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Abstract: Objectives: Shipborne gravity anomaly data plays a crucial role in the construction of marine gravity

field models. Although the existing shipborne gravity anomaly data have undergone conventional gravity
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measurement corrections and dynamic environmental effect corrections at the time of acquisition, the data span a
long time period, involve multiple measurement agencies, gravity instruments, and reference frames, and thus exhibit
a multi-source characteristic. Furthermore, due to the limitations of measurement and data processing techniques at
the time of acquisition, the quality of the data varies and contains significant errors, making direct application
difficult. Methods: In this study, a joint reprocessing method for multi-source shipborne gravity anomaly data is
proposed, which refines the ship tracks through outlier elimination, long-wavelength error correction, intersection
point adjustment, and systematic error compensation. First, rough tracks and remaining rough points were eliminated
by comparing them with the reference gravity field; second, a quadratic polynomial model derived from the normal
gravity formula was used to correct the long-wavelength error of the survey lines; finally, the error estimation and
systematic error compensation of the observed values were performed through intersection point condition
adjustment and the construction of a mixed polynomial model. Results: Taking the Gulf of Mexico as an example,
shipborne gravity anomaly data in this region were obtained from the National Centers for Environmental
Information (NCEI). After a series of joint processing methods, the root mean square (RMS) of crossover differences
is reduced from 12.1mGal to 3.7mGal, and the residual RMS of gravity anomaly model SIO V32.1 is reduced from
6.62mGal before refinement to 3.91mGal. The difference between the two sets of ship tracks and the model was
analyzed in the frequency domain, and the power spectral density of the error was significantly reduced in all
frequency domains. Conclusions: As this study combined shipborne gravity data from different periods for joint
processing, the final processing results have a certain gap compared to the precision of modern high-precision
shipborne gravity measurements. However, overall, the accuracy of shipborne data has been significantly improved,
which greatly enhances the utilization rate of shipborne data. This method can be used to further optimize global
shipborne gravity anomaly data, providing a reliable dataset for constructing high-precision ocean gravity field

models.
Key words: Shipborne gravimetry; Gravity anomaly; Gulf of Mexico; Data reprocessing; Long-wave error

correction; Crossover adjustment; Power spectrum density

) 5 AR BRI 2 RO 2 2 o A A S A UL i B A
FEMFPER R P M R AT 78 55 H 5 AG)  F 0151 M Bl w1 it R A A A
75 0] 52 B S L B T G o AR IR R R L W Sy R RENE 73
BRI AR A BB, Rk, AR T HAR I =T B, MR EE—E
TSR RS A PRI ) S R I EEROR T B

H AT SR A (A ) S B 2, — 2 e AR AR DART (TR 2 B
AT S MEEAR MRS, B AR R RGRE . MERE SRR,
£ 1923 4F Vening-Meinesz M R ACGHATHEAE DI K280, REBLA RO EE ) 5+
TR AR S — R B Al 90 SRR ATETINA I, IMTEIX A B, TEiR R E S
ERGIE L TUE (L AR FE I R MU 1 % UL FE R AR R AL T — A B AR K Pl BB
RIOBRED, I EMEPEBIS BN, #a RN B RAAER RN ES RGRE. [
I 3K L4 T B LA BT ) S 04X 5 S B ER AR AR ), S B8R iR 2 ZE A5
ARHEE S PR LR R o A 7 AR DA e B, AT A 5t IR 1 2 SRR AR 8 ) S s



BEAT PR YO AL BE, {850 2 (R A =B ) S 8080 T LA R5ORI

— SR, R AR EE ) S I SRR I PR 3R 3 A B R R ALk
J MRSV EOERA L 158 2 T A S AMe R AR UL, S F A 1 2 R IR AR E T R
BT SRR, 2B A I R R, (ORI R 2 AR 2 o AN T S N B R
S T SR 2 b, BRSSO A B R R RUTT R 1 55 3454 . LaCoste
M Etvos 70 Bl T 38 XA 2R (Cross-Coupling, CC) MriE 2 30 A T4 #3r 2i F A Rk
A8 SR A 28N TR 3 3 A0S AT BSCED32020, AT S ES T SA RN MR . H RTE K,
TEHE— 5% 3 S AR ) S RO A B AR A, 3 A R T B S A P AR g
AT AL LS AMEB ARSI

