550 8 5 7 DR e R CfF BB a2 i) Vol.50 No.7
20254 7 Geomatics and Information Science of Wuhan University Jul. 2025

SItg= iz, K & AR, A5 2RI AT ) S T AR A 106 5 A B AR DY RF R R B [T, i DBUR A A R (R BB AR
2025,50(7):1277-1290.DO1:10.13203/j.whugis20230088

Citation: GUO Jinyun, ZHANG Hongfei, LT Zhen, et al.Joint Reprocessing of Multi-sources Shipborne Gravity Anomalies: A
Case Study of Gulf of Mexico[J].Geomatics and Information Science of Wuhan University, 2025, 50(7):1277-1290.DO1:10.13203/
j.whugis20230088

2 IR T ) S R B R a5 A AL B : DL
HRLPSHT
FeE KB F K OREE® X K P

1 INARBHE R 22 o {5 B 2E e IR 55, 266590
2 INAREESR A 2 e A5 B 4B, Il AR TF R, 250101

W ERBBEAFFTHERENTEFEIGHEAOMEREZXTENNHN ., RRARAANBRET A F7RIEL LS WRK
RG22 T AN T FAKE MNBREHAZLD K EF AL (22 MBRETHFFHESZEERK, N -ZHM T
A ENBEAF R EHRRAAR AR B —F % RB 4R R, 2 % e n 3R 5 545 4 23 R ey PR, K780 4
ERELERT , EHBRKRGZE RERABELRA, AP A MET AL RBELRET A FFREGHRES BT
FiE, RN ER R KEREAE XAXETE2LRARREZAMES 7 B MEABATHALEZ, ABGHFE A0, EE
RABLEETCHEREZRRABR T AT FHE, B ABEN AT T H b £ MK AH 2L Z S5 HATH
Ry AR ATEFEAARBEFH RS AXEA S MNERKEREZFITRE; REGATIXERFM, @ L 554
FEEMARS S AKX MESG T EFMEANMNERAITREZBEL ZARLEME. 2 - RINBKSLEFT EHZ
B MARENFE XL ARSI F ARG RAEHIEN 12.10 mGal & ¥V £ 3.70 mGal, 5 £/ F % A SIO V32.1¢5 5% £
3 7 o AL ET 89 6.70 mGal ik ¥ £ 3.91 mGal, *F /2L AT &K 4035 55 A 69 2 A BT R IR AT, 4 R R IR £ 0 o Kk
FEEEERERERFINNEASB. ALERHENEINMR T R RABZ G BHEMBERAZTHETARKRE, EZH T
ATH—FT RO BRENFFTHE AN AGHENEF TR MAERBETERIELE,

KB ARETAMNZ; TAFF ;20T HEALE KA REZRE;XAXLEF 2, REFE

RESES . P229 XEKFRIRAD : A W75 B #3: 2023-06-03
DOI:10.13203/j.whugis20230088 XEHS1671-8860(2025)07-1277-14

Joint Reprocessing of Multi—sources Shipborne Gravity Anomalies: A Case
Study of Gulf of Mexico

GUO Jinyun' ZHANG Hongfei' LI Zhen' ZHU Chengcheng® LIU Xin' LUO Hongxin'
1 College of Geodesy and Geomatics, Shandong University of Science and Technology, Qingdao 266590, China

2 School of Surveying and Geo~Informatics, Shandong Jianzhu University , Jinan 250101, China

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 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 referen-
ce frames, and thus exhibit a multi-source characteristic. Furthermore, due to the limitations of measure-
ment and data processing techniques at the time of acquisition, the quality of the data varies and contains
significant errors, making direct application difficult. Methods: A joint reprocessing method for multi-

source shipborne gravity anomaly data is proposed, which refines the ship tracks through outlier elimina-
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tion, 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 gravi-
ty 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 compensa-
tion of the observed values were performed through intersection point condition adjustment and the con-
struction of a mixed polynomial model. Results: Taking the Gulf of Mexico as an example, shipborne gravi-
ty anomaly data in this region were obtained from the National Centers for Environmental Information. Af-
ter a series of joint processing methods, the root mean square (RMS) of crossover differences is reduced
from 12.10 mGal to 3.70 mGal, and the residual RMS of gravity anomaly model SIO V32.1 is reduced
from 6.62 mGal before refinement to 3.91 mGal. 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 we 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 sig-
nificantly 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; the Gulf of Mexico; data reprocessing; long—wave er-

