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Abstract

HY-2A (Haiyang-2A), launched in 2011, is the first ocean dynamic environment satellite of China and is equipped
with a radar altimeter as one of the primary payloads. HY-2A shifted the drift orbit in March 2016 and has been
accumulating geodetic mission (GM) data for more than three years with 168-day cycle. In this paper, we present
the preliminary gravity field inverted by the HY-2A/GM data from March 2016 to December 2017 near Taiwan
(21°-26°N, 119°-123°E). The gravity anomaly is computed by Inverse Vening Meinesz (IVM) formula with a one-
dimensional FFT method during remove-restore procedure with the EGM2008 gravity model as the reference
field. For comparison, CryoSat-2 altimeter data are used to inverse the gravity field near Taiwan Island by the
same method. Comparing with the gravity field derived from CryoSat-2, a good agreement between the two data
sets is found. The global ocean gravity models and National Geophysical Data Center (NGDC) shipboard gravity
data also are used to assess the performance of HY-2A/GM data. The evaluations show that HY-2A and CryoSat-2
are at the same level in terms of gravity field recovery and the HY-2A/GM altimeter-derived gravity field has an
accuracy of 2.922 mGal. Therefore, we can believe that HY-2A will be a new reliable data source for marine gravity

field inversion and has the potentiality to improve the accuracy and resolution of the global marine gravity field.
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1 Introduction

The satellite radar altimeter is an important microwave re-
mote sensor. The radar altimeter loaded on the satellite sends
radar pulse signals to the sea surface and receives echo signals.
Through ground data processing, the sea surface height (SSH),
significant wave height and wind speed measurements can be
obtained. Retrieving the ocean gravity field using altimeter SSH
data is one of the main applications of satellite altimeters. This
work was first demonstrated with GEO-3 data by Rapp (1979).
Marine gravity fields and geoids obtained from GEO-3, Seasat
and GEOSAT exact repetitive mission (ERM) data were given
(Haxby et al., 1983; Rapp, 1986; Sandwell and McAdoo, 1988).
Due to the sparse ground track of ERM data, these inversion res-
ults were limited to spatial resolutions with wavelengths longer
than 50-100 km. The emergence of GEOSAT geodetic mission
(GM) data represented an important milestone: a single satellite
altimeter can fully map high-resolution ocean geoids and ocean
gravity fields. Such a marine gravity field was first introduced by
McAdoo and Marks (1992). During 40 years, dozens of altimetry
satellites have been launched. Among the altimetry satellites,
only a few satellites had geodetic data, such as GEOSAT, ERS-1,
CryoSat-2, Jason-1, Jason-2, SARAL/AItiKa, which had greatly fa-
cilitated the high-resolution ocean gravity inversion (Sandwell
and Smith, 1997, 2009; Andersen and Knudsen, 1998; Hwang et
al.,, 1998, 2002; Andersen et al., 2010, 2014; Sandwell et al., 2013;
Hsiao et al., 2016).

HY-2A (Haiyang-2A), launched in August 2011, is China’s first
marine dynamic environment exploration satellite. The HY-2A
satellite onboard a dual-frequency (Ku and C-band) radar alti-
meter first flew on a 14-day near-repeat polar sun-synchronous
orbit with a mean altitude of 971 km. On March 23, 2016, HY-2A
satellite shifted to the drift orbit with a cycle of 168 days for pre-
cise measurement of the geoid. As one of the primary payloads,
the HY-2A altimeter has collected more than eight years of data.
Many articles had evaluated the data quality of the HY-2A SSH
observations and show that the SSH measurements of HY-2A was
at almost the same level of accuracy as Jason-2 based on cross-
calibration and crossover analysis (Bao et al., 2015;Peng et al.,
2015;Yang et al., 2016). HY-2A/ERM data with a high accuracy
were used to inverse gravity anomalies in the previous articles
(Wan et al., 2017; Guan et al., 2016). Because the ground track
spacing is too large (~200 km at the equator), the HY-2A/ERM
data were combined with GM data from other satellites to invert
gravity anomalies and contributed weakly to the gravity anomaly
inversion results.

