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Sea surface height, geoidal undulation, and gravity anomaly derived from satellite altimeter measu-
rements are described. Assuming mean sea surface height (MSSH) as geoidal undulation, MSSH
was converted to gravity anomaly. The result shows that the gravity anomaly derived from satellite
altimeter data can be mapped to an accuracy of the surface ship gravity measurements. The data
used for the conversion is the two-year mean sea surface height obtained from GEOSAT Exact
Repeat Mission. The conversion was carried out using fast Fourier transform with plane approxima-
tion. In this process, the so called remove-restore method was employed.
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Fig. 1. Sea surface height derived from satellite altimeter
measurement. Sea surface height (SSH) is defined
as the height from the ellisoidal surface to the
sea surface. H, is orbit height from the Earth
ellipsoid to the satellite, and H, height from sea
surface to the satellite.
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Fig. 2. Geometrical representation of the geoid (N), plumb
line (n). and the vertical (n). Geoid height is
defined as the height from the Earth ellisoid to
the geoid.

Aeolzrt (AFR LS BUsA, & A7
Ne, BFsuinss 2 eolse} FUASE =2
712 Jhot

X|eo0i=2 =0l

A7ergA el FAFFHEHEE U, AAATY
zdgdre Wl 312 Fig 20149} o] A
wA A U=U, ALeol=dAdel W=Wyzt Ly
749, Ngol=e Aol 28] W=Upolth Aol
=wate] PAANE W9 Ue thad. o] ¥Rt
x}o]2 disturbing potentialo]2} 32

Tr=Wp—Up 2)

2 mA@T 4% PQ=Nt Agels geldd
2gel, PHE Faa AQol=Hel Mg A
o Wge n, BEADY QUL Fie FAAH
e n'oleh 3,

U
Tp:Wp_‘ UQ— N’Q—‘?‘ 3)
\ on

o oA APt ad, W,=Ug=Uool2
— oUo/an’ =71oOl B2, e} Ao 2R E AQo|=9

7] N3} disturbing potential Tpe] #A7} oh&7}
o] P X tKBruns' formula).

N=Tr/ve )

A71A yor A FFEFYoIt B, PAAIA
o) 8o gWy/gn=— o™, Agr=gr—Yo%t 33,



386 FHT - H

aTr " T  av0
Jan Yo on

of #AE ATk Hoo o8 Age FHoly
(gravity anomaly)-& JebAT) $HH, YoM nd
n'g& FHEA ¥ Atk HAZ, nd n'9 Ho), F,
A AR F2HHA Y] Alole F3] Fong
ol FUANIAE EAF IR gkerh

Eq ®9 vt gyo/ons olEHoz AMHE
oltt. i}k, Eq. (5)= PA, &, A eol=HoMe]
FEoldo 2Ry uXF TpE 78k 2egM &
g & 8te] 7|89 2 o]tMolodensky et al, 19
62). &4, Eq. (5)E ¥ wde, ¥HEoE, AL
ol= o] R XM= Tprt Z3 ol Hol|A La-
place A2 VIT=0& WEAIZitkE A AA=
3132tk Tp7t 72T Eq. (4)ol] 23] K Qo=
715 No] Z3 8.

ATEHAAE T2 2448 Ao, y=GM/2
°o]il, g/gn=g/ore]EE Eq. (B)=

Agp=— )

ST 2L Ag=0 ®
or R
2 g} o714 Re A 79| HautHo|ch Eq. (6)9]
Tell &% = FHold Agy THEELE Fof
A o(Stokes’ integral), Eq. (4) ol 2l&] A Qolc 9]
718 No| t& Aoz g@gc)
T R
N=—=—— || Ag S(y)d )
Y 4ﬂ-Y jfu g vido
o714, dov FHAYS WHRA ye AMHo=
2H do7tA 2 ZtAg o8, S(y)s= Stokes FFEA
o33 PZtHHeiskanen and Moritz, 1967).

