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Study areas and marine data distribution

Altimetry data distribution over the
Bermuda region (60°–66°W, 31°–34°N) 
Left to right: Jason-1 GM, Jason-2 GM,
CryoSat-2 LRM, SARAL/AltiKa GM

(b) Northwestern Atlantic 
(20°–90°W, 20°–55°N)

(c) Hawaii area 
(152°–172°W, 15°–30°N)

(d) Aegean Sea 
(22°–28°E, 35°–41°N)

(e) Mariana trench area
(138°–145°E, 30°–43°N)
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The Northwestern Atlantic (20°–90°W, 20°–55°N) is selected as a major study region with obvious influence of the Gulf Stream and typical features of seafloor topography including ridges and fracture zones. The Aegean Sea (22°–28°E, 35°–41°N), the Hawaii area (152°–172°W, 15°–30°N), and the Mariana area (138°–145°E, 30°–43°N) are chosen to further distinguish method-derived differences over regions with a complex coastline and shallow water, steep seamounts and deep water, and an extremely deep ocean trench, respectively. We design our experiments on the basis of measurements from four missions (Jason-1 GM, Jason-2 GM, CryoSat-2 LRM 3.5 year, SARAL/AltiKa GM) to evaluate two different gravity recovery methods. All these altimeter missions provide a dense spatial distribution. 



Residual marine gravity anomalies 
derived from the SSS-based method 
(a) and the SSH-based method (b) 
over the Northwestern Atlantic area. 
The subfigures (c) and (d) show the 
marine gravity anomalies (EGM2008) 
and ocean depth (GEBCO_2020).

Validation information in Northwestern Atlantic

General information of selected boxes

Validation information in selected boxes
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We quantitatively evaluated the calculated marine gravity anomalies derived from the two methods by investigating statistics of misfit between altimetry-derived results and shipborne gravity measurements. These in-situ observations were further divided into three groups with different ranges of distances to the coast and the separate statistics are listed as well. In this study, the coastal zone is roughly selected within 15–50 km to the nearest coastline, while the nearshore is selected where the distance to the coast less than 15 km. Distance to coast larger than 50 km is regarded as open ocean. For the Northwestern Atlantic, both the West Boundary Stream and the Mid-Atlantic Ridge are apparently detected in the residual signals. The SSS-based method has strong signals over the drainage area of the West Boundary Stream and is more easily influenced by high ocean variabilities.



Residual marine gravity anomalies 
derived from the SSS-based method 
(a) and the SSH-based method (b) 
over the Hawaii ocean area. The 
subfigures (c) and (d) show the 
marine gravity anomalies (EGM2008) 
and ocean depth (GEBCO_2020).

Validation information in Hawaii area

General information of selected boxes

Validation information in selected boxes
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For the Hawaii region, the signals around seamounts and islands are strong for both methods, whereas the SSS-based method has ground track patterns of altimeter observations. 



Residual marine gravity anomalies 
derived from the SSS-based method 
(a) and the SSH-based method (b) 
over the Mariana Trench area. The 
subfigures (c) and (d) show the 
marine gravity anomalies (EGM2008) 
and ocean depth (GEBCO_2020).

Validation information in Mariana area

General information of selected boxes

Validation information in selected boxes
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For the Mariana Trench area, the central part of study region has obviously different residual signals for the two methods. The major differences can be attributed to residual long-wavelength oceanographic signals residing in slope gradients and high ocean variability due to the Kuroshio.



Residual marine gravity 
anomalies derived from the SSS-
based method (a) and the SSH-
based method (b) over the 
Aegean Sea area. The subfigures 
(c) and (d) show the marine 
gravity anomalies (EGM2008) and 
ocean depth (GEBCO_2020).

Validation information in Aegean area

General information of selected boxes

Validation information in selected boxes
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For the Aegean Sea, the residual signals of the SSS-based method have larger numerical magnitude at the northern Aegean Sea and the southwest corner of study region. The signals of the SSH-based method have short horizontal stripes over the southern Aegean Sea.



Conclusions
(1) The SSH-based method has minor advantages in the overall accuracy level

because of consistency over both coastal and open ocean areas. The

advantage of the SSH-based method is especially prominent over coastal

regions. The SSS-based method performs better in calculating marine

gravity anomalies over the open ocean.

(2) The SSS-based method is more sensitive to seafloor topography except

when the orientation of topography (e.g., trench) is parallel to the

orientations of altimeter ground tracks. Also, the SSS-based method is more

vulnerable to the energetic western boundary currents, as these generally

flow along the direction of ground tracks.

(3) In the deep ocean areas where the seafloor topography is plain and smooth,

there is no significant difference between the two methods.
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