Unlike the previous ERM data, the HY-2A/GM data with
dense ocean coverage have a great potentiality for inversion of
the marine gravity field (Zhang et al., 2018). Jiang et al. (2018a)
reprocessed HY-2A altimeter sensor geophysical dataset records
(SGDR) data and performed a cross-calibration analysis between
the reprocessed HY-2A altimeter data and the Jason-2 data. The
evaluation showed that the reprocessed HY-2A data were of good
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quality and was lower than Jason-2 at the noise level.

In the paper, we focused on the performance of HY-2A/GM
data with respect to recovering ocean gravity anomalies. First, the
21 months of reprocessed HY-2A/GM data were used to con-
struct the preliminary ocean gravity anomalies over the waters
around Taiwan Island. Then, the preliminary results were ana-
lyzed and compared with the marine gravity anomalies derived
from CryoSat-2 by the same method. Finally, its performance was
verified and evaluated using the global ocean gravity models and
National Geophysical Data Center (NGDC) shipboard gravity
data.

2 Research area and data

2.1 Research area

The gravity field of the sea around Taiwan Island varies
widely due to the complex terrain. Because it is close to the Pa-
cific Ocean in the east, the depth reaches more than 4 km near
10-20 km offshore. In the meanwhile time, the adjacent East
China Sea, South China Sea and Taiwan Strait have shallow wa-
ter depth and the relatively flat seabed topography. Besides, the
depth of the Taiwan Strait is generally 50 m and there are many
small islands in the region. All that provide a good natural test
area for altimetry gravity research. Therefore, we selected the
area near Taiwan Island (21°-26°N, 119°-123°E) as the research
area for the ocean gravity field inversion (Hwang et al., 2006).

2.2 Data description

Since the HY-2A satellite entered the drift orbit from the early
14-day repeated orbit in March 2016, geodetic data have been
collected for more than three years. The geodetic data with a 168-
day repeat cycle has the potentiality to calculate gravity anom-
alies. Fortunately, we obtained HY-2A SGDR data (including 20 Hz
waveform data) from China’s National Ocean Satellite Applica-
tion Service (NSOAS).

Jiang et al. (2018a) reprocessed the HY-2A SGDR data for the
two years from January 4, 2014 to January 3, 2016 (cycle 60-111)
and compared with the reprocessed Jason-2 radar altimeter data.
The ranging and geophysical error correction methods used to
reprocess HY-2A and Jason-2 data are shown in Table 1.

Compared with Jason-2, the reprocessed HY-2A altimeter
data showed good quality and low noise levels. When the same
geophysical correction methods were used to calculate the SSH

for the two missions, the mean standard deviations of the self-
crossover differences for HY-2A and Jason-2 are 5.24 cm and 5.34 cm,
respectively. These indicate that the SSH measurement of HY-2A
has almost the same accuracy as Jason-2 (Jiang et al., 2018a,
2018b). In the same way, the SSH measurement of HY-2A/GM
data reprocessed with the same ranging and geophysical error
correction terms also has high accuracy.

We selected HY-2/GM SGDR data for nearly 21 months from
March 26, 2016 to December 31, 2017, and re-tracked the alti-
meter waveform using the MLE4 algorithm to obtain a more pre-
cise range between the satellite and the sea surface (Wang et al.,
2013a, b). And the ranging and geophysical error correction
methods shown in Table 1 are used to obtain high-precision SSH
measurements.

To date, CryoSat-2 launched by ESA in April 2010 has been
collecting about 9 years of geodetic data. The CryoSat-2 geodetic
data with a return period of 369 days provided the highest dens-
ity coverage available today, which is an important dataset for
high-resolution global ocean gravity field recovery (Andersen et
al., 2015; Sandwell et al., 2013). For comparison, CryoSat-2 sea
level anomaly data with the same period of HY-2A were obtained
from RADS (http://rads.tudelft.nl). The range and geophysical
error corrections for CryoSat-2 data were set as RADS defaults. As
can be seen from Table 2, HY-2A has comparable passes with
CryoSat-2 at the same time. During the selected period, the num-
ber of observation points of CryoSat-2 is 20% more than HY-2A in
the research region.

