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The South China Sea is abundant with intense internal tides (ITs) and typhoon-induced near-inertial waves
(NIWSs), which inevitably interact with each other. Based on the numerical simulation results, the interaction
between the M; ITs and typhoon Megi-induced NIWs in the deep ocean near the Luzon Strait is studied. The
interaction gives rise to sum- and difference-frequency waves, denoted as the fM; and Ma-f waves. Results of this
study highlight the contribution of the Ma-f waves to shear enhancement: The kinetic energy of the Ma-f waves is
one order of magnitude smaller than that of the M ITs, but the domain-averaged vertical shear squared caused
by the Ma-f waves is comparable to that of the M; ITs. The IT-NIW interaction is dominated by the product of
vertical internal tidal velocity and vertical shear of horizontal near-inertial velocity, which is followed by the
product of horizontal near-inertial velocity and horizontal shear of horizontal internal tidal velocity. The IT-NIW
interaction influences the evolution of near-inertial kinetic energy through modulating the energy exchange and
near-inertial energy flux, which are site-dependent. In the modulation of energy exchange, the terms associated
with horizontal shear of horizontal internal tidal velocity play crucial roles. Whereas in the modulation of near-
inertial energy flux, the terms associated with vertical shear of horizontal near-inertial velocity are dominant.

1. Introduction

Internal tides (ITs) and near-inertial waves (NIWs) are typical in-
ternal waves, which are ubiquitous in the global ocean. Because ITs are
generated by barotropic tidal currents flowing over varying topogra-
phies in the stratified ocean, intense ITs are usually found near rough
topographies, such as the Luzon Strait (LS) and Hawaiian Ridge
(Simmons et al., 2004; Niwa and Hibiya, 2011, 2014; Miiller, 2013;
Buijsman et al., 2016; Zhao, 2019). Unlike ITs, there are several different
mechanisms that can generate NIWs, including wind, wave-wave
interaction, Lee wave and spontaneous generation, among which wind
is the most important (Alford et al., 2016). Both ITs and NIWs play
crucial roles in enhancing the turbulent mixing in the ocean (e.g. Yang
etal., 2016; Qiao et al., 2022). According to previous estimations (Munk
and Wunsch, 1998; Carter et al., 2012), a total of 2 TW energy is
required to maintain the abyssal ocean stratification with globally
averaged diapycnal diffusivity of 10* m?/s, in which both ITs and
wind-induced NIWs contribute approximately 1 TW. Hence,
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investigating ITs and NIWs is of great importance to understand the
ocean energy cascade.

As the largest marginal sea in the Northwest Pacific Ocean, the South
China Sea (SCS) is famous for the intense ITs therein. Observations show
that the westward IT energy flux radiated from the LS into the SCS could
reach 40 + 8 kW/m and this value exceeds any other known IT gener-
ation site around the world (Alford et al., 2015). At the LS which is the
major generation site of ITs in the SCS, the peak-to-peak baroclinic ve-
locity and vertical displacements often exceed 2 m/s and 300 m,
respectively (Alford et al., 2011). The SCS is also abundant with intense
NIWSs, due to the active typhoons and monsoons. According to Wang
et al. (2007), 10.3 typhoons pass over the SCS per year on average,
which cause significant NIWs (e.g. Chen et al., 2013; Guan et al., 2014;
Yang et al., 2015; Cao et al., 2018; Lin et al., 2022; He et al., 2022). The
typhoons and monsoons also cause seasonal variability of near-inertial
kinetic energy (NIKE) in the SCS, resulting in high NIKE in Novem-
ber-January and low NIKE in April-June (Li et al., 2022). The intense
ITs and NIWs in the SCS inevitably interact with each other, which
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Fig. 1. Bathymetry (shading, unit: m) near the LS and typhoon Megi’s track (the red curve). Time is labeled every one day. (For interpretation of the references to

color in this figure legend, the reader is referred to the Web version of this article.)

generate internal waves with higher vertical wavenumber and make a
considerable contribution to the shear enhancement in the ocean (Xing
and Davies, 2002; Davies and Xing, 2003; Lin et al., 2015; Cao et al.,
2018; Liu et al., 2018; Liang et al., 2019).

