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The purpose of this paper is to analyze the influence of satellite altimetry data accuracy on
the marine gravity anomaly accuracy. The data of 12 altimetry satellites in the research area
(5°N–23°N, 105°E–118°E) were selected. These data were classified into three groups: A,
B, and C, according to the track density, the accuracy of the altimetry satellites, and the
differences of self-crossover. Group A contains CryoSat-2, group B includes Geosat, ERS-
1, ERS-2, and Envisat, and group C comprises T/P, Jason-1/2/3, HY-2A, SARAL, and
Sentinel-3A. In Experiment I, the 5′×5′ marine gravity anomalies were obtained based on
the data of groups A, B, and C, respectively. Compared with the shipborne gravity data,
the root mean square error (RMSE) of groups A, B, and C was 4.59 mGal, 4.61 mGal, and
4.51 mGal, respectively. The results show that high-precision satellite altimetry data can
improve the calculation accuracy of gravity anomaly, and the single satellite CryoSat-2
enables achieving the same effect of multi-satellite joint processing. In Experiment II, the
2′×2′ marine gravity anomalies were acquired based on the data of groups A, A + B,
and A + C, respectively. The root mean square error of the above three groups was,
respectively, 4.29 mGal, 4.30 mGal, and 4.21 mGal, and the outcomes show that when
the spatial resolution is satisfied, adding redundant low-precision altimetry data will add
pressure to the calculation of marine gravity anomalies and will not improve the accuracy.
An effective combination of multi-satellite data can improve the accuracy and spatial
resolution of the marine gravity anomaly inversion.

Keywords: marine gravity anomaly, shipborne gravity data, accuracy evaluation, CryoSat-2, South China Sea and its
adjacent regions

INTRODUCTION

Because the density distribution inside the actual Earth is very uneven, the actual observed
gravity value always deviates from the theoretical normal gravity value, and the difference
between the observed gravity field and the field of a reference model is called the gravity anomaly
(Kaban et al., 2011). Altimeter satellites can periodically obtain high-resolution, all-weather, and
long-term global ocean observation data except the polar region, which is of great significance
to the study of gravity anomaly inversion in large-scale sea areas. Studies have shown that the
error of satellite altimetry data is proportional to the inversion error of gravity anomaly (Li et al.,
2015). Therefore, research on the accuracy of satellite altimetry data and the selection of
suitable satellite altimetry data combination can improve the accuracy of inversion marine
gravity anomaly.
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Up to now, 18 altimetry satellites have been launched
successively. Moreover, we have an uninterrupted satellite
altimetry dataset for more than 30 years. It provides data
support for the study of marine gravity anomaly inversion
from multi-source satellite altimetry data fusion. After
successful acquisition of satellite altimetry data such as T/P
(Traon et al., 1994), Jason-1 (Dorandeu et al., 2004), Jason-2
(Ablain et al., 2010), SARAL (Prandi et al., 2015), and HY-2A
(Peng et al., 2015), the launch agencies and researchers evaluated
them systematically and studied the accuracy and stability of the
altimetry system and so on. There are certain differences in
period, spatial resolution, and altitude measurement precision
among satellite altimetry data. After evaluating the new and old
satellite altimetry systems, the rules of multi-source satellite
altimetry data fusion can be determined for marine gravity
anomaly inversion. As a whole, the accuracy of the satellite
altimetry data is constantly improving. And with the
increasing accuracy of satellite altimetry data, the spatial
resolution and accuracy of gravity anomaly inversion can be
improved by combining the newly launched satellite
altimetry data.