PR B ) 0 T A B AR R AR BB . R GuR 2 RIS A M, Aok I A A
ZAUHEAT T ORI TT . LA N T8 B Bl i 2 A PRI A 2 ) e Fr R 22
IEH R 22 JE IO AR /1800 5 DTUTOGRA BT HLAE, W8 2 Il 2 (i i KA
MBS 5 25y HIA ] 36.79mGal. 36.53mGal. 6.23mGall??l, Van Hees $2H T B /M=
el B 15T A X F2215); Prince 254 BN Z I 43 Ft TN ELZk B, Rl k38 X
RAFZEITE E SN KRB R G ZSUER, RASHRIXIEN 204 MR E TS
MRHELAH 11.4mGal /> 7.8mGal'®); BEEPESE N NI HR Y7 f B R, AESR 2R M) |
KR 2207 R AR 2 b, SRR T ¥R EE IR B A T 22 W AP Ab BV, SR T AT 22
HRISP 22 JE % FR TR 25 43 A5 M, B 44 SIEB0 [X 3N 462 ANAE XA ASFFE S 7 AR R 1.65mGal
WA 0.61mGall? 24, DL F I ik R B R e AT 2 B B ST P SRAF IR AT 7
FIRAT A6 BRI [R]B5 FEE  AS AR BE T2 A Ab 38 s [R] IR E AT 2 A2 577 T e 0] 2 4 22 531 B
Bl R G0 R 2 R S5 5 TR 7C, R BCA TR — Pl XK I TR 2 L ANIR]REHE N 2 U5 E 7
B R IC B AL B TV

SR G P R bl SO AR SR X 2, SRIGZ X ek FE 1 ) R
HA AR R R S, R b A S0 B 38 VG B I Sl 22 VR A TR ) 9 7 S O kAT T Ak
o W O LMK 22 AT S B, B A SR T S B 5 0 o R 22 B s OO IE B A
AR ME X2 T EOE A SIS B G — 5 KR 2 50E: BUR N T ORI 4%
FEFT SR8 SRS I, A8 26 AP 22 SR & 2 WU R A 45 A 10 5 VR X RG22 —
SEUE.

5



1 BWESHFE

AR SC 36 BB T EFS OB TE X 4K (80°W~100°W, 15°N~32°N), iZIX 5k A 2k KA
TN R AR, HERF IR A5 55 PG RV U4 1 2 g S o 0 F e 88 78 RS T 2R 5 9 7 20 A LA S il <UD
R 5| (13t 5 A8 A PR F 7 LA i (Y,

1.1 fFREE

1.1.1 EBRENFEEHE
TifF 58 DX 3k PN RO R 2 2 0 S B e e 32 B B RO KRS B/ (National Oceanic and

Atmospheric Administration, NOAA) [T @ HL#4) 3& [H [E X #5545 0 (National Centers for
Environmental Information , NCEI ) fr F # M C & # # 4k

http://www.ncei.noaa.gov/maps/geophysics ), [X 35 N SR T 1961 FE~1995 S 34 Z 14k,
A 264188 M AL, XEEHLAFERES LAY, HAERXIBMNHERZZ . ERAMNAL A
oA, TR I SRR B AN R B I S LA i SR, AR LS B LR 1, R i) =S [ 2 A

RO 1.

R 1 SRV ENEEE R E LS R
Tab.1 Routes Information of Shipborne Gravity Anomaly in the Gulf of Mexico
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Woods Hole Oceanographic ch055101 USA Chain 1965
Institution ch100112 USA Chain 1971
Lamont-Doherty Earth ew9417 USA Maurice Ewing BellAerospace BGM-3 1994
Observatory ew9501 USA Maurice Ewing BellAerospace BGM-3 1995
kea01-69 USA Keathley 1968
kea06-70 USA Keathley 1970
kea08-70 USA Keathley 1970
kea09-68 USA Keathley 1968
US Navy Naval
kea09-69 USA Keathley 1969
Oceanographic Office
kea09-70 USA Keathley 1970
keal0-68 USA Keathley 1968
keal0-70 USA Keathley 1970
keall-68 USA Keathley 1968
Univ. of Hawaii, HIG/Univ.
mw8909 USA Moana Wave LaCoste & Romberg S-33 1989
Texas Austin
p183gm USA J. W. Powel 1983
USGS Branch of Pacific
ul71gm USA United Geo | 1971
Marine Geology
u871pr USA United Geo | 1971
rc0901 USA Robert D. Conrad ASKANIA GSS2-6 1964
Lamont-Doherty Geological
rc0902 USA Robert D. Conrad ASKANIA GSS2-6 1964

