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A seafloor topography inversion iterative algorithm based on gravity forward modeling theory
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Abstract: The method of seafloor topography inversion from gravity data is an important way to obtain global
seafloor topography. Aiming to solve the problem that traditional topography inversion algorithms need to indirectly
introduce empirical parameters, this study, based on the principle of not adopting empirical formulas, established
analytical observation equations between gravity anomalies and terrains by using the spatial domain method and the
gravity orthogonal formulas, and solved the equations by the least squares method. In order to obtain the optimal
solutions to the observation equations, Newtonian iterative relations were established and regularization parameters
were introduced to enhance the convergence of the equations. Considering the influence of the edge effect on the
regularization, a bilinear interpolation algorithm was used to encrypt the raw gravity anomaly data and the means of
unconstrained grid expansion to weaken the error. Moreover, a 1’ X 1" resolution seafloor topographic model was
constructed in the Pacific Ocean (155°E~156°E, 16°N~17°N), which was verified by the ship-surveyed bathymetry
data, and the root mean squared error was reduced by about 12.7% compared with the traditional spatial-domain
algorithm, gravity geology method, which verified the feasibility and accuracy of the proposed method.
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Table 1  Statistical table of digital information on seabed topographic models

LAY Fe/ME/m KA/ m FHME/m YR 2% /m LIP3

— IR 3071.3 6198.9 5747, 2 35.3 0.995 4
TR 3072.4 6 229.6 5 746.0 34.3 0.995 6
LAY 3077.6 6 247.7 5748.9 36. 1 0.995 2
7 A5 AL 3079.5 6251.1 5 749.2 36.9 0.995 0
FLR ALY 3085.5 6 245.1 5 750. 4 37.6 0.994 8
AY/C: Bt 3088.3 6 249.7 5751.2 38.1 0.994 7
BB 3093.2 6 246.9 5 750.7 38.4 0.994 6
IR AR Y 3094.8 6 247.8 5749.8 39.6 0.994 5
GGM 3314.6 6211.1 5733.1 39.3 0.994 4
ETOPO1 2 020.6 6127.7 5 660.5 136.5 0.973 1
GEBCO02021 2 807. 4 6214.6 5694.9 60. 8 0.986 9
DTUI18 2 908.7 6 137.0 5702.7 54,4 0.989 3
topo_23. 1 2 963.5 6211.6 5695.7 84.8 0.977 4
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Table 2 Statistical table of numerical information on differences with different seabed topographic models

ES KA /m He/ME /m -1 /m ¥IOr iR 2 /m LIPEX14

TR R-GEBCO2021 1577.8 0.010 85.1 216. 3 0.854 3
ZIREET-ETOPO1 1588.6 0. 002 117.8 226.7 0.906 0
TR -topo_23. 1 1712.6 0. 050 83.4 194.1 0.860 7
TREER-DTU1LS 1449.2 0.030 79.9 195.3 0.900 8
ZIRBER-GGM 632.9 0. 020 25.0 46. 6 0.991 7
GGM-DTU18 1246.9 0. 120 76.0 212.8 0.870 6
GGM-ETOPO1 1632.7 0. 002 115. 4 220. 4 0.929 4
GGM-GEBC02021 1426.5 0. 130 87. 4 197.8 0.873 9

GGM-topo_23. 1 1711.7 0.020 83.5 213.4 0.861 4
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Fig. 8 Schematic representation of the root mean square
error with respect to the ship’s measurement

checkpoints for different values of «
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Table 3 Statistical table of accuracy with different regularization parameters

o B e /ME/m e KA /m EIME/m HJ5 iR 2 /m LIBT3 10
0.1 3074.1 6 214.0 5744.8 34.5 0.995 6
1 3072.4 6 198.9 5 746.0 34.3 0.996 0
5 3 075.7 6 215.9 5 747. 4 36.2 0.995 2
8 3078.1 6 210.9 5 747.3 36.9 0.995 1
10 3079.7 6 207.4 5 746.9 37.4 0.994 9
100 3092.7 6 194.1 5721.2 46. 4 0.992 1
1 000 3 031.3 5 832.6 5 438.2 73.1 0.980 7
10 000 2 257.6 3 753.1 3 593.5 166. 4 0.948 7
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Fig. 9 Schematic diagram of the modelled

grid for the study area



NHEREAF P BE T ) 1 T B 1 U IS Y 3 3 ARk VAR

TH B2 22 J 10 T JEE s A5 R S 3 IR G 1 10 (o) e s AT LA 1, 300 R A500 F0 ig 38 4H 24 I 3%
RE/m
16°48'N

16936'N ~4000 -4000

16°24'N
~5000 ~5000
16°12N
-6 000 -6 000
16°00'N - J
155°00'E 155°12'E 155°24'E 155°36'E 155°48'E 156°00'E 155°00'E 155°12'E 155°24'E 155°36'E 155°48'E 156°00'E
(a) RIHERIRZ AV K HUTE (b) TH R 1= 22 1Y I H TP

10 B HMLERER
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