Satellite altimetry data contain abundant high-frequency
information, which provides strong support for marine gravity
research. Joint multiple-source altimetry data can improve the
accuracy and resolution of marine gravity anomaly inversion. At
present, a host of scholars have done numerous work in the
marine gravity field (Huang et al., 2001; Li et al., 2003; Sandwell
et al., 2013; Sandwell et al., 2014; Liang et al., 2020; Nguyen et al.,
2020;Wan et al., 2020;Wang et al., 2020). The accuracy of marine
gravity anomaly inversion from satellite altimetry data has
reached 4 mGal–10 mGal approximately. The main methods to
retrieve marine gravity anomalies from satellite altimetry data
include least-squares collocation, Stokes inverse algorithm, and
inverse Vening Meinesz formula method.

The least-squares collocation method is the first method to
invert marine gravity anomalies using satellite altimetry data.
Hofmann-Wellenhof introduced this method in physical geodesy
(Hofmann-Wellenhof, 2005) in detail, and then Sandwell
(Sandwell, 1984) and Hwang (Hwang, 1989; Hwang et al.,
1995) further studied and improved this method and used the
improved method to invert marine gravity anomalies. This
method has favorable calculation stability, especially in
offshore areas. In addition, this method can fuse multiple-
source gravity data to improve the accuracy of marine gravity
anomaly inversion (Wang et al., 2005). However, this method has
a large amount of calculation, which is only suitable for
calculating marine gravity anomalies in small regions and is
not suitable for the calculation of large-scale marine gravity
anomalies. The Stokes inverse algorithm is evolved from the
Stokes formula. Xu and others used this method to invert the 30′
× 30′ marine gravity anomaly in offshore China (Xu et al., 1999)
with an accuracy of 3.5 mGal. This method can eliminate the
influence of sea surface topography, but with less robustness. The
vertical deviation method is also known as the inverse Vening
Meinesz formula method, and the marine gravity anomaly can be
calculated by using the inverse Vening Meinesz formula with the
vertical deviation as the initial value. This method is currently the

main method to retrieve marine gravity anomalies with multi-
source altimetry satellite data. A multitude of team scholars use
this method to retrieve marine gravity anomalies, such as
Sandwell (1992), Knudsen (1991), and Andersen (1998), and
others invert global marine gravity anomalies by using Geosat/
GM and ERS-1 altimetry data with this method. Li and others
used this method to invert marine gravity anomalies in the
offshore China and its adjacent areas (Wang et al., 2001).

The vertical deviation method for inversion of marine gravity
anomalies is currently the most widely used method with the
most effective inversion. However, in the process of joint
inversion of multi-source satellite altimetry data, the method
does not consider the influence of uneven accuracy of multi-
source satellite altimetry data on joint inversion and does not
consider whether the joint multi-source satellite altimetry data
meet the data volume requirements of the inversion resolution. In
this paper, we evaluate the accuracy of each satellite’s altimetry
data, selectively combine the altimetry satellite data, and analyze
the influence of various combinations of different satellite
altimetry data on the inversion of marine gravity anomaly.
The most suitable combination of satellite altimetry data is
also selected by evaluating the accuracy with shipborne gravity
data. Finally, the 1′ × 1′ marine gravity anomaly is obtained by
combining the multi-source satellite altimetry data inversion.

DATA AND METHODS

While inverting the marine gravity anomaly with multi-source
satellite altimetry data, fine processing on every satellite’s
altimetry data can reduce the influence of data error and
improve the accuracy of the marine gravity anomaly inversion,
including data screening and editing, collinear adjustment, and
cross point adjustment.

Satellite Altimetry Data
Geosat, ERS-1, T/P, ERS-2, Jason-1, Envisat, Jason-2, CryoSat-2,
HY-2A, SARAL, Jason-3, and Sentinel-3A satellite altimetry data
were selected for joint processing in this paper, including Exact
Repeat Mission (ERM) and Geodetic Mission (GM) data. T/P,
Envisat, Jason-1, Jason-2, Jason-3, and SARAL satellite data can
be viewed and downloaded from the AVISO website (https://
www.aviso.altimetry.fr/). Geosat satellite data can be viewed and
downloaded from the NOAA website (https://data.noaa.gov/
dataset/dataset/data-records-derived-from-geosat-geodetic-
mission-gm-and-exact-repeat-mission-erm-data-fro-19891).
ERS-1, ERS-2, CryoSat-2, and Sentinel-3A satellite data can be
viewed and downloaded from the ESA website (https://www.esa.
int/). HY-2A satellite data can be viewed and downloaded from
the NSOAS website (https://osdds.nsoas.org.cn/
MarineDynamic). The details are listed in Table 1 and Table 2.