Previous studies have demonstrated that on the continental slope
and shelf of the SCS, the product of vertical velocity of ITs and vertical
shear of NIWs dominates over the product of vertical velocity of NIWs
and vertical shear of ITs in the IT-NIW interaction (Xing and Davies,
2002; Davies and Xing, 2003; Guan et al., 2014; Lin et al., 2015; Liu
et al., 2018). However, it is unclear whether this is also valid in the deep
ocean. At the same time, contributions of other terms to the IT-NIW
interaction have not been evaluated. Moreover, previous studies
mainly focus on the sum-frequency waves generated by the IT-NIW
interaction, of which the frequency is equal to the sum of IT frequency
and NIW frequency. However, the difference-frequency waves, of which
the frequency is equal to the difference of IT frequency and NIW fre-
quency, are rarely studied. Furthermore, to what extent the IT-NIW
interaction influences the evolution of NIKE remain unknown. These
questions motivate the present study.

Based on the numerical simulation results, this study investigates the
interaction between the M, ITs and NIWs induced by typhoon Megi
(2010) in the deep ocean near the LS. The paper is organized as follows.
The theory of IT-NIW interaction is introduced in section 2. The data and
methods used in this study are introduced in section 3. The main results
are presented in section 4. Section 5 contains discussions and
conclusions.

2. Theory

The governing equation of the motion in the ocean can be written as

ou

5, T u-Vu = RHS, €h)

in which u=(u, v, w) is the velocity, t is the time, and RHS represents the
right-hand-side terms including the Coriolis force, pressure gradient,
gravity and turbulent viscosity. Assume that there only exist the My ITs
and NIWs in the motion system, and the velocity can be decomposed into
two components:

u=ur + uy, (@3]

in which subscripts 7 and ; denote the My ITs and NIWs, respectively.
Following Hazewinkel and Winters (2011), Onuki and Hibiya (2015)
and Wang et al. (2021), we can get the governing equation for the
near-inertial velocity uyafter substituting Equation (2) into Equation (1)
and making some simplifications:

oy

o +Uf-VuT + uT~Vuf = RHS. 3)

Because both ITs and NIWs are periodic motions, they can be
rewritten as

u; = G(ft) and uy = G(wt), 4

in which G represents the sinusoidal or cosinusoidal function, f is the
Coriolis frequency, and  is the frequency of the My ITs. Combining
Equations (3) and (4), it is easy to know that both us-Vur and ur-Vus
can cause G[(w+f)t] and G[(w — f)t], i.e. the periodic motions with
frequencies of w+f and w-f, corresponding to the fMy and M,-f waves.
Multiplying Equation (3) by ug, we can get the equation for NIKE (Ep):

OE
a_tf“FUf' (up-V)ur +us - (ur - V)uy =RHS. (5)

Note that the water density is not considered in the NIKE in Equation
(5). According to Hazewinkel and Winters (2011), Onuki and Hibiya
(2015) and Wang et al. (2021), uy-(us-V)ur denotes the energy ex-
change between ITs and NIWs, and us-(ur-V)u; modulates the diver-
gence of near-inertial energy flux. Hence, the IT-NIW interaction can
influence the evolution of NIKE through modulating the energy ex-
change and near-inertial energy flux, as Equation (5) can be changed to
OE;

i (uf- V)ur —us- (ur - V)uy + OTH, (6)

where OTH denotes the RHS terms in Equation (5).
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Fig. 2. Depth-averaged power spectral densities (PSDs) of zonal baroclinic velocity at 120°E, 20°N in Exp-T (the black curve) and Exp-TW (the red curve). The
vertical dashed lines indicate the local Coriolis frequency and the M, tidal frequency. The shadings denote the cutoff frequencies for NIWs, M ITs, fMy and Ma-f
waves. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

3. Data and methods
3.1. Data

In this study, the numerical simulation results (Exp-TW) of Cao et al.
(2023a) are used to investigate the interaction between the My ITs and
typhoon-induced NIWs in the deep ocean near the LS. In this experi-
ment, only the M tidal forcing and wind forcing are considered to drive
the Coastal and Regional Ocean COmmunity model (CROCO) to simul-
taneously simulate the My ITs and wind-driven NIWs near the LS. The
simulation domain ranges from 115.5°E to 126.5°E and from 15.5°N to
24.5°N with the LS located at the center (Fig. 1). The domain includes

