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Numerical Simulation of the Internal Tidal Wave Field in the Global Ocean
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Internal tidal waves are ubiquitous phenomena in a stratified ocean where they are generated in response to tidal

flows incident upon bottom topography. In this study, we investigate the global distribution of the semidiurnal

and diurnal internal tidal wave fields using a hydrostatic sigma-coordinate numerical model. The model results

show that energetic internal tidal waves is generated over the limited prominent topographic features such as

those in the Indonesian Archipelago, the continental shelf slope in the East China Sea, and the mid-ocean ridges

such as Hawaiian Ridge. By comparing the model results with current observations, it is found that the generated

internal tidal waves can propagate a very long distance of more than several thousand kilometers across the open

ocean. The conversion rate from the surface to internal tides integrated over the global ocean amounts to about
800GW, and nearly 25% of which is dissipated in the deep ocean.
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Fig.1: The whole model domaln together with the bottom topography. Block-shaped areas enclosed by thick yellow line
show the regions including prominent topographic features.
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M, internal tidal wave.

Fig. 2: Model predicted distribution of the depth-integrated kinetic energy of the
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Fig. 3: The model predicted distribution of vertical isopycnal

displacement of the M, internal tidal waves at a depth of
1000m in the mid-latitude North-Western Pacific.
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Fig. 4: As in Figure 2 but for the K, internal tidal wave.
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Fig. 5: As in Figure 3 but for the K, internal tidal wave.
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Fig.6 : Model predicted distribution of vertical isopycnal displacement of the M, internal tide at a depth of 1000m after 5days, 10days,
20days, 30days from the start of the calculation. The results of calculation with a 30-day damping are shown.
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Fig.7: Locations of the long-term mooring stations at which observed
current data and the model results are compared.
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Fig.8: Scatter plot comparing the first vertical-mode semidiurnal internal
tidal wave kinetic energy predicted by the model (abscissa-axis) and
that observed at locations shown in figure 5 (ordinate-axis). The
model results with 5-day damping (upper-left), 15day-damping
(upper-right), 30-day damping (lower-left), 60-day damping
(lower-right) are compared.
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Fig.7: The conversion rate from the M, barotropic to internal tidal
energy integrated over full water column within each 5°(longitude)

x 5°(latitude) area.
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Fig. 8: As in Figure 7 but for K, internal tide.
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Fig9: Conversion rates of the M,, S,, K, and O, internal tides
integrated over the prominent topographic features shown in
figure 1.
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Fig.10: The dissipation rate of the M,, S,, K;, and O, internal tidal
wave energy integrated over the full water column within
each 5°(longitude) x 5°(latitude) area.
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Fig.11: Depth distribution of the dissipation rate of the M,, S,, K,
and O, internal tidal energy.
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Fig.12: Cumulative depth distribution of the dissipation rate of
the M,, S,, K,, and O, internal tidal energy.
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