ror correction; crossover adjustment; power spectrum density
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Table 1 Routes Information of Shipborne Gravity Anomaly in the Gulf of Mexico
WL LA ik # YR PURIIR =) PURIIENE o3 WL 4 17y
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11125 88 IR W VR 5 .
ch100112 USA Chain 1971
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% B AR kea09-69 USA Keathley 1969
kea09-70 USA Keathley 1970
keal0-68 USA Keathley 1968
keal0-70 USA Keathley 1970
keall-68 USA Keathley 1968
N PN mw8909 USA Moana Wave LaCoste & Romberg S33 1989
pl83gm USA J. W. Powel 1983
5 [ o ST B ul7lgm USA United Geo I 1971
u871pr USA United Geo I 1971
rc0901 USA Robert D. Conrad ASKANIA GSS2-6 1964
rc0902 USA Robert D. Conrad ASKANIA GSS2-6 1964
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
$L 5% -2 IR 3 HUER 0L T . B
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
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yucat-tr USA Altair
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Fig.1 Routes Distribution of Shipborne Gravity Anomaly
in the Gulf of Mexico
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Table 9  Statistics of Residual Between SIO V32. 1 Model and Grid Shipborne Data Before and After Reprocessing/mGal

SIO V32.1 5 fify 8 A 45 1 2 5 e RE e /IME T {E STD RMS
LT 55 b 3L AR AR ) SR DO AT ke 2 130.24 —80.74 1.42 7.05 7.19
ALY L5 b 3 S 2 T S R O R A 2 83.18 —37.53 —0.14 4.16 4.16

AU X b B AT 5 Ah H S A AR 2R E ) R s AT
Iy F % % B (power spectral density, PSD) 43
Bris AR E ) B B 5 SIO V321 E )
S RERUAH Bl ST, R T R A BT 5 A S
AR ) S IR 25 0 25 L A SO i) R T AL B
5 A3 AR ) R RE 5 S0 V321 H )
HR R 25 B9 PSD i B4 BT

T A 5 X3 AN (] R A SR R A 3
KA 2E 0, T 538 ik b s e ) B, AR S —
ek BT 6 Z% A £k 4 o 43K 43 i AT PSD
G307

WP A 3 RML ML KT B
u871pr.rc1003.v1704, fiii £k b AH &R M i 2 [6] (4 °F-
PIBE B 2.8 km; 55 A S A 3 AL Lk
% 5 43 9 N kea06-70 . mw8909 ,ul71gm, fif £k
AR g 22 18] ¢ F- 34 BE 89 R 0.25 kmo 4351 1155
X 6 4% il 2 A b R AT S 0 E ) 7R B 5 STO
V321 MR EE J) SR 2 R 22 E, X AR — 2
TEMLLE b BEATIR] B o 2.8 km A4 3 SR A, 448 4
ZEMEAEAT L B A7 (B B ok 0.25 km 19 3R AE, I
I3 A 2H I 3 A% T £k 22 (R RN 5 0T L OF XX
41 B R A T 09 22 fH B0 3E 1T PSD 4 Hr . M4l
PSD 435I UL & 7(a) FE 7(c) .

WE 7 () iR, 5 3 EUN T 0.01 km P, H
WK FEAE 100 km LA b, b He 3% 2H 22 (8 09 B 501
il L@ FARUE 4, 5 A0 3T AH L, Ak 3RS A
5w B R 5 S10 V32,1 #5824 19 PSD
B 43 #B B Al /N, 3 B T 22 R R B O