The tracks distribution of HY-2A geodetic mission data near
Taiwan Island is shown in Fig. 1a. Figure 1a demonstrates that
the geodetic data collected by HY-2A have a dense geographical
distribution. For comparison, the distribution of ground tracks of
CryoSat-2 in the same period as HY-2A is showed in Fig. 1b. As
shown in Fig. 1b, the trajectory of CryoSat-2 is denser than the
trajectory of HY-2A/GM in Fig. 1a. This is the fact that the cycle of
CryoSat-2 is 369 days, which is more than twice the cycle of HY-
2A/GM data. During the selected period, HY-2A/GM ground
tracks were repeated about 3 times while the trajectory of Cryo-
Sat-2 were only repeated about 1.7 times. Unlike ERM data, their
tracks are dense enough to recover high-resolution gravity field
by themselves.

3 Methodology
The methods for retrieving ocean gravity anomalies from

Table 1. Models and methods used to reprocess the data of HY-2A and Jason-2 altimeters

Correction Reprocessed HY-2A Reprocessed Jason-2
Orbits SGDR GDR-D
Range MLE4 MLE4 in GDR
Dry troposphere correction ERA-interim ERA-interim
Wet troposphere correction ERA-interim ERA-interim

Ionospheric correction
Sea state bias correction

Filtered dual-frequency ionospheric correction
Non-parametric model

Filtered dual-frequency ionospheric correction
Non-parametric model

Geocentric ocean tide correction GOT4.10 GOT4.10
Solid earth tide correction Cartwright and Edden Cartwright and Edden
Pole tide correction Wahr Wahr
Dynamical atmospheric correction AVISO AVISO

Table 2. The statistical information of HY-2A/GM and CryoSat-2 data near Taiwan Island

Mission Cycle/d No. passes No. points Data duration
HY-2A/GM 168 258 10 609 2016-03-26-2017-12-31
CryoSat-2 369 237 12 085 2016-03-28-2018-01-09
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Fig. 1. Distribution of HY-2A/GM (a) and CryoSat-2 (b) ground tracks around Taiwan Island.

satellite altimeter data can be broadly divided into two types: the
geoid method and the deflection of the vertical (DOV) method.
They are based on geoid heights and geoid gradients, which are
obtained by removing the effects of sea surface topography on
the sea surface height and sea surface gradients, respectively. Un-
like the geoid method, the DOV method can suppress the long-
wavelength radial orbit error below the noise level of the alti-
meter by simply taking the along-track geoid gradients. The tedi-
ous crossover adjustment required for the geoid method is elim-
inated in the DOV method. Besides, many long-wavelength sys-
tem errors are also attenuated in the DOV method, such as atmo-
spheric propagation errors, ocean circulation, tidal errors, etc.
The geoid gradient contains rich high-frequency information,
which is beneficial to the inversion of high-resolution ocean
gravity field. Therefore, the DOV method is widely used in many
articles (Sandwell et al., 1997, 2009; Hwang, 1998; Hwang et al.,
2002; Hsiao et al., 2016; Zhang et al., 2017). Sandwell(1992) de-
rived the equations for gravity anomalies and the geoid gradients
based on Laplace’s equation with a flat-earth approximation and
then used the Fast Fourier Transform (FFT) to solve gravity an-
omalies in the spectrum. The Sandwell’s algorithm omits the dif-
ference between gravity anomaly and disturbance gravity.
Hwang(1998) inverted gravity anomalies from the DOV by the In-
verse Vening Meinesz (IVM) formula with a one-dimensional(1-
D)FFT method. Since the 1-D FFT method considers the differ-
ence in calculating the latitude of the spherical surface, the
Hwang's algorithm is more theoretically tight. The DOV method
based on the IVM formula was used in the paper for recovering
marine gravity anomalies from satellite altimeters.