Shipborne Gravity Data
The shipborne gravity data collected in this paper are derived
from a special project for comprehensive survey and evaluation of
China’s offshore ocean and are acquired by different departments
in multiple time periods of measurement, distributed in different
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regions. The data are finely processed to obtain shipborne
gravity data anomalies with a spatial resolution of about 30′
(Huang, 1990; Huang, 1993; Li et al., 2002; Liu et al., 2012; Ke
et al., 2015). In this paper, shipborne gravity data from the
South China Sea with low spatial resolution are used, and their
distribution is shown in Figure 1. We take the shipborne
gravity data as the real value, match the satellite gravity
anomaly with the location where the shipborne data points
are located, and evaluate the accuracy of the experimental
results by comparing the inverse marine gravity anomaly with
the shipborne gravity data.

Data Preprocessing
The data accuracy of China offshore and its vicinity was analyzed,
which provides the basis for the joint rules of multiple-source
satellite altimetry data. First, in order to ensure the data quality of
the study area, the land, sea ice, rainfall, and other invalid or
polluted observation points were deleted. Data were edited by
using marking and threshold screening criteria in the altimetry
satellite data handbook (Blanc et al., 1996; National Oceanic and
Atmospheric Administration (NOAA), 1997; Gilbert et al., 2014;
Bronner et al., 2016; Dumont et al., 2017; Picot et al., 2018; Soussi
et al., 2018; Mertz et al., 2019; National Satellite Ocean

TABLE 1 | Information of the satellite altimetry GM data.

Altimetry data/GM Cycle Time span Repeat cycle (days) Ground track separation
at equator (km)

Geosat 001–025 1985.03–1986.09 17 4
ERS-1 139–144 1994.04–1995.03 35 8
Jason-1 500–537 2012.05–2013.06 10 —

Jason-2 500–514 2017.07–2017.12 10 —

SARALa 100–115 2016.07–2018.01 35 —

aThe satellite is in the orbit.

TABLE 2 | Information of the satellite altimetry ERM data.

Altimetry data/ERM Cycle Time span Repeat cycle (days) Ground track separation
at equator (km)

Geosat 001–043 1986.11–1988.11 17 164
ERS-1 083–100 1992.04–1993.12 35 80

145–156 1995.03–1996.05 35 80
T/P 001–364 1992.09–2002.08 10 315
T/P (after orbit change) 369–481 2002.09–2005.10 10 315
ERS-2 001–085 1995.05–2003.07 35 80
Jason-1 001–258 2002.01–2009.01 10 315
Jason-1 (after orbit change) 263–355 2009.02–2011.08 10 315
Envisat 007–113 2002.06–2012.03 35 80
Jason-2 001–303 2008.07–2016.09 10 315
Jason-2 (after orbit change) 305–327 2016.10–2017.05 10 315
CryoSat-2a 002–008 2011.01–2017.12 369 7.5
HY-2A 050–075 2013.08–2014.08 14 207
SARALa 001–035 2013.03–2016.07 35 80
Jason-3a 001–066 2016–02-2017–12 10 315
Sentinel-3Aa 018–023 2017.05–2017.10 27 104

aThe satellite is in the orbit.

FIGURE 1 | Distribution map of shipborne gravity data. The red mark is
the location of the ship gravity anomaly.
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Application Service (NSOAS), 2019; European Space Agency
(ESA), 2019; Bignalet-Cazalet et al., 2021).

