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ON THE POSSIBILITY OF OCEAN BATHYMETRY BY
USING SATELLITE REMOTE SENSING
WITH ALTIMETER

Yasuhiro Ganeko* and Kazuo Tukahara*

Abstract

Recently great improvements have been made in satellite altimetric techniques, especially with
the altimeter on board the ocean observation satellite “Seasat”. An altimeter can measure undula-
tions on the sea surface with a resolution of 10cm, and improved accuracy is expected with the
forthcoming altimeter satellite “Topex”, which is scheduled to be launched in 1990,

Undulations of the sea surface are caused by the anomalous potential based on non-uniformly
distributed mass inside the earth or in the sea bottom features. A small part of sea surface un-
dulations is caused by oceanographic phenomena. The relation between altimetric sea surface un-
dulations obtained by the use of Seasat and sea bottom features is investigated along some Seasat
passes in the western Pacific off the coast of Japan. The area is well surveyed, and a
bathymetric data file has prepared for various applications by the Japan Oceanographic Data
Center.

The correlation between the short-wavelength component of the sea surface profile and that of
the sea bottom profile is very good. Consequently, it may be céncluded that the bathymetric data
file used is well compiled, and that altimetric sea surface profiles can be applied in the detection

of seamounts in poorly surveyed or unsurveyed areas.
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Figure la. A model seamount without compensation.
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Figure 1b. A model seamount with a compensation structure.
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Table 1.  Geoid anomaly for modeled sea mounts

Peak Geoid Anomaly
R r, H Completely Compensated
Uncompensated
D=5km D=20km D=100km
2km 0.42km 0.5cm 0.2cm 0.3cm 0.4cm
4 0.84 4 1 3 3
6 1.26 12 4 8 11
8 1.68 26 10 18 24
10 2.10 48 19 33 44
12 2.52 77 32 52 70
14 2.94 114 49 76 103
16 3.36 159 70 104 143
18 3.78 213 95 137 190
20 4.20 275 125 175 244
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Figure 2. Geoid anomaly caused by model seamounts with a compensation condition of variable

crustal thickness which is denoted by D.
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Figure 3. Sea surface features for model seamounts with the same compensation conditions as

Figure 2.
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Figure 4. Sea surface features over a trench-like sea bottom and a conical dent on the sea

bottom with the same cross section as the trench.
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Subsatellite tracks of Seasat used in this study overlayed on a bathymetric chart.

Figure 5.
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Figure 6. Bathymetric profile (solid line) and sea surface height (SSH) profile (dotted line)
for Seasat’s subsatellit tracks crossing the trench, lower half of each figure, and the
short-wavelength components of SSH and bathymetric features, upper half of each
figure.
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Figure 7. Bathymetric profile (solid line) and sea surface height (SSH) profile (dotted line)
for Seasat’s subsatellite tracks crossing ridges and seamounts, lower half of each
figure, and the short-wavelength components of SSH and bathymetric features, up-
per half of each figure. Symbols A-E denote ridges shown in Figure 5 and Figure

8. Symbols SM1-SMX denote seamounts shown in Figure 8.
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Table 2. Covariance between bathymetric and altimetric sea surface height (SSH) profiles along
Seasat passes crossing the trench

Filter 1* Filter 2**
Rev. No.
Covar. Coeff. k x 1073 Covar. Coeff. k x 10-3
463 0.88 1.25 0.88 1.38
506 0.86 1.81 0.87 2.08
578 0.82 1.67 0.89 2.37
1295 0.91 2.74 0.93 3.19
Average 1.86 2.26

* running mean width : 260 km
** running mean width : 430 km
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Table 3. Covariance between bathymetric and altimetric sea surface height (SSH) profiles along
Seasat passes over seamount and ridge area

Filter 1* Filter 2**
Rev. No.
Covar. Coeff. k x 10-3 Covar. Coeff. k x 1073

449 0.79 0.53 0.62 0.45
492 0.69 0.53 0.62 0.52
527 0.78 0.88 0.71 0.96
542 0.85 0.82 0.80 0.86
570 0.63 0.45 0.47 0.46
585 0.89 0.65 0.79 0.75
1152 0.85 0.78 0.72 0.75
Average 0.66 0.68

* running mean width : 260 km
% running mean width : 430 km
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Figure 8. Subsatellite tracks of Seasat for Revs. 570 and 572 shown on a detailed
bathymetric chart taken from Bathymetric Atlas in the Northwest Pacific (JODC,
1984).
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Figure 9. Sea surface features over a simply modeled seamount with the same size of SM 2
in Figure 8 for the case of no compensation.
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