24°N 1

20°N -

16°N *

four 0.5° sponge layers at the open boundaries. The horizontal resolu-
tion of the model is 1/20° and there are 30 uneven sigma layers in the
vertical direction. In this experiment, the real wind forcing (hourly
Climate Forecast System Reanalysis wind data downloaded from apdrc.
soest.hawaii.edu/data/data.php) in October 2010 is used, which in-
cludes the passage of typhoon Megi (Fig. 1). The M, tidal forcing is
obtained from the Oregon State University global models of ocean tides
(TPXQ7; Egbert and Erofeeva, 2002). The initial stratification is hori-
zontally homogeneous, which is obtained from the horizontally aver-
aged temperature and salinity of the HYbrid Coordinate Ocean Model
reanalysis data (apdrc.soest.hawaii.edu/data/data.php) in the domain
on October 1, 2010. The experiment is run from October 1 to 31, 2010
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Fig. 3. Time-averaged depth-integrated KE (shading, unit: kJ/m?) of (a) the M, ITs, (b) NIWs, (c) /M, and (d) M,-f waves. The red curve denotes typhoon Megi’s
track and the gray curve denotes the 1000 m isobath. Note that the colorbar varies with subfigure. (For interpretation of the references to color in this figure legend,
the reader is referred to the Web version of this article.)
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Fig. 4. Time-averaged vertical shear squared (shading, unit: s~2, in the log form) of (a) the M, ITs, (b) NIWs, (c) fMy and (d) M,-f waves averaged in the upper 1000
m. The red curve denotes typhoon Megi’s track and the gray curve denotes the 1000 m isobath. (For interpretation of the references to color in this figure legend, the

reader is referred to the Web version of this article.)

and the simulation results are output every 1 h. Moreover, the simula-
tion results of Exp-T of Cao et al. (2023a), in which only the M; tidal
forcing is considered, are used as a comparison. Refer to Cao et al.
(2023a) for more details about these experiments.

3.2. Methods

Because the main aim of this study is to investigate the internal
waves generated by the interaction between the My ITs and NIWs, the
forth-order Butterworth bandpass filter is employed to extract these
internal waves. Before filtering, spectral analysis is conducted to
determine the cutoff frequencies for NIWs, My ITs, M, and My-f waves
(Fig. 2). According to the spectral analysis results, the cutoff frequencies
for NIWs, M, and Ma-f waves are set to [0.80, 1.20]f, [0.90, 1.10]fM>
and [0.90, 1.10]Ma,-f, respectively, and the cutoff frequency for the My
ITs is [1.73, 2.13] cpd (Zhao et al., 2010; Guo et al., 2012; Cao et al.,
2017). These cutoff frequencies are sufficiently wide to extract the
corresponding internal waves and narrow enough to separate them from
other internal waves (Fig. 2). Considering the time of typhoon Megi
entering and leaving the study domain as well as the boundary effect of
filtering, the results from October 15 to 24 (a total of 10 days) are used
for the following analysis. Thereafter, the kinetic energy (KE) and ver-
tical shear squared of the My ITs, NIWs, fMy and Ma-f waves are calcu-
lated as:

KE:%,;(&ZHZ), %)

X o0\ 2 2
where 1 and v denote the zonal and meridional velocities of the Mj ITs,
NIWSs, fM, or Ma-f waves, p is the water density and z is the coordinate of
vertical direction. All the terms in us-Vur + ur-Vuy are computed to
evaluate their contributions to the IT-NIW interaction. We also calculate
—uy-(us-V)ur and —ug-(up-V)uy to explore the influence of IT-NIW
interaction on the evolution of NIKE. Because this study mainly

focuses on the IT-NIW interaction in the deep ocean, we only show and
discuss the results where the local water depth exceeds 1000 m.

4. Results
4.1. KE

Fig. 3 displays the time-averaged depth-integrated KE of the My ITs,
NIWSs, My and M,-f waves during the passage of typhoon Megi. It is
clearly shown that large M KE is mainly concentrated at the LS (Fig. 3a),
as it is the major generation site of ITs in the SCS. The My KE is gradually
damped along the eastward- and westward-propagating beams (Miao
et al., 2011), but rapidly damped along the southwestward-propagating
beam. This is consistent with the observed and simulated M, baroclinic
energy flux near the LS (e.g. Zhao, 2014; Guo et al., 2020). Large NIKE
mainly appears along typhoon Megi’s track (Fig. 3b). Moreover, due to
the blocking of the Luzon Island, the NIKE is accumulated to the east of
the Luzon Island and reaches the peak value which is twice as large as
that in the SCS. The fMy and Ma-f KE is concentrated near both the LS
and Megi’s track (Fig. 3c and d). The peak values of the fM3 and My-f KE
are one order of magnitude smaller than those of the M, KE and NIKE,
which is consistent with the spectral analysis result (Fig. 2a) and pre-
vious observations (Lin et al., 2015; Liu et al., 2018). It is worthy to note
that the M,-f waves have larger KE than the fM; waves, with the
domain-averaged Ma-f KE almost 4 times larger than the
domain-averaged fMy KE. This result highlights the importance of the
M,-f waves in the interaction between the M, ITs and NIWs. In addition,
for the NIWs, fM; and M,-f waves, the KE in the upper 1000 m accounts
for more than 90% of the depth-integrated KE. Therefore, we mainly
focus on the results in the upper 1000 m in the followings.

