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The gravity anomalies that observed by ground and shipborne survey and caculated from GRACE satellite are
combined by using spherical cap harmonic anadysis (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 ingtitute(KORDI) were used. L-2 level GRACE Gravity
Modd (GGMO02C) was also used for satdllite 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 aso gridded using the
same method with 0.05 degree to harmonize with the resolution of SCHA that has coefficient up to 80. General-
ized Minima 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 atitude 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
area. 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
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Fig. 1. Spherica cap of hdf-angle 8. Datamay be distributed
over surface r=a(surface deta) or between surface r=a and
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Fig. 2. (8 Free-air gravity anomaly that observed by ground and shipborne gravimeter, (b) Free-air gravity anomaly
caculated from GRACE GGMO02C model at 50 km dltitude, (c) Free-air gravity anomaly caculated from SCHA
coefficients at (c) 0 km, and (d) 50 km.



214 A - A%
she 212 o 2o PE Y 23R Al
2tal 3P, o|Z2HE FEolIe] WAe

G rount H I'I'O\.II'\

[ = T Pre @)
Gsatellite Hsratellite

I o] B8E F U, A7IA e= ollFdl sdgitt

(Schmitz and Cain, 1983) &4 ¥ FHEH7He A 754

O

W] 59 ARolnz Y HE thest e 4
= g8 & 9o

a.

n(m
H : r%[nk(m)—l]cos(r’rkj)i)Pnk,m(cosGi)[—j (P=Cy.m)

fi

n(m)
::—Lz[nk(m)—l]s'n(mi)Pnk,m(cosei)[%J (P=S\.m)

@

) A A AT

ha)

@), WHe=TE 54

b

A2E Sl shte] FRg zeASE ekl 5
[}
3. X% B

B ATo AEE §4 52 ARE BRAAL
AT SHg Gt AH FA FY
(Bouguer gravity anomaly)2 AFESIS o™ s
As2e TN FRART S5 FA a0
B Fgdlo] F2 o)A (Free-air gravity anomaly)S A

22

o
o

|
=
5
=
=

A

oL _]E

-

g3tk 29 WA FHolge AYuA 2
4 %, ol Felolo] Felolgoz wakle] shy 3

Holbat o] AR s}t Az HATHEFE. 2(). 139
4 AEZ2= GRACEZHE #=E Level2 X2 xEI
A 52l GGMO02C SHod(Tapley et al., 2005y
Argslel shbe Agolxe] Folde AN
(Fig. 2(b)). GRACE(Gravity Recovery And Climate
Experiment)y= % A7 S84} A7k e 55
el WstE "Abslr] 913 5502 uwls NASA
(National Aeronautics and Space Administration)2} =
< DLR(Deutsches Zentrum fiirLuft- undRaumfahrt)
o] ¥F ZRAER JidE AFHES e 20024
399 ¥AIEITE. GRACE:= #so] o= F ¢
Ao AxARERY A7 Ao Ais &4
ala, ste 7 AT A HsE d5ce F
o] F - Aubd AR S¥THDunn et al, 2003).
A|7HA Hsl= GRACE F
S 71AH, o] Aole

s A9l Apolg 7Pt o Aol upR
T 9747k Kbandd] vwlolaZ2us Farvk= A7k
2k THEH, o] wlolA 2 Tke] ¢ (phase)xlo| 24
F A Eth(Bettadpur, 2004).

Level-2 At5= Aol s 2= H5E
Level- 12538 f=¥ DIgE @99 A+ FHAES +
M %3}A|<=(spherical harmonic coefficient)EEl 2 ¥}
g 2Fo|t}h o] GRACE #A=#=20l 23] 24E A
T Aol uigt HsE o d(mean gravity anomaly)
& m 814 (spherical harmonic analysis)dle] A2k
3l 13k (fully normalizedys2 € (potential)Als=
24 sine’?} cosine?| AFERZ o|Foid JTHRapp
and Cruz, 1986).

rﬁt
L]