Observatory
rc1003 USA Robert D. Conrad ASKANIA GSS2-6 1965



rc1012 USA Robert D. Conrad ASKANIA GSS2-6 1966

rc1201 USA Robert D. Conrad ASKANIA GSS2-6 1968
rc2302 USA Robert D. Conrad ASKANIA GSS2-6 1982
v1704 USA Vema Graft-Askania GSS2-12 1961
v1817 USA Vema Graft-Askania GSS2-12 1962
v2103 USA Vema Graft-Askania GSS2-12 1965
v2401 USA Vema Graft-Askania GSS2-12 1967
v2402 USA Vema Graft-Askania GSS2-12 1967
v2413 USA Vema Graft-Askania GSS2-12 1967
v2501 USA Vema Graft-Askania GSS2-12 1968
v2608 USA Vema Graft-Askania GSS2-12 1969
yucat1-3 USA Altair LaCoste & Romberg S42 1985
Oregon State Univ.,
yucat-14 USA Altair LaCoste & Romberg S42 1985
CONMAR Study Group
yucat-tr USA Altair LaCoste & Romberg S42 1985
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Fig.1 Routes Distribution of Shipborne Gravity Anomaly in the Gulf of Mexico
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ML X A BRI M B g BASHA
1 AR S EI RS L E AR m=0 0

2~3 MR R R ZE B 2k B 7 m=0 2

4~5 DA, LIRS AR RS m=1 4

6~8 M X MRS U I R m=2 6



8 ANBA 58 Y Lk R = 2 B A m=3 8
1242 RERBSHRE

XTI 2R, B A8 S P22 JE A8 SR EUE B v AE i &, RIS (12) 1
R ERE AT SRR o AE— SR NBRE— 38 SCRAE AT 3 57 DAAE SR e E# v Al
fERRZ TR

v="f(t)+5 (14)
X, 0 RESRIRZE, AT A AU Bk R sk oy R4, (50 mT 45 21 FU O R TR X

V =BX +U (15)
V2 28 XA 2245 30 1 A8 SR e A BT R R P i I A 1m) & (R AE R Ab B
DI SOEE M ED: B ATk A8 RO I 21155 fi 22 362 4 B 22 (0 B[] 2 460 1 ) 2 60 FR 3
e XOARRRZEEASH R, U AV KSaEh &,

M= (15D W/ Z Il Z N
X =(B"B)'BV (16)

Bl (16) KRB SHGE AN (12) WAL 12800 AL R 8] o] DA 56
R G2 UL
Z UM ) W BRIR AR AL BT S AR Se B AR L 2.



&

v 2 H
ik B ) 2 S ST0 V32. 18 /7 P~
R ) 5 A Bk Wi

l ] 2%

v 5

BLSIO V32, 192 HRHRL 2R 0 il

25 LA J IR A AR 22 A AT 50 7%=
Wy
]
ToH 2 AR ) 5 i
B 23
T 35 277 2 S S0 K T jiS
SE B % 2 AL R K [ o
Wik AT BE "
L b
e B
ALK AR =L T
iR 034
________________ .'__________________
7 2

BRI AE RIS TR ORI 3o

2R 178 AL 2 iR
WIS N 3o A 79 i FHARERHISE XA AR PRy

MR RS B, AT FA L e
NI AE R G R

Z IR M R LT )
Kb

NF 3ol AR P %
X

\ BN AT b=
¢ %

A 23 X Ak I B g

1 %

Ve T LR TR 4 % TR R é
%=

i

i

4

ped

G
2 MY ) S R IR ST A P I
Fig.2 Flowchart of Combined Adjustment Processing Used for Shipborne Gravity Anomaly Data
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Tab. 4 Statistics of Crossover Differences Before and After

Twice Gross Error Eliminations(mGal)

Max Min Mean STD RMS
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Tab. 5 Statistics of Gravity Anomaly Differences at Crossover Points

Before and After Long-wave Error Correction (mGal)

Max Min Mean STD RMS

IR IE R 36.21 -23.02 1.41 6.40 6.56
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Tab.6 Statistical Results of Difference Between System Error Correction Model of Shipborne Gravity and

Corrections at Crossover Points (Taking Two Routes as Examples) (mGal)

Midm= Max Min Mean STD RMS
ch100112 8.14 737 0 2.19 2.19

rc0902 20.90 -14.10 0 4.90 4.90
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Tab.7 The Statistics of Crossover Differences Before and After System Error Compensation (mGal)

Max Min Mean STD RMS
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Tab. 8 Statistics of Residual Between SIO V 32.1 Model and Shipborne Data Before and After
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Tab. 9 Statistics of Residual Between SIO V 32.1 Model and Grid Shipborne Data Before and After
Reprocessing (mGal)
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