4.2. Vertical shear

Attention is then paid to the vertical shear caused by the M ITs,
NIWSs, fM, and M,-f waves. Because a sigma coordinate is adopted in the
vertical direction in the CROCO, the extracted velocities of the M; ITs,
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Fig. 5. Zonal velocities (shading, unit: m/s) of (a) the M, ITs, (b) NIWs, (c) fM, and (d) M,-f waves at 120°E, 20°N. Note that the colorbar varies for the upper and

lower panels.

(a) M2

Day

Day

Fig. 6. Depth-integrated KE (black curve) and its modal content (colored shadings) of (a) the M ITs, (b) NIWs, (c) fM, and (d) M,-f waves at 120°E, 20°N.

NIWs, fM, and M,-f waves are first linearly interpolated onto 5 m uni-
form vertical layers before the calculation of vertical shear squared
(Equation (8)). Fig. 4 shows the time-averaged shear squared of the My
ITs, NIWs, fMy and Mo-f waves averaged in the upper 1000 m, as the
shear squared in each band below 1000 m depth is at least one order of
magnitude smaller than that in the upper 1000 m. From the perspective
of spatial distribution, the shear squared in each band almost shares a
similar pattern as the corresponding KE (Fig. 3). Large My and near-
inertial shear squared mainly appears at the LS and along typhoon
Megi’s track, respectively, consistent with the fact that high-mode ITs
and NIWs usually dissipate locally and cannot propagate a long distance
away from the generation site (St. Laurent et al., 2002; Alford, 2020).
The fMy and Ms-f waves, as the resulting waves of the interaction be-
tween the My ITs and NIWs, cause significant shear both at the LS and
along Megi’s track. In terms of intensity, the near-inertial shear squared

is one order of magnitude larger than the M shear squared, for both
peak (1.47 x 107552 for NIWs and 5.87 x 10 s~2 for the M, ITs) and
domain-averaged values (2.82 x 107572 for NIWs and 2.36 x 10~ 52
for the M ITs). This result is consistent with observations in the SCS
during typhoon periods (Cao et al., 2019). The shear squared caused by
the My-f waves is stronger than that caused by the My waves for both
peak (1.00 x 10~®s~2 for the fM, waves and 1.52 x 10~®s~2 for the My-f
waves) and domain-averaged values (6.68 x 108572 for the /My waves
and 2.04 x 1077 s72 for the My-f waves). Moreover, it is interesting to
find that the domain-averaged shear squared caused by the My-f waves is
comparable to that caused by the M, ITs. Considering that the Ma-f KE
(Fig. 3d) is one order of magnitude smaller than the M KE (Fig. 3a), this
result highlights the contribution of the Mjy-f waves to shear
enhancement.

The stronger vertical shear caused by the NIWs (Ma-f waves)



A. Cao et al.

Deep-Sea Research Part I 217 (2025) 104452

Table 1

Proportions (%) of modal KE in the total KE for the M, ITs, NIWs, fM5 and M,-f waves at 120°E, 20°N.
Mode 1 2 3 4 5 6 7 8 9 10
M, ITs 47.9 12.1 17.7 19.6 1.8 <1.0 <1.0 <1.0 <1.0 <1.0
NIWs 2.0 22.5 29.7 6.9 11.3 5.3 3.4 5.3 3.6 4.6
/M, waves 12.3 53.5 20.5 3.1 4.0 <1.0 <1.0 <1.0 <1.0 <1.0
M,-f waves 7.6 9.6 6.0 8.8 9.2 10.2 17.7 9.9 7.6 3.3