4. X12x2|

4 4 dPgolM SA-E SEAES dFydHdem
e F2H T ARE T flsted HA o
3 (wavenumber domain)ollx] F AEES B 4
3lAth. GGMO02C A8+ FHEIIFY AL 74
Hol Joug ox ymdXY FE S Alitsle
Zo] 7Fseht UF =& AEARE ARShe 7,

Wl 70 e R gETe] YEEe B A
Ak o] Az BHS e Ao 248 A=
o 2 498 & e AR
Qalth, 71 EA 0 AT AuE A

2.0
o ke 7L

TEE = Z;l

°l 3
donz 94 ¢ HPEPARS

(Amplitude)
05
25X T T T T T
Ground and shipbotne gravity data at Okm 4ltitude
GGM02C at 50Kk aitude
21 Ground and shipbone gravity data at 50kmaltitude | _|
1.5}
1t : ; : ] : .
0.5} &Iz : ] : ] I 1
0 T F ///1 DT Y v
0.05 0.1 015 02 025 03 035 04
(Wavenumber)

Fig. 3. Amplitude spectrum from ground and shipborne free-
air gravity anomaly a 0 km dtitude(gray-line), ground and
shipborne free-air gravity anomaly 50 km altitude(dot-line)
and GGM02C modd at 50 km dtitude(black-line).
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Table 1. Statistical Comparison of Input Data(Fig. 1(a) and (b)) and Output Data(Fig. 1(c) and (d)).

Data

Ground and shipborne gravity anomaly
SCHA model a Okm altitude

(Min, Max) Mean SD CcC
(-40.762, 138.307) 24.756 21.959 0.950
(-33.903, 117.028) 24.801 19.652

GGMO02C model at 50 km dtitude
SCHA modd at 50 km altitude

(659, 28.691)
(6.633, 28.667)

19.084 4.957 0.995
19.100 4.965
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Fig. 4. Free-air gravity anomaly calculated from SCHA coefficients at (a) 10 km, (b) 20 km, (c) 30 km, (d) 40 km, (€) 50 km, and
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3% - 73

V5

-

38°N

37°N

36°N

35°N

125°E

126°E

127°E

128°E 129°E 130°E 131°E

(®)

39°N

38°N

37°N

36°N

35°N

34°N

&

£
fo’

125°E

126°E

127°E

128°E 129°E 130°E 131°E

(d)

39°N

38°N

37°N

36°N

35°N

EYLN

125°E

126°E

127°E

128°E 129°E 130°E 131°E

®



N

)

A3} 2 Qo] Aelie] fixsks duyuo] 3ol
BB 127} Eold5E 97 Go] AolAn 1
o} gio] 7h2ste] d0km =ML Aujaue]
o5 Felole 7o) BREA o

2=9 FEloo) g3 GRACE UTAA 2R E
AR Felo] TS FHY 3t £48 Tl
THEAL A8 BHE daME 2FIEER] A
AN ZAE Asef AT AER] ARSI &
82 & e IxE FE Ao o w9~
HEY B48 Folo] NI y=dA S 2 s
oM S4E FHASE ARSIl 50km Lol
A AFE AMEsl] AR ZSREAS AA]st
Atk GMRES 94bgol] ofal] #H7] Z2shiale] Al
£ Alkket =, o] o] AFE 7 AEHZ 50km
°

the AeelMe] FEgE ST A= vl <F

AelH AR < = A

o

flje

s
N
N

o ¥
ui

-

.
i)

gL RiEs) goex 4% 1w ol T
A= FEIE A £ A HAch B 2
AellA] AFEE HS XHlAd o] WSS A1

ot

okl

N

L-J

S

K

1o

e

of

oot

o

2

L

]

+

hass
oo

HE

r—E’ ol

<

gl
>

r
o
[t
Q‘L
<
1o,
EN%_,
2
I

I

£ g
1
©
@
®

ol
Ui

2 29 g A
S 5 Qe AOR aAE £E o]F ol @

Azkpzd QR Q) A8 AL, o
TR ATEE FAL, Yot Ast YAk &

23k 5= g o7 A,

-

A A

o] ERL FRHoZ 20067 FH-@SAFAAR
o] AhoR F=kalgAde] AU wo
2179 (KRF-2006-C00077(100522)).

f
+
o?‘:'
i

SRS olgd He W

HR|He] FEloPd Fitoll Hst A 217

Alldredge, L.R. (1981) Rectangular harmonic analysis
applied to the geomagnetic field, J. Geophys. Res., v.
86, p. 3021-3026.