KPR ERE THRMIHEE-R. T %
Ay BT I RCR T 0.01 km B 19 2% {5 PSD K/, ¥
Aab BT R R ) SR B S R 25 Y PSD
B LAk B S 6 80 ) SR ROHE SRR 22 (E 1Y
PSD, 15 2 i 1E i )5 22 19 PSD Lb 38, 5 51 I K]
7(b) o MK T 1A, 360 7E 2 Dl Hel Ak 7 5
F14) A 280 T 7 S B0 5 25 /N T A BT A BB0HRE 5 I
Z Y RN T LR 6B 7R 12 0k O Ak B 1
2O SR O R 25 K T A B R ) B Y
K 7(b) AT LA, 8K T 0.01 km ™ 'BF, PSD
FoR 4 KRR T 1L ok Btz b)) . X T4
BRI 7o) IR 7R BT RGN %
LA ) ) SR BOE R AL B S S R 25 (Y
PSD #f W] & /)N T 4k B R 5 88 22 {6 A9 PSD. [\
FE LA T i — 25 WS 4k T PSD 585 1k )5 PSD
TE 2 A W AL 22 S5 09 KN SR 5 56 — A AR [R] 1Y
D7 15 3RAS B IE AT 5 BOIE S5 25 (8 1) PSD R, an &l
7(d) B, AT UL AE R R 1 U 500 L H SR AR
1o BB 7(a)F 7 ()X ELRT A& B, 58 4
MY ECE AR A TA —dl. T WA
B B SR A3 50 45 T PR A B PO R E
5% 5 S10 V32,1 #5881 & S5 % A 25 8 i R F
B, 25 S UL 8 FTE 9.

AR B 5 T 9 v 3 2% A £ 11 2 {1 B I ) A% Ak A5
B, BT 9 2 0 AR S A9 i 3 AR R
WCIE S A RCR AR T S N L X S E S
T A 2 (R 3 B TN A BT AR — A
FEAE 7 B ) Lo BT B T AR B R 25 IE A



55 50 B2 7 W 418 5 Z VM AT ) SR RO R RS AL B < LSRG R D £ 1287
Bed/km Weke/km
10000 1000 100 10 50 25 125 10 6.25
x10 10 T T T T T
3 B |
< 5ot
Q ) ‘
£ 2 4f
: T L
~ 2+ i
1 Lh‘ yh le“L l‘\l, - 'i'l“"ul '”&‘mlil “ln l‘ iﬂly u L JL“XMIM“ uht
1 10(' 1 I 1 1 1 1 1 1
“IX104 1x10°  1x102  1x10° 0 002 004 006 008 010 012 014 0.16 0.18
WHU/km™ WHU/km™
(a) 2 — ARS8 5 A ZE(H 1 PSD (b) % —41PSDELH
WK /km WK /km
1000 100 10 1 5 25 125 1 0.5
1x10* T T T T
Elnm'\RV\“ . i
= G, 3
&) Sy
g a
3 1x10° % i
& ]
1x10°2 | s : : s . . . . .
1x10° 1x102 1x100  1x10° 0 02 04 06 08 10 12 14 16 18 20
H/km! W E/km™!

(c) B - HH AR E 1 BUE ST IPSD (d) % #1PSDH %

Bl 7 fvaE J 5 B S STO V32, 1R A Y PSD
Fig.7 Power Spectral Density of Difference Between Shipborne Gravity Anomaly Data and SIO V32. 1 Model

g WL g % LT g 40 L
£ 9 £ o £ 9
o o o
25 I 1 1 H-50 L 1 I 1 9 -40 1 I 1 1 I
0 1 2 3 4 0 2 4 6 8 10 0 2 4 6 8 10 12
B ]/(10° ) I ]/(10° ) i E]/(10° )
g W g %0 W g 40 R
£ 0 £ 9 £
i i i
#d —25| 1 1 1 50 1 1 1 1 40 l 1 1 1 1
0 1 2 3 4 0 2 4 6 8 10 0 2 4 6 8 10 12
I E]/(10° s) i E]/(10% s) i E]/(10° s)
(a) u87lpr (b) rc1003 () v1704
B8 H—4lHh 34 M 2k 55 A 22 {H A A] e 571
Fig. 8 Time Series of the Differences Between the Three Ship Tracks in the First Group and the Model
g 2 BT g BIETT g% BT
£ 0 £ 9 £ o
= g ot
#-22 : . Hd -0 ; : : : #d-90 L : : :
0 4 8 12 16 0 4 8 12 16 20 0 4 8 12 16 20
B A1/(10° s) i A1/(10° s) HFA1/(10° s)
gz HER & T 2% TR
E o E E i bt
i i i
m -22 1 L m -50 1 L 1 L ﬂﬂ -90 L Il 1 ]
0 4 8 12 16 0 4 8 12 16 20 0 4 8 12 16 20
B A1/(10° s) A A1/(10° s) B A1/(10° s)
(a) kea06-70 (b) mw8909 (c)ul71gm
B9 28 4l vh 3 ALk 5 AT 2 AE I 0] )Y 5)