(a) uTau/ax

24°N

20°N

(b) vy0u oy

(c) wTautjaz

16°N

116°E 120°E 124°E 116°E

120°E
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Fig. 7. Time-averaged magnitude (shading, unit: m/s?, in the log form) of (a) urduy/ox, (b) vrouy/dy, (c) wydug/ 0z, (d) upur/ox, (€) viour/dy, and (f) wour/oz averaged

in the upper 1000 m. The gray curve denotes the 1000 m isobath.

compared to the My ITs (fM; waves) is attributed to their more complex
vertical structure. As displayed in Fig. 5, the M3 ITs and fM5 waves show
apparent dominance of low modes (mode-1 and mode-2), whereas the
NIWs and My-f waves exhibit signature of high modes (higher than
mode-3). To further demonstrate this, modal decomposition (e.g. Zhao
etal., 2010;Cao et al., 2023b) is conducted for the M, ITs, NIWs, fM3 and
M,-f waves at 120°E, 20°N, and corresponding results are displayed in
Fig. 6 and Table 1. It is clearly shown that mode-1 dominates the My ITs,
which accounts for 47.9% of the total My KE, and mode-2 dominates the
Mz waves, which accounts for 53.5% of the total fMy KE. In contrast, the
NIWs are dominated by mode-3 and Ms-f waves are dominated by
mode-7. Moreover, for both the My ITs and fMy waves, their KE is mainly
concentrated in the first five modes, the sum of which accounts for more
than 90% of the total KE, and mode-6 to mode-10 are negligible. In
contrast, mode-6 to mode-10 play non-negligible roles in the NIWs and
M,-f waves, contributing 22.2% of the total NIKE and 48.7% of the total
Ma-f KE. These results indicate that the differences in modal content lead
to variations in the vertical structure and hence shear intensity among
the My ITs, NIWs, My and M,-f waves.

4.3. Contribution of each term in the IT-NIW interaction

In the interaction between the M, ITs and NIWs, the advection term
us-Vur + ur-Vuy in the momentum equation generates the fM» and Ma-f
waves (Equation (3)). For each component of velocity (u, v and w), the
advection term can be divided into six terms. In the following, we will
show the magnitude of these six terms for zonal velocity u as an example.
Similar results are found for the other velocity components. The six
terms for zonal velocity u are urduy/ox, vrous/dy, wrdug/0z, uur/ox,

vfour/dy, and wpur/oz, of which the time-depth-averaged magnitude is
shown in Fig. 7. It is easy to find that in the interaction between the My
ITs and NIWs, the product of vertical internal tidal velocity and vertical
shear of horizontal near-inertial velocity (wrduy/0z; Fig. 7c) dominates
over the other five terms, and the product of vertical near-inertial ve-
locity and vertical shear of horizontal internal tidal velocity (wpur/0z;
Fig. 7f) is the weakest among the six terms. On the average, wduy/0z is
1-2 orders of magnitude larger than wpur/0z. This is consistent with
previous observations and simulations on the continental slope and shelf
of the SCS (Xing and Davies, 2002; Davies and Xing, 2003; Guan et al.,
2014; Lin et al., 2015; Liu et al., 2018). As for the other four terms, the
product of horizontal internal tidal velocity and horizontal shear of
horizontal near-inertial velocity (urdus/dx and vrous/dy; Fig. 7a and b) is
a little larger than wpur/0z, which is one order of magnitude smaller
than wrduy/dz; whereas the product of horizontal near-inertial velocity
and horizontal shear of horizontal internal tidal velocity (uur/dx and
vour/dy; Fig. 7d and e) is approximately 1/6 to 1/3 of wrduy/0z on the
average. Based on these results, we can conclude that in the deep ocean
near the LS, the interaction between the My ITs and NIWs is also
dominated by the product of vertical internal tidal velocity and vertical
shear of horizontal near-inertial velocity, which is followed by the
product of horizontal near-inertial velocity and horizontal shear of
horizontal internal tidal velocity, whereas the other terms can be
neglected.

4.4. Influence of IT-NIW interaction on the evolution of NIKE

According to Equation (6), the interaction between the M, ITs and
NIWs can modulate the energy exchange between ITs and NIWs [ —
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Fig. 9. Time-averaged value (shading, unit: m?/s%) of each term in —uy-(us -V)ur averaged in the upper 1000 m. The gray curve denotes the 1000 m isobath.

uf~(uf -V)uT] and near-inertial energy flux [—us-(ur-V)usl, which
finally influence the evolution of NIKE. To understand these influences,
Fig. 8 displays the time-depth-averaged values of — uy- (u;-V)ur and
—uy-(ur -V)uy. In terms of intensity, —us-(ug-V)ur and —ug- (ur-V)uy
are comparable, suggesting that their influences on the evolution of
NIKE are similarly significant. The signs of —uy-(u;-V)ur and —uy-
(ur-V)uy indicate that the interaction between the M ITs and NIWs on
the evolution of NIKE can either enhance or reduce their magnitude.