3.1 Computing along-track residual DOV
In the paper, we calculate the DOV by the slope of two suc-
cessive geoid heights N1 and N along the track as

NN
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where ¢ is the DOV, whose geographic location is the mean loca-
tion of the two geoid heights; d is the point spacing. The estim-
ated standard deviation of ¢ can be expressed as
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where 01 and 02 are respectively the standard deviations of N;
and Na.

In order to get really geoid heights, the impact of sea surface
topography between SSH and geoid should be receded. However,
the sea surface topography can not be modeled accurately. It
usually divided into the mean dynamic topography and time-de-
pendent sea surface topography. In general, the average dynam-
ic sea surface topography effect was removed by selecting the ap-
propriate mean dynamic topography model, while the time-vary-
ing sea surface topography was treated as high frequency noise
(Hwang et al., 2002). The remove-restore method was used in the
derivation of gravity anomalies with global gravity model
EGM2008 as the reference model. The gravity field model
EGM2008 with 5'x5’ resolution, complete to spherical harmonic
degree 2 160 (Pavlis et al., 2012), was often used as reference
gravity model in recent articles (Sandwell et al., 2014; Hsiao et al.,
2016; Zhang et al., 2017). During the actual procedure, the SSHs
were differentiated along the track, then along-track residual
geoid gradients were obtained by subtracting the slope of the ref-
erence geoid derived from EGM2008 gravity model and RIO 05
mean dynamic topography model.

3.2 Gridding DOV

The DOV method for inverting ocean gravity anomalies based
on the IVM formula requires the use of a one-dimensional FFT
method. The FFT method is used on a gauge grid with fixed latit-
ude and longitude spacing. Therefore, it is necessary to grid the
along-track DOV before inversion. After removing outliers, the
method of least squares collocation was used to compute the
north and east components of the deflection of the vertical on a
regular grid with 1'x1’ resolution.

3.3 Computing gravity anomalies

During a remove-restore procedure, the gravity anomalies
were computed from gridded north and east residual geoid
gradients by the IVM formula using the gradient of the kernel
function H. The IVM formula can be presented as
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where Ag) is gravity anomaly at the calculation point p; 7o is the
mean gravity; oy is the azimuth from the flow point g to the cal-
culation point p; ¢, and 7, are the north and east components of
the deflection of the vertical, which has the opposite sign to geoid
gradient; o4 is the unit sphere; and H' is the derivative of the Ven-
ing Meinesz kernel function H and is defined as
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where Yy, is the spherical distance from the flow point g to the
calculation point p. When the flow point and the calculation
point coincide, the kernel function will be singular. The contribu-
tion of the innermost zone to the gravity anomaly should also be
considered. The detailed process of the Hwang's algorithm was
introduced in these articles (Hwang, 1998; Hwang et al., 1998).
Finally, the reference gravity model EGM2008 was added back to
the gravity anomalies to establish the 1'x1’ marine gravity grids
near Taiwan Island.

4 Results and discussion

4.1 Gravity inversion results

According to the above method, we transformed along-track
geoid slope derived from HY-2A/GM into marine gravity anom-
alies with a resolution of 1'x1’. To validate the HY-2A gravity an-
omalies retrievals, the gravity anomalies were inverted by Cryo-
Sat-2 data with the same period of HY-2A in the same way. The
statistical information of gravity anomalies derived from HY-2A
and CryoSat-2 data near Taiwan Island as shown in Table 3. The
mean of the ocean results derived from HY-2A and CryoSat-2 are
respectively 9.005 mGal and 9.018 mGal, while their standard de-
viations (STD) are 61.371 mGal and 61.302 mGal, respectively.
Besides, the mean values of their gravity anomalies are almost
equal and the gravity anomaly grid difference has an STD of 3.699 mGal.
As shown in Fig. 2, a good agreement between the two data sets is
found, which verifies that the performance of HY-2A is similar to
CryoSat-2 with respect to recovering marine gravity anomalies.