Fig.9 Time Series of the Differences Between the Three Ship Tracks in the Second Group and the Model

JIT At F AT A 22 T XABE 70 5 o ) B 0 8, X X
B E AR S R R AR
2 m E 5, PRI i 2 4 B T B A R
0.8 km LA L34 B IE SR IR

e 5 X L T AN [ SR R R )
S R AN R S B, BT LU BT AN A R R
AR AL, Ak PR (Y T ) S RO AE 45 D R
Bl A A 2 22 20 BT 0 /0, IR T AR SO 3R



1288

BOBR 2 (R

ISR Y

2025 -7 H

1 58 B AL 7 3 00 R
3 & '

AR SR T — 45 58 K B A AR A T AL P
T, 2 FH 58 PG AF V0 R S 56 X B, X6 % Xk
P22 U5 AN DRG0 A 28k J O S D o B R A T
KA P A B A X A 42 B a0 AT R 22 AR SR
22 mU5 B B LAl 22 b T E R T 2 SR
TR I B IE R R S A% T 4 B Al R AT R Ik iR 22
ES MG — IR Z A TFE S 20 RS
TR 22 AT A 25 A 1 7 O AR R G iR 22 1E
E— A, Zad — R IE A A A
HENRERBONFERE ST AR EY
5 20 WY 50 P T o SR FH IR AR HE B v R AR RS M A
T3 6T Bt 7 A AT 2k 1 JKORH 25 R/ L 22 1 A7
R, A8 CEANAFE RMS HORL 2E 50 BR1TAY 12.10 mGal
W0k 6.70 mGal; i IEH H A GIH Rk E
I AT DA R A TR s R 2 B E AN G — |
1R 22 B ) 5 oR 22 AR 22 5 R ik
2 B AUHE AR AR 45 G 0 0y AT B — 20 X R G 2
HEATAME  HI 55 38 AN E , S G b H
J& , 38 3 AR FF{E RMS | 6.56 mGal i 2> % 3.70
mGal, 5 S10 V32.1 £ % 5% 22 RMS i 6.70 mGal
/0 2 3.91 mGal, B 1 5 5 B ANE GO
HAF BN A R TE o AR SCH X AL A [ SR B A R
L 28 5 SIO V32.1 8 R iy 22 i 47 T R 3% o
B, BRIAEAR S B GS T b B 2 5 AN ) SR A
W R R 2R A 45 A I BRI ARG AR AR B T AR
(4 $2 T, I EL X T 5 450 80 2 % 1 ) e 510 O 2L A
TR R T2, FEBOE ORI

& £ X #

[1] HACKNEY R I, Featherstone W E. Geodetic Ver-
sus Geophysical Perspectives of the ‘Gravity Anoma-
Iy’ [J]. Geophysical Journal International, 2003,
154(1): 35-43.

[2] GUOJ, LUOH, ZHU C,et al. Accuracy Compari-
son of Marine Gravity Derived from HY-2A/GM
and CryoSat-2 Altimetry Data: A Case Study in the
Gulf of Mexico[J]. Geophysical Journal International
2022, 230(2): 1267-1279.

[3] INFIF, 25, 8400, 4% 2 BRI MR RS 4l
AR S L RaR ] RINK%E¥EMm (FER
M), 2022, 47(10) : 1555-1567.

SUN Heping, LI Qianian, BAO Lifeng, et al.