This influence is site-dependent. Moreover, 7uf-(uf ~V)uT has more
small-scale variations than —u;-(ur-V)uy.

Figs. 9 and 10 further display the contribution of each term to
—uy-(us-V)ur and —ug-(ur -V)uy, respectively. It is interesting to find
that the ITs and NIWs have different influences on —uy-(us-V)ur and
—uy-(ur -V)uy. In the modulation of energy exchange between ITs and
NIWs [ — us(ug-V)ur], the terms associated with horizontal shear of
horizontal internal tidal velocity (Fig. 9a, b, 9d and 9e) play crucial roles
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and other terms are too small to be noticed. In contrast, the terms
associated with vertical shear of horizontal near-inertial velocity
(Fig. 10c and f) are dominant in the modulation of near-inertial energy
flux and other terms can be neglected. We believe that these results
deepen our understanding of the evolution of NIKE under the IT-NIW
interaction.

5. Discussions and conclusions

In this study, we explore the interaction between the My ITs and
typhoon Megi-induced NIWs in the deep ocean near the LS based on the
numerical simulation results. Results of this study highlight the impor-
tance of the My-f waves to the shear enhancement. Although the KE of
the My-f waves is one order of magnitude smaller than that of the M ITs,
the domain-averaged vertical shear squared caused by the My-f waves is
comparable to that of the My ITs. The reason is that the My-f waves have
a large proportion of high modes whereas the M, ITs are dominated by
low modes (Figs. 5 and 6), which have been demonstrated by in situ
observations (Cao et al., 2018). The My-f waves also cause intense shear
in another IT-NIW interaction, i.e. resonant triad interaction
(Nikurashin and Legg, 2011; Liang and Wunsch, 2015; Wang et al.,
2021). Note that the IT-NIW interaction investigated in this study and
resonant triad interaction are different: In the former, both the ITs and
NIWs are parent waves and the fMy and My-f waves are child waves
(Section 2); whereas in the latter, only the ITs are the parent wave and
the My-f waves and NIWs are child waves (Nikurashin and Legg, 2011;
Liang and Wunsch, 2015; Wang et al., 2021). Given that both the IT-NIW
interaction investigated in this study and resonant triad interaction are
ubiquitous in the ocean, the internal waves with the frequency equal to
the difference of those of ITs and NIWs should be taken into

consideration for the improvement of parameterizations of turbulent
mixing driven by internal waves.

The contribution of each term to the IT-NIW interaction in the deep
ocean near the LS is evaluated. Results indicate that the product of
vertical internal tidal velocity and vertical shear of horizontal near-
inertial velocity dominates over the other terms, and the product of
vertical near-inertial velocity and vertical shear of horizontal internal
tidal velocity is the weakest. This result is consistent with observations
in the shallow water in the SCS (Guan et al., 2014; Lin et al., 2015; Liu
et al., 2018). As for the products of horizontal internal tidal (near--
inertial) velocity and horizontal shear of horizontal near-inertial (in-
ternal tidal) velocity, which cannot be evaluated by observations from
one single mooring, they are not negligibly weak. Actually, the product
of horizontal near-inertial velocity and horizontal shear of horizontal
internal tidal velocity can reach 1/6 to 1/3 of the product of vertical
internal tidal velocity and vertical shear of horizontal near-inertial ve-
locity, which makes a considerable contribution to the IT-NIW
interaction.

The IT-NIW interaction also affects the evolution of NIKE by modu-
lating the energy exchange and near-inertial energy flux. However, the
modulations of energy exchange and near-inertial energy flux are
contingent upon the specific site characteristics. Moreover, the ITs and
NIWs are found to have different influences on the modulations of en-
ergy exchange and near-inertial energy flux. In the modulation of energy
exchange, the terms associated with horizontal shear of horizontal in-
ternal tidal velocity are dominant. Whereas in the modulation of near-
inertial energy flux, the terms associated with vertical shear of hori-
zontal near-inertial velocity are important.
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