& FAIZAL 13 449 orderd] A
ol8, Cox m Sk, > THH Z3EA AT, Py m
(cos Y2 ¥ =A== (associated Legendre functions)
$H4=olth(Santis ef al., 1997). 7R Z3RAL H&
3l7] fEiMe 4 7189 9= HBAE Fg 1%
7o o] ke = HFAZ HEAZ F, o] Y
9] F7lel wet A2 Jehhs degreest A4e] ¥
Bl orderZ AlAtsle] ojol] wkE Azt 5 €
o}, AEQ) pEzsIgRe] Afols A HAld A
2322 degrees} order’t A9 FHIE Jeh
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Fig. 1. Spherical cap of half-angle 8;. Data may be distributed
over surface r=a(surface data) or between surface r=a and

r=b(satellite data)(Haines, 1998).
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Fig. 2. (a) Free-air gravity anomaly that observed by ground and shipborne gravimeter, (b) Free-air gravity anomaly
calculated from GRACE GGMO02C model at 50 km altitude, (c) Free-air gravity anomaly calculated from SCHA

coefficients at (¢) O km, and (d) 50 km.
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Fig. 3. Amplitude spectrum from ground and shipborne free-
air gravity anomaly at O kin altitude(gray-line), ground and

shipborne free-air gravity anomaly 50 km altitude(dot-line)
and GGMO2C model at 50 km altitude(black-line).
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Fast Fourier TransformFFT)E ©]&3t AF A%
LHE A83 ATNY A5 H|d MFuh 2
£ 7HRe 258 79 Fig 32 AESL g 9
Fog WS ¥, 2 v dfdk 37)(amplitude)S
T3 RAog HeA A48 GRACE giHeaRE £
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Aoz BAE Aol §4 2 adolld 388 o)
AL v gl a4 E] (Upward continuation
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Zt groll ] ME H%E 7|5 Bole Re & F
em, o] agg o3l 83 2 N ZHR
ZHYARY IEE 0kmZ JFHAHAN 248 £9
AgE 50 kmolx o] AEE ol&3le] AQ), WS %
3 GAE AAEgTh B AFolA AE AREL
0.05% Ao ey Hol gleng ol km2 ¥
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A7 L #Hd Zolg Ze el g
A =Z7), RE ATTAE, 283 ke TR Z3}
A9 Ag(orden)E YUERATE 2 7oA e
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7R 23R HAeE oF 55kmyt Ho 9 AE
o] szt Aol Xk AL & F Uk AFE
Tet7] ek dikinversion)ol AME-HYOT GAike)
o2 g4 3l Generalized Minimal
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5.4 1

Table 1 Zpzhe] Ap5o} A ZEA L o435}
of 2dg 2pael ¥ A8 FHoi(Max), 4 (Min),
B Mean), BERAHED) 222 7t AAFZH A
F(COE vehd Reolth. &4 2 s T8 A

H2, Iz 22t 40.762, 138.307 mGalE viE}
o AF9d 259 A9 247 6595, 28691 mGale]

S 7RItk o] £ AEE 23 @E olf, kg
B3l TEA =3 EA 9 AFE Al o|2RH t
Al AFH} 50 km A= Q] FHodRkg Akt 4
I Ha FHO2 AZTAANA -z 33903,
117.028 mGal2 YeRPH 50km oM 22t 6595,
28691 mGal®] & 7HIThFg. 20, (@). € A&}
TR ZslRMe] AlFERE AL FEoge 4R
A AFEHAA 0950, 50km LENA 09952 2
A7 At AA S8 FERE vl 2 ukgEia
dor AFa Jio] T AFHA AFe} mFa 4
o] W2 AN 4E 844 2 sAE B &
TEA|Y 5 ARE e 2dS 7R Ve ¢
Athe 2g BT vk AFH L=olA 9] 2
o] 50km A=A 9 FdRPET E AT AL A
BNz Ao G52 Ho| wol FHoPdzte W
s} Z27] wielm ES 2 dpelx] AMgE Eg
RN ST o] IFTE VK] AR 9%
o 710t} FHA 23RS AMEl Al Al
o A, BEYS YRAE DESIEE 15 IE
7t ofd T2 IRNE FEAL AR £ Qe
o 2 dApoME 10kmold 60 km7HA] F8E& Ak
AchFig 4). 71EF o2 7wy} wolASE o] 3
ofA AFat o] SAEA e dite A4
I%(0, 50km)o)A] B olUE) e ITME <
AE Axe JeEMIT. A3Ag W) ke 8- |
Wb} Ak 5 et B A HA o)t
Holn, FalIgHe AU HAF AHoPduls Heloh
&, AAF oz FHode ATXYY P EAE
2 Ngsla YET o)A B AN AR 58
AR} Felde] FFo2 Xeol=d Yo EAsle
9=E A Z307] W&ot 10km T=A F
Pol& -11.571914 63.376 mGale] & /1AM 2
=7t SRS o] §438) Zadted 60 km ol
A 19.783°14 253072 mGal®} #+E 7HAth. 10km
AEME Aok euiat o] Yx|she Bk x|

£ b

Table 1. Statistical Comparison of Input Data(Fig. 1(a) and (b)) and Output Data(Fig. 1(c) and (d)).

Data (Min, Max) Mean SD CC
Ground and shipborne gravity anomaly (-40.762, 138.307) 24.756 21.959 0.950
SCHA model at Okm altitude (-33.903, 117.028) 24.801 19.652
GGMO02C model at 50 km altitude (6.595, 28.691) 19.084 4957 0.995

SCHA model at 50 km altitude (6.633, 28.667) 19.100 4.965
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