According to the characteristics of the repeated orbits of
altimetry satellites, the ERM data of each altimetry satellite
were collinearly processed, respectively (Jiang et al., 2002). The
observed values on the same pass number of different cycles were
adjusted to the reference orbit, so as to weaken the influence of sea
surface time variation and random noise (Braun et al., 2004). The
differences of self-crossover before and after collinear adjustment
are described in Table 3.

The ERM data after collinear adjustment still contain system
deviation, radial orbit error, and so on. In order to eliminate these
errors as much as possible, crossover adjustment (Zhang, 2015)
for the satellite altimetry data after collinear adjustment was
carried out, and the differences before and after crossover
adjustment are shown in Table 3.

It is shown that the differences of self-crossover were reduced
with different degrees after collinear adjustment, and that of
SARAL was reduced by 6.08 cm at most. The RMSE of CryoSat-2
after collinear adjustment was reduced less because the cycle of
CryoSat-2 is 1 year and the time-varying effect of sea surface is
large. The RMSEs were reduced with different degrees after
crossover adjustment. Among them, those of T/P, Jason-1/2/3,
HY-2A, SARAL, and Sentinel-3A were reduced to less than
10 cm; those of Geosat, ERS-1, ERS-2, and Envisat were all
above 10 cm, with slightly poor accuracy; and CryoSat-2 had
the largest RMSE, which is limited by its long cycle of 365 days
besides its own accuracy error.

GM data have non-repeat orbits. GM data underwent
crossover adjustment without collinear adjustment.

After crossover adjustment, satellite data are processed
separately according to the grouping. Ellipsoid and orbit
frame unification is carried out for the satellite data in the
same group (Din et al., 2019), and all data are calibrated to the
TP reference. Then, preprocessing satellite altimetry data were

obtained through crossover adjustment between each
satellite’s data.

Marine Gravity Anomaly Inversion Method
In this paper, the Hwang method (Hwang et al., 1998; Hwang
et al., 2002) was used to invert the vertical deviation, and then
marine gravity anomaly was obtained by using the inverse Vening
Meinesz formula (Hwang et al., 1996; Hwang, 1998).

The remove–restore method (Sansò et al., 2013) was used to
reflect the high-frequency information in the satellite altimetry
data and the long-wave advantages of the gravity field model,
which improved the inversion accuracy. The remove–restore
technique consists of two steps. The first step is to remove the
model interpolation geoid height from the geoid height, and then
the residual geoid height is obtained. The second step is to restore
the effect of the model gravity field and the inner circle marine
gravity field to the residual marine gravity field. The final grid
marine gravity anomaly (as shown in Figure 2) is composed of
three parts: the EGM2008 gravity field model gravity anomaly
(U.S. National Geospatial-Intelligence Agency EGM
Development Team, 2010), the residual marine gravity
anomaly, and the inner circle marine gravity anomaly. The
steps to calculate the grid point gravity anomaly are as follows:

1) The geoid height at the measurement point is obtained by
subtracting the DOT2008A sea surface topography model
(U.S. National Geospatial-Intelligence Agency EGM
Development Team, 2010) from the preprocessing satellite
altimetry data.

2) The residual geoid height is obtained by subtracting the
EGM2008 model interpolation geoid height from the geoid
height.

3) The residual vertical deviation along the track and the residual
vertical deviation grid data is obtained by using the Hwang
method.

TABLE 3 | Statistical results before and after collinear and crossover adjustment.