Progress and Development Trend of Global Refined

[4]

—
a1
[

[6]

[8]

[9]

[10]

Seafloor Topography Modeling [J]. Geomatics and
Information Science of Wuhan University, 2022, 47
(10): 1555-1567

HIRA, AR, B xS H W IR R
WA BT 5 3 ROEORT B A [T ] iRBUR
FE A (fF BRI L 2018, 43(7) : 1030-1035,
1128.

ZHAT Zhenhe, SUN Zhongmiao, XIAO Yun, et
al. Two—Satellites Tandem Mode Design and Accu-
racy Analysis of Gravity Field Inversion for Indepen-
dent Marine Altimetry Satellite [J]. Geomatics and
Information Science of Wuhan University, 2018, 43
(7):1030-1035, 1128.

FAIRHEAD J D, GREEN C M, ODEGARD M
E. Satellite-Derived Gravity Having an Impact on
Marine Exploration[J]. The Leading Edge, 2001,
20(8): 873-876.

HAXBY W F, KARNER G D, LABRECQUE J
L, et al. Digital Images of Combined Oceanic and
Continental Data Sets and Their Use in Tectonic
Studies[J]. Eos, Transactions American Geophysi-
cal Union, 1983, 64(52): 995-1004.

LU B, XU C, LIJ, et al. Marine Gravimetry and
Its Improvements to Seafloor Topography Estima-
tion in the Southwestern Coastal Area of the Baltic
Sea[ J]. Remote Sensing, 2022, 14(16): 3921.
GAINA C, MVLLER R D, ROEST W R, et al.
The Opening of the Tasman Sea: A Gravity Anoma-
ly Animation[J]. Earth Interactions, 1998, 2(4) :
1-23.

SANDWELL D T, SMITH W H F. Marine Gravi-
ty Anomaly from Geosat and ERS 1 Satellite Altime-
try [J]. Jowrnal of Geophysical Research: Solid
FEarth, 1997, 102(B5): 10039-10054.

T, WA, it , . R SWOT 2RI
N0 e s 4 T D SRS S A g e TR
B AT (7] sBOR 2 i (fiF BB ), 2024,
DOI: 10. 13203/j. whugis20240120.

YU Daocheng, HUANG Jinwei, ZHU Huizhong,
et al. Enhancing Marine Gravity Field Precision Using
SWOT Wideswath Altimetry Data: A Comparative
Analysis with Traditional Altimetry Satellites [J].
Geomatics and Information Science of Wuhan Uni-
versity, 2024, DOT: 10. 13203/j. whugis20240120.
TARAR, ZEHE, AR, A% . GRACE Al 1 g
E Rl O SN ES N G SR I e A I B 8 7 e
=4, 2012, 55(5): 1557-1564.

XING Lelin, LT Hui, XUAN Songbai, et al. Long-
Term Gravity Changes in Chinese Mainland from

GRACE and Terrestrial Gravity Measurements [ J].



%550 &5 7

IR ia A« 22 TR B T S T A A B LA P R A 441

1289

(12]

[21]

Chinese Journal of Geophysics, 2012, 55(5) : 1557~
1564.

VT, FRRA, A s E 0Ok U
HaFLT]. HiERY e, 2013, 28(1): 1-8.
SUN Zhongmiao, ZHAI Zhenhe, LI Yingchun. Sta-
tus and Development of Airborne Gravimeter [J].
Progress in Geophysics, 2013, 28(1): 1-8.

LU B, BARTHELMES F, LI M, et al. Shipborne
Gravimetry in the Baltic Sea: Data Processing Strate-
gies, Crucial Findings and Preliminary Geoid Deter-
mination Tests [J]. Journal of Geodesy, 2019, 93
(7): 1059-1071.

PS5t RAGH, WA, A MR WA K
A [EI X2 G 25 A IE DT TS [T ] UK o
M (fF BRHERRD , 2015, 40(3) : 417-421.

KE Baogui, ZHANG Chuanyin, GUO Chunxi, et
al. System Error Correction for Shipborne Gravimet-
ric Data from Different Regions of Offshore in China
[J]. Geomatics and Information Science of Wuhan
University, 2015, 40(3): 417-421.