Figure 3a demonstrates the marine gravity field from the 21
months of HY-2A geodetic data near Taiwan Island. The inver-
sion results in the study area are within [-250, 350] mGal, and
99% of the values are concentrated in the range of +250 mGal. In
order to display the details better, 250 mGal is selected as the
color scale range. The gravity anomaly is very obvious: the east-
ern region is shown in dark blue, while the southeast region is
shown in orange. This is because the east side of Taiwan Island is
close to the steep Pacific Ocean and there are several small is-
lands in the southeast. In addition, most of the western and

Table 3. The statistical information of HY-2A/GM and CryoSat-2
gravity anomaly recovery near Taiwan Island

Dataset Min Max Mean STD
/mGal /mGal /mGal /mGal
HY-2A/GM -240.670 344.758 9.005 61.371
Cryosat-2 -232.441 345.659 9.018 61.302
HY-2A/GMvs Cryosat-2  -13.948 13.924 -0.028 3.699

Liu Qiankun et al. Acta Oceanol. Sin., 2020, Vol. 39, No. 7, P. 127-134

250

2001 N=71 273

150  Bias=-0.028 mGal
STD=3.699 mGal

100 T r—0.998

50 f

o f

-50
-100
-150
=200 1

-250
-250-200 -150-100 -50 0 50 100 150 200 250

HY-2A gravity anomaly/mGal

CryoSat-2 gravity anomaly/mGal

Fig. 2. Scatterplot of HY-2A gravity anomaly versus CryoSat-2
gravity anomaly near Taiwan Island.

northern regions are covered by green, due to the flat seabed of
the East China Sea and the Taiwan Strait. The light blue of the
southwest is caused by the deep sea of the South China Sea. The
gravity anomaly from HY-2A is highly matched with the complex
terrain of the study area, which verifies the validity of the prelim-
inary results.

The gravity field inverted by CryoSat-2 data in the same way is
presented in Fig. 3b. Comparing the picture of HY-2A with Cryo-
Sat-2, we find that their inversion results show similar gravity an-
omalies information. However, in the Pacific Ocean to the east of
Taiwan Island and the adjacent waters southeast of Taiwan Is-
land, there are some small discrepancies between the two results.
Because the trajectory of HY-2A is relatively sparse, the differ-
ence between the two figures may come from the interpolation
error of HY-2A. It is also possible that HY-2A’s unique trajectory
allows it to obtain more terrain information. Whether the dis-
crepancies are due to noise or terrain details is an interesting is-
sue worthy of further study.

4.2 Comparisons with global gravity models

To compare the performance of the gravity anomalies de-
rived from HY-2A/GM and CryoSat-2, we first focused on the ex-
isting global gravity models, such as EGM2008, DTU13 (Ander-
sen et al., 2014) and V23.1 (Sandwell et al., 2014). A point-wise
comparison between the inversion results and the existing global
marine gravity models around Taiwan Island is shown in Table 4.
The mean values of the differences are within 0.118 mGal. For
HY-2A and CryoSat-2, the STD values of the differences between
the inversion results and DTU13 are 3.458 mGal and 3.229 mGal,
respectively, while they against V23.1 are 5.274 mGal and 5.129 mGal,
respectively. With EGM2008 as a standard reference, the STD val-
ues are 3.257 mGal and 2.685 mGal respectively. Comparisons
with the three global marine gravity field model indicates that
HY-2A and CryoSat-2 are at the same level in terms of gravity
field inversion. For both HY-2A and CryoSat-2, we find that the
mean and STD values of the differences against V23.1 are greater
than DTU13 and EGM2008. This may be because the value of
V23.1 represents disturbing gravity, which is slightly larger than
the gravity anomalies derived from DTU13 and EGM2008.

