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Fig. 7. Model-simulated cross-sectional snapshot along 167°E of vertical displacement due to the M3 internal
tide generated over the Hawaiian ridge. (Niwa and Hibiya, 2001)
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Fig. 8. Model-simulated distribution of the depth-integrated kinetic energy of the My internal tide (Niwa
and Hibiya, 2001). Small stars denote the locations of previous microstructure measurements of diapycnal
mixing rates (Gregg, 1998) and thick solid lines denote the ship tracks along which XCP observations were

carried out (Nagasawa et al., 2002).
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Fig. 9.

Model-simulated distribution of the depth-integrated conversion rate from My barotropic to baroclinic

tide energy. The conversion rate integrated within the area including each prominent bottom topography is

also shown. (Niwa and Hibiya, 2001)
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Fig. 10. Global distribution of the wind-induced inertial energy input per unit ocean surface during three
months for each season which is averaged over 7 years from 1989 through 1995. (Watanabe and Hibiya,
2002)

TIME= OTi TIME= 4Ti TIME=10Ti
102 . sal oot a ] sl e 102 2 Ry} P 1 FE— . al ‘e 102 . sddiaad il byt l
3 Eo. E Eo. E
= g ] £
8— 101§ EON 1011:1 E N 10‘-E E
- E e E EC ] :
® ] [ o i [ o ] [
Q.
g’ 100_E 3 (?). 100'5 E © 100-5 3
° 3 F o E F o 3 3
b - I © - t © ] L
3 4 - 3 4 g 4
101 4 L 21071 4 E - 107 5 -
b E — 3 Eou 3 E
T T T T, =TT . L Ty T T ug T T T T T T T T
10-3 10-2 10-1 1073 10-2 10! 103 10-2 10-1
Vertical Wavenumber (cpm) Vertical Wavenumber(cpm) Vertical Wavenumber (cpm)

Fig. 11. Time variation of the vertical wave number spectrum of horizontal current shear. The spectra at the
start of the calculation, 4 inertial periods, and 10 inertial periods are shown. Note that the Garrett-Munk
internal wave spectrum is employed as an initial condition. (Hibiya et al., 2002)
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(upper panel) Time variation of the ratio of the perturbed spectrum to the unperturbed, freely

decaying reference spectrum in two-dimensional wave number space at 28°N after the energy spike of the
first vertical mode M, internal tide is injected. The spectra at the start of calculation, 4 inertial periods,
and 10 inertial periods are shown. Note that the energy spike is injected at the lower left portion in the
spectrum. (lower panel) As in upper panel but for the spectrum at 48°N (Hibiya et al., 2002)
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Fig. 16. Model-simulated distribution of (left) the depth-integrated conversion rate from the My barotropic to
baroclinic tidal energy, (middle) the divergence of the depth-integrated My baroclinic energy flux, and (right)
the difference between them (the baroclinic energy flux divergence minus the baroclinic conversion rate) in
the Bashi/Luzon Strait. The background contours show the bathymetry (contour interval is 1,000 m). (Niwa

and Hibiya, 2004)
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Fig. 17. Composite frequency spectrum of horizon-
tal kinetic energy at the location of (165°E, 31°N)
at the depth of 2,600 m for the time period dur-
ing which the storm-generated mixed layer inertial
current energy within the horizontal distance of
2,000 km from (165°E, 31°N) becomes more than

twice the annual mean. The thin solid line shows

the frequency spectrum of horizontal kinetic en-
ergy averaged over the whole observation period
which compares to the Garrett-Munk spectrum
(see Fig. 4). The local inertial (f) and double-
inertial (2f) frequencies and the semidiurnal tidal
frequency (Mjy) are marked. Shading denotes the
90% confidence range of each spectral estimate.
(Niwa and Hibiya, 1999)
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Fig. 18. Global distribution of diapycnal diffusivity estimated by incorporating the observed diapycnal diffu-
sivities from expendable current profiler (XCP) surveys in the north Pacific into the global distribution of
model-simulated energy density of the semidiurnal internal tide. (Hibiya et al., 2006)
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Numerical Studies about the Spatial Distribution of
Internal Wave Energy Available for Deep Ocean Mixing

Yoshihiro Niwa 1

Abstract

Internal waves are ubiquitous phenomena in the ocean with the scales ranging
from mesoscales to microscales. They are generated mainly by tide-topography
interactions and atmospheric disturbances. It is widely recognized that internal
waves play crucial roles in the ocean dynamics. Internal wave energy, generated
at large scales, is cascaded across the internal wave spectrum to small dissipa-
tion scales through nonlinear wave-wave interactions causing diapycnal mixing
in the deep ocean. Thus induced diapycnal mixing is believed to have a strong
influence on the global-scale thermohaline circulation. Hence, clarifying the
global distribution of the diapycnal diffusivity is essential for accurate model-
ing of the thermohaline circulation and hence climate. As a basic study for this
subject, we have carried out numerical experiments to show that both tide-
and wind-generated large-scale internal waves are inhomogeneous in space and
time, reflecting the distribution of prominent topographic features and travel-
ing storms, respectively. Furthermore, we have found that the energy cascade
of the low-mode semidiurnal internal tide waves is promoted only in the lat-
itudes below 30°, which is consistent with the nonlinear resonant interaction
mechanism called “Parametric Subharmonic Instability” (PSI). These results
suggest that the distribution of the diapycnal diffusivity in the global ocean is
strongly anisotropic depending on the latitude, as well as the generation sites

of large-scale internal waves.

Key Words : internal wave, turbulent mixing, internal tide, thermohaline circulation,

nonlinear interaction
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