Sy)=1+ cosec% - Gsinj\g — 5cosy
—3cosy log(sin-‘g- + sinzg) 8

Plane Approximation

Stokes HE& FRAAFOA FolxH, ojFFHoz
= AA|F dX s oo} gt 2y FEHA

FAR7 A9Aer HWEH Um 4w Hoj
AAME W& zpol7} itk o] whFo] AR AL
FPE Wl I@sted FY3he zlo] BBk
9 km ool MEH F& XL yez w)
AR Lol= F= e ol=9] JHAQ B FH
& F3A4 b Eq. )8 st Sy)=2/y=2
R/sql 2AMo2RH, Eq. (D9 FHHEES i
HFA A d-go HaZAades FEY 4 ok

1 Ag(x,
N(x,, Yp):_'—"’-j __dg(x ) xdy 9
2ny s

o714 s=Ry=[(x—x)+{y—ylI22Ax AHAiH
(%, VILZREH BEF Aglx, WA AE U
ebdct Convolutiong ©|83R Eq. (9=

1
N, y)=—Aglx, y)*I(x, y) (10)
2my

2 FEHED. o7 I(x, y)=s"lo|t}. ¥, convolu-
tion®} Fourier H#2] 84 23t Eq. (10)&
thee] Aoz gHIFE L

1
F[N]= —‘En—yk—F[Ag] m
7|4 F+ Fourier transform & ‘el k=
1/FlGx, v12A, 933 2ol
k=[{n/L.y*+ (m/L,*}"* (12)

4 o mol thgshe 229 HRolAe) B}
g Uehdth Eq QDA 3k, Hog, 290l
1% Ne2®e F¥ol4e P8udt ¥ 7
£ Oe 4 ogshad €ok

Ag=2myF'[kF(N)] (13)

o it 4 @

2 1o

AA AL ME, Lel= Fo] N9 Fourier
#ge Fast Fourier Tranform(FFT)o| <lsie &
3oz 38 4 otk thg, N9 Fourier A4t}
FNF9r kB 3 ZAAE 9 FFT 24 sl
AMEEE FHo2M FYHol4e T8 + Sk
Eq. (13) oM B ule) o] Fo| 4w 2| Q0]
= FHHoRs T8 dokn Moy Ug
2ol AHe] Xol7t bt &, Folde A4



GEOSAT siHanxs} s FHol4 387

15
1
.‘A'.
S 10 1 (a);
2 :
- : /(b)
<
Z s
z {c)
0

—150 —100 =50 ©0 50 100 150
DISTANCE (KM)

Fig. 3. Gravity anomaly and geoidal undulation. (a) and
(b) denote the gravity anomaly (mgal) converted
from the assumed geoidal undulations of one-
and two-dimensional Gaussian functions, respec-
tively. (c) is the geoidal undulation plotted along
the x-axis (y=0). The vertical scale of the undu-
Jation is smaller by 1/10 times (unit in 0.1 m).
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Fig. 4. GEOSAT ground track superimposed by bottom
topography. Contour interval of the topography
is 1000 m. Among the tracks, A-8 and A-10 are
selected for further discussion.
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Fig. 5. Geoid height from OSU-91A geopotential model
(solid line) and mean sea surface height (sym-
bols) from the two-year GEOSAT measurements.
The ordinates denote along track latitude of
GEOSAT ground track.
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Free air anomaly (mgal)
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Fig. 6. Free air gravity anomaly from OSU-91A geopo-
tential model along the GEOSAT ground track.
The ordinates denote along track latitude of
GEOSAT.
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Fig. 7. Residual sea surface height referred to OSU-91A

geoid height The ordinates denote along track
latitude of GEOSAT.
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Residual anomaly (mgal)
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Fig. 8. Free air anomaly converted from the residual sea
surface height shown in Fig. 7. The ordinates
denote along track latitude of GEOSAT.
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Fig. 9. Bottom topography along the Geosat ground

track of A-8 and A-10, respectively. A denotes
the Okinawa Trough, B and B’ the Ryukyu Tre-
nch, C the Oki-Daito Ridge. and D the Daito
Ridge, respectively.
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Fig. 10. Free air anomaly along the GEOSAT ground

track A-8 and A-10, respectively. Symbols are
the computed anomaly from the two-year mean
sea surface height. Solid lines are the correspon-
ding anomaly of ORI-89 data set.
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