Scatterplots of HY-2A gravity anomaly and CryoSat-2 gravity
anomaly versus the global marine gravity models near Taiwan Is-
land is shown in Fig.4. We can see that the inversion results have
a high coherence coefficient with the global gravity field models,
and HY-2A and CryoSat-2 have high consistency with the same
global ocean gravity field model.
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Fig. 3. Marine gravity field from HY-2A/GM data (a) and CryoSat-2 data (b) near Taiwan Island.

Table 4. The point-wise comparison between the inversion res-
ults and global marine gravity models near Taiwan Island

Model description Mean/mGal STD/mGal
HY-2A/GM vs EGM2008 0.008 3.257
CryoSat-2 vs EGM2008 -0.021 2.685
HY-2A/GM vs DTU13 0.042 3.458
CryoSat-2 vs DTU13 -0.008 3.229
HY-2A/GM vs V23.1 0.118 5.274
CryoSat-2 vs V23.1 0.086 5.129

4.3 Verification against NGDC shipboard gravity

Considering that the STD oge of the differences between HY-
2A and CryoSat-2 is 3.699 mGal, the verification using ship grav-
ity data will be our next step. The US NGDC provides globally dis-
tributed shipboard data and there are 42 tracks near Taiwan as
shown in Fig.5.

In order to make the verification of the shipboard gravity data
more reliable, it is necessary to remove the systematic deviation
and outliers of the shipboard data. The shipboard data were ini-
tially evaluated with EGM2008, and the threshold of 20 mGal res-
ults in the deletion of 3.71% of the total data. Considering the
sparse distribution of the shipboard gravity data, the error will be
larger if the ship survey data are interpolated to the altimeter-de-
rived gravity grids. Therefore, the satellite and EGM2008 grids
were sampled at the shipboard gravity locations resulting in
51 586 points for comparison. Then these shipboard data were
used for verification and the verification results are shown in
Table 5.

We can see that the STD ons is 6.791 mGal for HY-2A vs Ship-
board, while the STD ocs is 6.505 mGal for CryoSat-2 vs Ship-
board. The verification indicates further that the inversion res-
ults of HY-2A and CryoSat-2 are approximately equivalent
against shipboard gravity data. In addition, it can be seen from
Fig.6 that in the case of more than 50 000 data points, the HY-2A
altimeter-derived gravity data has a coherence coefficient of
0.989 with the ship’s measured gravity data. That once again con-
firms the good performance of HY-2A in the recovery of gravity

field. It might be argued that the comparison with shipboard
gravity data is not impressive giving STD around 7 mGal. The
reason is the fact that the shipboard data used for verification is
only simply preprocessed and still contains large noises. In addi-
tion, the gravity field variation around Taiwan is greatly large.
The STD of the gravity anomalies in the region is 61 mGal com-
pared with 27 mGal as the global number.

4.4 Gravity field assessment

To establish the noise contributions of these two gravity grids
derived from HY-2A and CryoSat-2, the independent data from a
shipboard gravity survey were used. Using the three-way vari-
ance approach described in the paper (Sandwell et al., 2013), we
assess the STD of three independent marine gravity data sets for
the research area. The first data set is the gravity data set derived
from HY-2A altimeter, which is based on the first 21 months of
GM data from March 26, 2016 to December 31, 2017. The second
data set is the CryoSat-2 altimeter-derived gravity data set, which
is based on the GM data with the same period of HY-2A. The
third is shipboard gravity data from the NGDC, which contains
all 42 tracks near Taiwan. Assuming the error sources in each
data set are statistically independent, one can write the variance
of the point-wise differences in terms of the individual variances
as follows:

2 2

Ohs 1 0 1 "
ok | = 0 1 1 o2 | . (5)
o2 110 o?

Based on the Eq. (5), we can calculate estimates of the indi-
vidual standard deviations of o= 2.957 mGal; 0c=2.223 mGal;
0s=6.114 mGal. The analysis indicates that the inversion results
of HY-2A have slightly worse precision than the CryoSat-2.
Moreover, their satellite gravity data are much better than the
shipboard gravity data.