B, Wiz, R I n 220 TR PR S
B[T]. R KRFEEM (fFRBER), 2024,
DOI: 10. 13203/j. whugis20240504.

JIN Xin, GUO Jinyun, LI Zhenhong. Current Sta-
tus and Prospects of Vertical Deflection Measure-
ment Methods[ J]. Geomatics and Information Scien-
ce of Wuhan University, 2024, DOI: 10. 13203/].
whugis20240504.

DEHLINGER P. Marine Gravity[M] New York:
Amsterdam: Elsevier, 1978.

THA, R, BRI, AF L M AS T ) g
ARuERELT]. MHpEedl2:, 2014, 34(3): 67-72.

NING Jinshen, HUANG Motao, OUYANG Yong-
zhong, et al. Development of Marine and Airborne
Hydro-
graphic Surveying and Charting, 2014, 34 (3) :
67-72.

TORGE W. Gravimetry [M]. Berlin:
Gruyter, 1989.

VAN STRANG H G. Gravity Survey of the North
SealJ]. Marine Geodesy, 1983, 6(2): 167-182.
PRINCE R A, FORSYTH D W. A Simple Objec-
tive Method for Minimizing Crossover Errors in Ma-
Geophysics, 1984, 49 (7) .

Gravity Measurement Technologies [J].

Walter de

rine Gravity Data[J].
849-1211.

HWANG C, HSIAO Y S, SHIH H C, et al. Geo~
detic and Geophysical Results from a Taiwan Air-
borne Gravity Survey: Data Reduction and Accuracy
Assessment [J].
Solid Earth, 2007, 112(B4): 2005JB004220.

Journal of Geophysical Research:

[22]

[23]

[26]

[27]

[28]

[31]

[32]

HUNEGNAW A, HIPKIN R G, EDWARDS J. A
Method of Error Adjustment for Marine Gravity with
Application to Mean Dynamic Topography in the
Northern North Atlantic [J]. Jowrnal of Geodesy,
2009, 83(2): 161-174.

TLE, Mais, X4, 5. CG-5 AR & J) {41
SCH R 2y BT (D). W2 B A, 2017, 42(3) -
155-160.

YU Hongjuan, GUO Jinyun, LIU Yang, et al. Pre-
cision Analysis on CG-5 Relative Gravimeter
Through Field Experiments[J]. Science of Surveying
and Mapping, 2017, 42(3) : 155-160.
MANOUSSAKIS G, KORAKITIS R, MILAS P.
Gravimetric Estimation of the E6tvos Matrix Compo-
nents [J]. Contributions to Geophysics and Geode-
sy, 47(1): 53-68.

LACOSTE L J B. Crosscorrelation Method for
Evaluating and Correcting Shipboard Gravity Data
[J]. Geophysics, 1973, 38(4): 701-709.

YL, BT, XIGEHs, % T8 0 R gk
22 AN R i ARy e L 22 (D). e 2y
2016, 36(3): 7-9.

DENG Kailiang, HUANG Xianyuan, LIU Xiao-
wei, et al. Detection of Gross Errors in Ship~-Borne
Gravity Data Based on Window—Moving RMS Model
[J]. Hydrographic Surveying and Charting, 2016,
36(3): 7-9.

HUANG M, GUAN Z, ZHATI G. On the Compen-
sation of Systematic Errors in Marine Gravity Mea-
surements [J]. Marine Geodesy, 1999, 22 (3) :
183-194.

WLV, BEE, BBHKE, S W O AR
ZEAMEPI L AL BEEE[T]. DR 2R (fF BB
Ji), 2002, 27(3): 251-255.