Altimetry data Cycle (days) Number of
intersections

Intersection point
discrepancy value
before collinear

adjustment, RMSE
(cm)

Intersection point
discrepancy value
after collinear

adjustment, RMSE
(cm)

Intersection point
discrepancy value
after crossover

adjustment, RMSE
(cm)

Geosat 17 853 21.15 16.41 12.25
ERS-1 35 1934 21.49 19.00 11.70
T/P 10 236 21.55 15.88 9.04
T/P (after orbit change) 10 233 18.14 15.97 9.65
ERS-2 35 1946 24.67 19.89 13.11
Jason-1 10 221 16.32 12.67 8.12
Jason-1 (after orbit change) 10 228 19.13 16.01 9.03
Envisat 35 2034 18.14 16.04 12.05
Envisat (after orbit change) 30 1,533 21.53 19.48 15.14
Jason-2 10 246 17.02 12.55 8.52
Jason-2 (after orbit change) 10 246 14.78 11.58 6.71
CryoSat-2 369 9,220 26.18 20.74 16.41
HY-2A 14 305 19.92 14.52 9.96
SARAL 35 2076 19.21 13.13 9.86
Jason-3 10 245 17.24 13.95 8.13
Sentinel-3A 27 971 15.21 12.38 8.82
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4) The residual marine gravity anomaly is obtained by using the
inverse Vening Meinesz formula, with an integral radius
of 30′.

5) The inner circle marine gravity anomaly is obtained by using
the Vening Meinesz formula.

6) The final grid marine gravity anomaly is obtained by adding
the EGM2008 model marine gravity anomaly, residual marine
gravity anomaly, and inner circle marine gravity anomaly.

7) The accuracy of grid marine gravity anomaly is evaluated by
using shipborne gravity data as the real value. The grid marine
gravity anomaly was interpolated to the shipborne data points
by taking the shipborne data points as the center and 12′ as the
radius of the circle. The interpolation method is the inverse
distance weight (Hartmann et al., 2018). Finally, the interpolated
gravity data are compared with the shipborne gravity data.

EXPERIMENTS

Experimental Setup
The experimental groups in this paper are shown in Table 4. All
satellite altimetry data are divided into three groups according to
the altimetry satellite orbit density, accuracy, and self-crossing
point discrepancy. Group A contains the new CryoSat-2 single

FIGURE 2 | Flowchart of gravity anomaly inversion.

TABLE 4 | Experimental design and grouping.

Experiment number Spatial resolution Experimental data

I 5′×5′ A B C
II 2′×2′ A A + B A + C
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satellite data, group B includes Geosat, ERS-1, ERS-2, and
Envisat with lower accuracy, and group C contains T/P, Jason-
1/2/3, HY-2A, SARAL, and Sentinel-3A with higher accuracy.
The CryoSat-2 single satellite is added to low-precision group
B to form the A + B group and to high-precision group C to
form the A + C group. Firstly, 5′ × 5′ marine gravity anomaly
data were set up by using groups A, B, and C, respectively, and
the accuracy results of marine gravity anomaly inversion
corresponding to each group were analyzed. Then, 2′ × 2′
marine gravity anomaly data were established by using the A,
A + B, and A + C groups to test the impact of the addition of
new satellites on the inversion accuracy.

According to the distribution range of shipborne gravity data,
the gravity anomaly inversion study area of the experiment is set
as 5°N–23°N, 105°E–118°E. The ground tracks corresponding to
the satellite altimetry data of groups A, B, and C are shown in
Figure 3.

Results and Analysis of Marine Gravity
Anomaly Inversion With Different Satellite
Altimetry Data Combination
The experiments were carried out according to the marine gravity
anomaly inversion method with 30′ as the integral radius, and the
5′ × 5′ and 2′ × 2′marine gravity anomalies in the study area were
calculated, respectively, by using the preprocessed data of each
group. Figure 4 shows the 5′ × 5′marine gravity anomaly results
calculated from the three groups A, B, and C in Experiment I and
the 2′ × 2′ marine gravity anomaly results calculated from the
three groups A, A + B, and A + C in Experiment II.