Assessing the accuracy of the satellite gravity requires a com-
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Fig. 4. Scatterplots of HY-2A gravity anomaly (a, c, ) and CryoSat-2 gravity anomaly (b, d, f ) versus the global marine gravity

models near Taiwan Island.

parison with more accurate data. Therefore, the data from integ-
rated gravity field model EGM2008 with 5'x5’ resolution are more
suitable than the sparse shipboard gravity data to evaluate the
accuracy of HY-2A and CryoSat-2 gravity. As shown in Table 4,
the HY-2A to EGM2008 STD oy is 3.257 mGal while the CryoSat-
2 to EGM2008 STD ock is 2.685 mGal. Besides, the HY-2A to
CryoSat-2 STD oy still is 3.699 mGal. Just like the above analysis,
we can get estimates of the individual standard deviations of o=
2.922 mGal; 0¢=2.268 mGal; o= 1.438 mGal. The analysis shows
that the EGM2008 data really are much better than the other
satellite data. Compared with NGDC to evaluate the results, the
accuracy of the gravity fields of HY-2A and CryoSat-2 is basically
unchanged, which also confirms the credibility of the results.
Furthermore, HY-2A and CryoSat-2 are at the same noise level in
terms of gravity field inversion and the CryoSat-2 data have
slightly better precision than the HY-2A in the case of 20% more
observation points in the study area. The current results are
based only on the first 21 months of HY-2A/GM data. If HY-2A
can collect 15 years of geodetic data, it can achieve a high-preci-

sion gravity field of 1 mGal.

5 Summary and conclusions

Since HY-2A entered the drift orbit in March 2016, more than
three years of geodetic data have been collected. The paper
presents the preliminary marine gravity field derived from HY-
2A/GM data around Taiwan Island. From the preliminary results
of HY-2A, the complex gravity field distribution near Taiwan Is-
land is clearly displayed. Comparing with the gravity anomalies
from the CryoSat-2 data by the same method, these two data sets
are highly matched. Compared with the gravity data of EGM2008,
DTU13, V23.1 and NGDC, HY-2A has similar performance to
CryoSat-2 in recovering ocean gravity anomalies. These results
show the potentiality for HY-2A to inverse high-resolution grav-
ity anomalies.

The independent data from NGDC shipboard gravity survey
and EGM2008 gravity are used to assess the preliminary marine
gravity fields derived from HY-2A/GM and CryoSat-2 data for the
research area. Regardless of NGDC or EGM2008, the accuracy of
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Fig. 5. Trajectory of NGDC ship-measured gravity data near
Taiwan Island.
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Table 5. Validation information with NGDC shipboard gravity
data near Taiwan Island

Model description mean/mGal STD/mGal
HY-2A/GM vs Shipboard 2.682 6.791
CryoSat-2 vs Shipboard 2.869 6.505
EGM2008 vs Shipboard 2.859 6.020

the gravity field of HY-2A and CryoSat-2 is basically the same.
The marine gravity field derived from the first 21-month HY-
2A/GM data has an accuracy of 2.922 mGal. After 15 years of geo-
detic data collection, HY-2A has the potential to invert 1 mGal
high-resolution ocean gravity field.

At present, it is only the preliminary inversion result. The re-
fined processing can further reduce the noise error and improve
the inversion accuracy, such as optimized re-tracking method
(Guo et al., 2010;Yang et al., 2012; Garcia et al., 2014), filtering
and resampling procedure (Zhang et al., 2017), etc. Nowadays,
the data from HY-2A altimeter are mainly processed and evalu-
ated in the coastal regions. In the future, we will process the data
in the open ocean, inland and ice sheet and compare the data
with some other altimeters such as Jason-2 and SARAL/AItiKa.

b
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Fig. 6. Scatterplots of HY-2A gravity anomaly (a) and CryoSat-2 gravity anomaly (b) versus NGDC shipboard gravity data near Taiwan

Island.
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