HUANG Motao, ZHAI Guojun, OUYANG Yong-
zhong, et al. Two-Step Processing for Compensating
the Systematic Errors in Marine Gravity Measure-
ments [J].
Wuhan University, 2002, 27(3): 251-255.
CHRISTESON G L, VAN AVENDONK HJ A,
NORTON I O, et al. Deep Crustal Structure in the
Eastern Gulf of Mexico[J]. Jowrnal of Geophysical
Research: Solid Earth, 2014, 119(9): 6782-6801.
MULET S, RIO M H, ETIENNE H, et al. The
New CNES-CLS18 Global Mean Dynamic Topog-
raphyl[J]. Ocean Science, 2021, 17(3): 789-808.
ZINGERLE P, PAIL R, GRUBER T, et al. The
Combined Global Gravity Field Model XGM2019e
[J]. Jowrnal of Geodesy, 2020, 94(7) : 66.
SANDWELL D T, HARPER H, TOZER B, et

Geomatics and Information Science of



1290

BOBR 2 (R

ISR Y

2025 -7 H

[33]

[35]

[36]

[37]

al. Gravity Field Recovery from Geodetic Altimeter
Missions[J]. Advances in Space Research, 2021, 68
(2):1059-1072.

B, RIS, BCFRACE, S LA R
RUTE 23 T ) O o R 22 A b g N (D). A L
TR AR (A APBRD) , 2022, 50(9) : 126-133.

HUANG Motao, DENG Kailiang, OUYANG
Yongzhong, et al. Application of Satellite Altime-
ter-Derived Gravity Model in the Error Detection of
Journal of
Huazhong University of Science and Technology
(Natural Science Edition), 2022, 50(9): 126-133.

WESSEL P, WATTS A B. On the Accuracy of
Marine Gravity Measurements [J]. Journal of Geo-
physical Research: Solid Earth, 1988, 93 (B1) :
393-413.

PICK M. On the Normal Gravity Formulael J]. Sru-
1990, 34 (4) :

Shipborne and Airborne Gravimetry [J].

dia Geophysica et Geodaetica,
289-312.

HWANG C, PARSONS B. Gravity Anomalies De-
rived from Seasat, Geosat, ERS-1 and TOPEX/
POSEIDON Altimetry and Ship Gravity: A Case
Study over the Reykjanes Ridge [J]. Geophysical
Jowrnal International, 1995, 122(2): 551-568.
XUMEF , 22812, B0V . O VI 26 I R 40 1% 25 04
Rk T O 22 AL [T]. IR 22 (R B
ML), 2001, 26(6): 533-538.

LIU Yanchun, LI Mingsan, HUANG Motao. The
Rank-Defect Adjustment Model for Survey-Line
Systematic Errors in Marine Survey Net[J]. Geo-
matics and Information Science of Wuhan Universi-

ty, 2001, 26(6): 533-538.

[38]

[39]

[40]

[41]

[43]

[44]

WESSEL P. XOVER: A Cross—over Error Detec-
tor for Track Data [J].
1989, 15(3): 333-346.
WESSEL P. Tools for Analyzing Intersecting
Tracks: The X2sys Package[J].
sciences, 2010, 36(3): 348-354.
. A T B R AN AL BRECR B FE (D .
P2 K2R, 2019,

WEI Jiancheng. Research on Advance Data Processing

Computers & Geosciences,

Computers & Geo-

Technology for Sea-Air Gravity Data[D]. Xi’ an:
Chang’an University, 2019.

T, E A, BEH, W R G A
KeF26 (7). W24, 1999, 28(2): 162-171.
HUANG Motao, GUAN Zheng, ZHAI Guojun, et
al. The Self-calibrating Adjustment of Marine Gravi-
ty Survey Network [J]. Acta Geodaetica et Carto-
graphica Sinica, 1999, 28(2): 162-171.
PYRCHLA K, PAJAK M, PYRCHLA J, et al.
Analysis of Free-Air Anomalies on the Seaway of
the Gulf of Gdansk: A Case Study[J]. Earth and
Space Science, 2020, 7(5): ¢2019EA000983.
PUJOL M I, SCHAEFFER P, FAUGERE Y, et
al. Gauging the Improvement of Recent Mean Sea
Surface Models: A New Approach for Identifying
and Quantifying Their Errors [J]. Jowrnal of Geo-
physical Research: Oceans, 2018, 123 (8) : 5889~
5911.
ZHU C,
Heights
SARAL/AltiKa Ka-Band Altimeter over South Chi-
na Sea[J]. Pure and Applied Geophysics, 2021,
178(4): 1513-1527.

LIU X, GUO J,

and Marine

et al. Sea Surface

Gravity Determined from