It can be seen from Figure 4 that the inversion of the 5′ × 5′
and 2′ × 2′ marine gravity anomalies can clearly reflect the
distribution of large gravity anomalies in the ocean, and the
2′ × 2′ marine gravity anomaly has more details than 5′ × 5′.
Comparing the inverted six kinds of marine gravity anomaly
results with the shipborne gravity data, the accuracy evaluation
results are shown in Table 5, and the scatter plot compared with
shipborne gravity data is shown in Figure 5.

1) Accuracy evaluation of 5′ × 5′ marine gravity anomaly

The RMSE of group A, B, and C satellite altimetry data is
4.59 mGal, 4.61 mGal, and 4.51 mGal, respectively. The overall
maintenance is around 4 mGal, and the effect is favorable. A
single satellite group A inversion result is close to that of high-
precision satellite group C. The CryoSat-2 single altimetry
satellite can achieve the effect of multi-source satellite joint,
and its accuracy is slightly higher than that of low-precision
altimetry satellite joint inversion. Figure 5A shows a scatter plot
of the comparison between the group B data and the shipborne
gravity data, and Figure 5B shows the scatter plot of the
comparison between the group C data and the shipborne
gravity data, both of which are distributed on both sides of a
straight line y � x. But the overall deviation of group B is larger
than that of group C. The results show that high-precision
altimetry data can improve the inversion accuracy of gravity
anomalies.

2) Accuracy evaluation of 2′×2′ marine gravity anomaly

The RMSE of group A, B, and C satellite altimetry data is
4.29 mGal, 4.30 mGal, and 4.21 mGal, respectively. Compared
with the result of 5′ × 5′marine gravity anomaly, the RMSE has a
certain reduction. Figures 5C,D show scatter plots of the
comparison between group A + B and A + C data and
shipborne gravity data, respectively. The overall deviation
degree is better than that in Figures 5A,B. The results show
that the inversion results of CryoSat-2 alone are higher than the
joint inversion results of the low-precision satellite group and
lower than the joint inversion results of the high-precision
satellite group. On the basis of CryoSat-2 data, two groups of
data B and C were added, respectively, and the calculation
accuracy of gravity anomaly has been reduced and improved,
respectively. It is shown that the calculation accuracy of gravity
anomalies can be reduced by adding redundant data with lower
accuracy when the spatial resolution is satisfied, and the effective
combination of multi-source satellite altimetry data can improve
the accuracy of marine gravity anomaly calculations and spatial
resolution.

By comparing the results of 5′ × 5′ and 2′ × 2′ gravity anomalies
by using the altimetry data of group A satellites, the accuracy of

FIGURE 3 | Ground tracks corresponding to the satellite altimetry data of groups A (A), B (B), and C (C).
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FIGURE 4 | Map of the marine gravity anomaly in the study area: 5′×5′ marine gravity anomaly results calculated by the three groups A (A), B (B), and C (C) in
Experiment I and 2′×2′ marine gravity anomaly results calculated by the three groups A (D), A + B (E), and A + C (F) in Experiment II.
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gravity anomaly calculation has increased by 0.30 mGal after the
spatial resolution is improved. Combined with the orbit density of
CryoSat-2 data, it is shown that the CryoSat-2 single satellite can
satisfy the calculation requirements of 2′ × 2′ gravity anomaly.

All the mean values are above 1 mGal. Indeed, the marine
gravity anomaly inversion is slightly higher than the shipborne
gravity data. The accuracy of the marine gravity anomalies
obtained by combining the satellites of groups A, B, and C is
higher than that of the marine gravity anomalies calculated by

each group individually. The highest accuracy of the marine
gravity anomaly is obtained by combining CryoSat-2 with
group C, which has higher accuracy, in the process of
calculating the marine gravity anomaly with high spatial
resolution. It indicates that the combination of multi-source
satellite data can effectively improve the accuracy of gravity
anomaly calculation, and the single satellite CryoSat-2 enables
achieving the same effect of multi-satellite joint processing.

