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# E A% T A KA (Gravity-Geologic Method,
GCM) 2 —HZ& o MBENKL T AHFFHHE, ARNAR
A A KR SLAL R E 50, Ao BRI TY 89 7
kAR —FREH GOM E R FIE T M &, A
XEH T — KT N WA E (Inproved-Gravity-
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Abstract The
(GGM ) is an

bathymetric data and marine gravity anomalies data to

Method
shipborne

traditional  Gravity-Geologic

approach that combines
invert seafloor topography by resolving short-wavelength
gravity anomalies using the Bouguer plate formula. To
of GGM in
topography Improved  Gravity-Geologic
Method (IGGM ) has been developed in this paper. A

weighting parameter was introduced into the Bouguer plate
g g P g P

further enhance the accuracy seafloor

inversion, an

formula, and short-wavelength gravity corrections were

calculated at control points to refine the long-wavelength

(112°E—116°E, 8°N—I2°N) F A 45 # &£ 4 1’ x 1’84
HRIBEAE AN EBRBREERRXAFTES
(National Oceanic and Atmospheric Administration of the
United States, NOAA) 2 43 4 A% 2 0] 3% 40 38 3¢ JL #4745
LR R AW, IGGM AL A 4k 45 S M 4 W e 3o 7Y
f AL, IGGM A A L5 52 il K IR K 3% £ 5 89 47
# ( Standard Deviation, STD) % 175.68 m, #8 %& T
GGM.SIO V25.1 #= SRTMI15 + V2.0 #t & 4 5] B 4& T
7.01 m.20.67 m F= 19. 68 m. 4F 3] & £ K& < 1000 m
AR5 GOCM A Ak, IGGM & A& X L #
M, AL FM KRB EF W ARAEZB DT 10.20 m.
I IE T B G 6 E ) R R A ROROM R R

gravity field modeling further. A seafloor topography model
with a spatial resolution of 1’ x 1’ was constructed for the
reef area near the Nansha Islands ( 112° E—116° E,
8°N—12°N)

Method. The accuracy of the model was evaluated using

using the Improved Gravity-Geologic

shipborne bathymetric data provided by the National
Oceanic and Atmospheric Administration of the United
States ( NOAA). Results indicate that the IGGM model
more accurately reflects fine topographic variations, with
the standard deviation of 175.68 m in depth differences
from measured data, representing a reduction of 7.01 m,
20.67 m and 19. 68 m compared to the GGM model, the
SIO V25.1 model and the SRTMI15 + V2.0 model,

respectively. Compared to the GGM model, the IGGM
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model shows a significant accuracy advantage in complex
reef areas with depths < 1000 m, reducing the standard
deviation of depth differences by 10. 20 m. This validates
the effectiveness of the Improved Gravity-Geologic Method
in enhancing inversion accuracy, especially in reef
regions, where it more accurately reflects the trend of
seafloor topography changes, providing essential support
for seafloor topography modeling in these areas.

Keywords Gravity-geological method; Gravity anomaly;

Seafloor topography; Islands and reefs; Density constant
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Fig.1 Schematic geometries of the improved

gravity-geologic method
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Fig.2  Gravity anomalies and shipborne bathymetry data in the study area

(a)SDUST2022GRA gravity anomaly model; (b) NCEI bathymetry data. The black and yellow points are control points, red points are checkpoints.
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(Smith and Wessel, 1990).
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TUESCH A% P Ak i 75 1) 1 b TR 65 o LR |, TR] IO 2 A 7Y
R BE B AIG, JL-F- T vk B 3L IR HUE A TR AN 5 2. T
GGM LRI IGGM #5 B4 1) fiE 65 45 Jhy 375 M 44 4 22 F
G I8 1) 2% 2R T T HUSRRAE 491 40 R BRG  OK o 3

T VA S R R RS EE AR ST 2 A X
1% 72 ( Mean Absolute Error, MAE) {E & K5 E PE 4 35
br. MAE f3H8 AT .

1 n
MAE = — - 8
AR (8)
A, n R T AR, B SRR K IR BUINAE, H, 3R
7 I K G AE.

A, i 5l A CE ) 4 XF A 4 LR 25 (Mean
Absolute Percentage Error, MAPE) , ‘& J2 % B 7 ] 1%
7 5 9K TR Z L Y 26 X5 (8 1 7 B4, 31X — 98 br
R 1819 23 B 0L B YAl b (Zhou et al., 2023).
MAPE {H BRI , 7 7 A7 B (KORG8 . MAPE fY3F
BAKIT

n

MAPE = (2 Ei};Hi

i it STD \MAE MAPE 2545 b5 % 462 BOKG BE £ 17
PEAl . STD # J BERURS BE DAl A o, HFFF MAPE
A A AL TR (4 AR R JBE 45 A (Wi 25, 2020).
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Table 1 Differences between various seafloor topography models and check points
Model Max/m Min/m Mean/m STD/m RMS/m MAPE/ % MAE/m
GGM-NCEI 1218. 80 -841.40 11.10 182. 69 183.02 6.44% 112.92
IGGM-NCEI 1095. 50 -844.16 9.58 175. 68 175.94 6.34% 111.72
SI0 V25. 1-NCEI 900. 83 -760. 59 24.62 196. 35 197. 88 7.56% 121. 07
SRTM15 + V2. 0-NCEI 1047.90 -734.91 29.30 195. 36 197. 54 7.33% 116. 24
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Fig.5 Submarine terrain model
(a) Grid model of bathymetric control points; (b) GGM model; (¢) IGGM model.
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Fig. 6  Spatial distribution of differences between the
IGGM model and the shipborne measured depths
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Table 2 STD of deviation between various seafloor topography models and check points

STD/m
TKB/m A% s B A
GGM IGGM SIO V25.1 SRTM15 + V2.0
<1000 496 275.16 264. 96 350. 85 354.33
(1000, 2000 ] 6575 166. 37 150.75 245. 46 234.71
>2000 12095 175.77 171.50 148. 74 155.32
100 100
(@ (b)
80 80
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S 40F S 40r
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Fig.7 Histogram of absolute differences between various models and check points
(a) GGM model; (b) IGGM model; (¢)SIO V25. 1 model; (d) SRTM15 + V2.0 model.
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Fig.8 Depth profiles of IGGM depths and ship measured depths at 9°N and 10°N
(a) Profile along 9°N; (b) Profile along 10°N.
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