Bettadpur, S. (2004) Level-2 Gravity Field Product User
Handbook, GRACE Center for Space Research, Uni-
versity of Texas at Austin, p. 327-734.

Choi, K.S., Kim, J.H., and Yang, C.S. (1997) PNU9
Geoid, Korean Journal of Geophysical Research, v. 25,
p. 1-13.

Choi, K.-S., Won, J.-H, and Shin, Y.-h.(2006) Precise
Geoid model for Korea from gravity and GPS data,
Korean Journal of Geophysical Research, v. 9, n. 3, p.
181-188.

Dunn, C., Bertiger, W,, Bar-Server, Y., Desai, S., Haines,
B., Kuang, D., Franklin, G., Harris, 1., Kruizinga, G.,
Mehan, T, Nandi, S., Nguyen, D., Rogstad, T., Tho-
mas, J.B., Tien, ]J., Romans, L., Watkins, W,, Wu, S.C.,
Bettadpur, S., and Kim, J. (2003) Instrument of
GRACE: GPS augments gravity measurements, GPS
World, v. 14, p. 16-28.

Haines, G.V. (1985) Spherical cap harmonic analysis, J.
Geophys. Res., v. 90, p. 2583- 2591.

Haines, G.V. (1988) Computer program for spherical cap
harmonic analysis of potential and general field, Com-
puter & Geoscience, v. 14, n. 4, p. 413-447.

Heiskanen W. A. and Moritz H. (1967) Physical geodesy,
W. H. Freeman and company.

Jiancheng L., Dingbo C., and Jinsheng N. (1995) Spher-
ical cap harmonic expansion for local gravity field rep-
resentation, Manuscr Geod 20, p. 265-277.

Malin, S.R.C., Duagit, Z., and Baydemir, N. (1996) Rect-
angular harmonic analysis revisited, J. Geophys. Res.,
v. 101, p. 28205-28209.

Park, C.H., Kim, J.W, Huh, S., Won, ].S., Suk, B.C., and
Yoo, H.S. (1999) High Resolution Gravity Mapping
and its interpretation from both shipborne and sat-
ellite gravity data in the Ulleung Basin, Journal of
Korean geophysical society, v. 2, p. 27-38.

Rapp R. H. and Cruz, J. Y. (1986) Spherical harmonic
expansions of the Earth's gravitational potential to
degree 360 using 30' mean anomalies, Report No.
376, Dept. of geodetic science and surveying, The
Ohio state Univ., Columbus.

De Santis, A., and Torta, J.M. (1997) Spherical cap har-
monic analysis: a comment on its proper use for local
gravity field representation, J. of Geodesy, v. 71, p.
526-532.

Schmitz, D.R., and Cain, J.C. (1983), Geomagnetic spher-
ical harmonic analyses: 1. Techniques, J. Geophys.
Res., v. 88, p.1222-1228.

Tapley, B., Ries, J., Bettadpur, S., Chambers, D., Cheng,
M., Condi, E, Gunter, Z., Kang, B., Nagel, P, Pastor,
R., Pekker, T., Poole, S., and Wang, E (2005) GGMO02-
An improved Earth gravity field model from GRACE,
Journal of Geodesy, DOI:10.1007/s00190-005-0480-z.

You, S.-H., Hwang, ].S., Park, J.W,, Min, K.D., and Park,
C.-H. (2001) Integration of Shipborne and Satellite
Gravity Data in the East Sea (Japan Sea), Proceedings
of international symposium on Remote Sensing, p.
22-25.

20079 10€ 23 A3FH=F, 20089 3€ 202 AAS.