Multi-Source Satellite Data Inversion of
19×19 Marine Gravity Anomaly
According to the above analysis, the highest accuracy of marine
gravity anomaly is obtained by using CryoSat-2 combined with the
higher accuracy group C. The accuracy of TP series satellites in
groupC is higher, but the T/P, Jason-1, Jason-2, and Jason-3 satellite
data have the same ground track. Therefore, TP and Jason-1 data
with a relatively old time in group C are not used in this paper.

In this paper, we used CryoSat-2, SARAL/ERM, SARAL/GM,
Jason-2/ERM, Jason-2/GM, Jason-3, Sentinel-3A, and HY-2A

TABLE 5 | 5′×5′ and 2′×2′ satellite gravity inversion results compared with
shipborne gravity anomaly data (unit: mGal).

Resolution Group Max. Min. Mean RMSE

5′×5′ A 13.84 −12.49 1.89 4.59
B 12.98 −12.71 1.87 4.61
C 14.57 −11.97 1.94 4.51

2′×2′ A 11.98 −10.47 1.76 4.29
A + B 12.14 −10.97 1.76 4.30
A + C 11.62 −11.12 1.74 4.21

FIGURE 5 | Scatter plot image compared with shipborne gravity anomaly data. Comparison of the gravity anomaly data obtained by the B (A), C (B), A + B (C), and
A + C (D) satellite altimetry data inversion with the shipborne gravity anomaly data. The red line is the y � x straight line. The blue mark is the value corresponding to the
gravity anomaly inversion data and the shipborne gravity anomaly data.
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satellite altimetry data to invert the gravity anomalies. These data
are evenly distributed without blind areas and meet the 1′×1′
gravity anomaly inversion accuracy. The obtained 1′×1′ marine
gravity anomalies are shown in Figure 6.

It can be seen from Figure 6 that the 1′×1′ marine gravity
anomaly can better reflect the details of gravity distribution. The
internationally recognized global gravity anomaly models are the
EGM2008 model and Sandwell V25.1 model, but these two
models are less applicable to regional gravity anomalies. The
gravity data obtained by shipboard measurements are more
responsive to local gravity anomalies. Therefore, the results of
the EGM2008 model gravity anomaly, the Sandwell V25.1 gravity
anomaly, and the inversion data of this paper are compared with
the shipborne gravity anomaly data, respectively, and the
comparison results are shown in Table 6.

From the results, it can be seen that the overall root mean square
error of the 1′×1′ gravity anomaly inversion using the
remove–restore method in combination with the EGM2008
gravity field model is 3.45mGal, which is better than the
EGM2008 gravity field model comparison value of 4.01 mGal. It
is comparable to the Sandwell V25.1 comparison value of 3.38 mGal.

CONCLUSION

In this paper, 12 altimetry satellites, such as CryoSat-2, Geosat,
ERS-1, ERS-2, Envisat, T/P, Jason-1/2/3, HY-2A, SARAL, and
Sentinel-3A, are selected to carry out gravity anomaly calculation
experiments in groups. The results show the following:

1) High-precision altimetry data can improve the calculation
accuracy of gravity anomalies. CryoSat-2 has a better
measurement accuracy and higher orbit density. So, a
single altimetry satellite can achieve the effect of multi-
source altimetry satellite fusion.

2) When the spatial resolution meets the requirements, the
accuracy of marine gravity anomaly has no significant
impact by adding redundant low-precision altimetry data,
but it will increase the calculation pressure.
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FIGURE 6 | Map of the 1′×1′ marine gravity anomaly in the study area.

TABLE 6 |Models and inversion data statistical results compared with shipborne
gravity anomaly data (unit: mGal).

Max. Min. Mean RMSE

EGM2008, shipborne gravity data 12.10 −11.31 1.52 4.01
Sandwell V25.1, shipborne gravity data 11.33 −8.53 1.59 3.38
Inversion data, shipborne gravity data 11.51 −9.84 1.76 3.45
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