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High-frequency motions in the southeastern South China Sea (SCS) have rarely been
investigated due to sparse field observations. The vertical distribution and temporal
variation of internal tides (ITs) and near-inertial waves (NIWs) near the Nansha area in
the southeastern SCS were studied using a mooring current dataset from December
2018 to June 2019 in this study. Results showed that ITs were mainly dominated by O1,
K1, and M2. Tidal energy analysis indicates that the diurnal ITs were the most energetic
components, followed by the semidiurnal ITs. Modal decomposition reveals that diurnal
ITs were dominated by mode-3, rather than mode-1, as reported by previous studies.
The horizontal kinetic energy (HKE) of diurnal ITs fluctuated within a limited range, almost
unaffected by the background field. However, the HKE of semidiurnal ITs was dominated
by mode-1 and more affected by the background field, especially at the end of March.
Most observations showed the phase of the NIWs propagating upward and the energy
propagating downward. During the northeast monsoon period, the near-inertial energy
had a large magnitude due to strong wind forcing. In addition, the near-inertial energy
peaked from the middle of March to the beginning of April because of the input of NIWs
from afar. Overall, near-inertial energy was found concentrated above a 500–600 m
depth in the southeastern SCS.

Keywords: internal tides, near-inertial waves, horizontal kinetic energy, modal decomposition, the southeastern
South China Sea

INTRODUCTION

Internal waves occur in stratified ocean with frequencies between the Coriolis frequency and the
buoyancy frequency (Alford, 2003; Helfrich and Melville, 2006). Internal tides (ITs) and near-
inertial waves (NIWs) are the most energetic components of internal waves; both play significant
roles in oceanic mixing and circulation. ITs are generated when barotropic currents pass over
abrupt topography (Garrett and Kunze, 2007; Xu et al., 2013). NIWs can be triggered by different
mechanisms, such as non-linear interactions, surface wind forcing, geostrophic adjustment, and
lee waves over ocean topography (Alford, 2003; van Aken et al., 2007; Xu et al., 2013; Alford
et al., 2016). After the generation of ITs, high-mode components dissipate locally, while low-mode
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components propagate a long distance and their energy
can enhance ocean turbulent mixing via many dissipation
mechanisms (Alford and Zhao, 2007; Xie et al., 2008, Xie et al.,
2011; Shang et al., 2015).

The ITs and NIWs in the South China Sea (SCS) have been
observed frequently and have become the focus of extensive
research. The strongest ITs throughout the world are generated
in the Luzon Strait and then propagate into the northern SCS
and the Pacific (Duda et al., 2004; Duda and Rainville, 2008; Liu
et al., 2019). Jan et al. (2007), considering a three-dimensional
non-linear mode, found that the more complex topography in
the southern SCS can trigger local ITs with different wavelengths.
Monsoons and extreme weather events can trigger NIWs locally
in the SCS. Based on four sets of mooring data, Guan (2014)
considered that due to the influence of monsoons, the near-
inertial energy in the upper layer in the northern SCS in winter
was 30–106% stronger than in summer, while in the deep layer in
winter, it was 18–88% stronger than in summer.

Xie et al. (2010) found that tidal super-harmonic and sub-
harmonic motions in the northern SCS mainly arose from
parametric sub-harmonic instability (PSI). PSI is a non-linear
weak interaction that can cause energy conversion among NIWs
and waves with other frequencies. Qiu et al. (2019) implied that
in summer and autumn in the northern SCS the stratification
would increase. Guo et al. (2012) pointed out that the strong
stratification is favorable for preserving the internal tidal energy
and maintaining the IT waveform. Xu et al. (2013) showed that
semidiurnal ITs with a multimodal structure can be more affected
by a background current field and stratification structure than
diurnal ITs. Moreover, NIWs observed in the northern SCS are
considered to be caused by wind forcing, geostrophic adjustment,
and the reflection of downward propagating NIWs from seafloor
or the thermocline.

Shang et al. (2015) found that diurnal ITs in the west Nansha
area were dominated by mode-1, while semidiurnal ITs had a
more intermittent and multimodal structure. In addition, there
was a semi-annual cycle in the diurnal barotropic currents due
to the interference of K1 and P1 in the Nansha area. Liu et al.
(2016) revealed that the energy of coherent and incoherent ITs in
the western Nansha area accounted for 64% and 36% of internal
tidal energy, respectively. Through calculation of a forcing term,
the southeast and northeast of the Nansha area are considered to
be the two main generation regions of ITs in the south of the SCS.
Liang et al. (2016) indicated that mode-1 and mode-3 diurnal ITs
contained most of the diurnal IT energy on the slope northwest
of the SCS, and the semidiurnal ITs were dominated by mode-1.

Mesoscale eddies are considered to have potential impacts
on mixing in the deep ocean. The existence of warm eddies
is more conducive to propagation of near-inertial energy
through the mixing layer toward the deep ocean, while cold
eddies will hinder propagation (Benjamin and Shay, 2010). Liu
et al. (2019) suggested that low-mode diurnal energy can be
transferred to higher modes by near-critical reflection on the
slope. Considerable energy still existed in semidiurnal ITs on
the shelf in the northeastern SCS. Gao et al. (2019) found that
moderate or weak wind curl favors the downward propagation
of NIWs. In contrast, although strong cyclones can bring more

energy, the energy will be limited to the upper layer. In addition,
a large negative or positive sea level anomaly (SLA), which can
accumulate large shear in the pycnocline, is also not suitable for
NIWs to propagate deeper.

The southeastern SCS is studded with many islands and sea
hills. However, the characteristics of the ITs and NIWs in this
area are still unclear because of scarce in-situ observation. To
reveal the characteristics of internal waves in this area, a mooring
with an acoustic Doppler current profiler (ADCP) was deployed
near the eastern Nansha area of the southeastern SCS and the
observed data were used to analyze and record the structure and
variation in this area.

DATA AND METHODOLOGY

Mooring Data
Using an ADCP, the ocean current velocity at 9.66◦N, 115.33◦E
(Figure 1) from December 7, 2018, to June 24, 2019, was
recorded. Based on this, we set out to study the internal waves
in the eastern Nansha area. The whole observation time included
both the monsoon onset period and the monsoon transition
period. Our mooring station was set on a slope surrounded
by complex topography, with a water depth of 1,350 m. The
75-kHz up-looking ADCP was positioned at 750 m, covering
the depth from 157 to 741 m with a vertical interval of 8 m,
and measured the currents every 30 min. The surface layer
of ADCP was neglected due to large fluctuation. In order to
facilitate the subsequent processing of the data, the ADCP
velocity profile data were linearly interpolated vertically to 5-m
intervals from 175 to 740 m.

The time series of the raw current velocity is displayed in
Figure 2. It can be seen that the currents varied greatly with
time and depth during the observation period. From December
to January, the area was dominated by southeastward currents.
Then, it changed into northeastward currents starting from
January. During mid-April, the currents showed a two-layer
structure: northwestward in the upper layer (165–300 m) and
northeastward in the lower layer (300–740 m). Gradually, the
currents transformed into northeastward in the upper layer and
northwestward in the lower layer in May.

To further study the generation and propagation mechanism
of internal waves, we also used the following public datasets:
monthly average thermohaline data with 0.25◦ × 0.25◦
resolution from the World Ocean Atlas 2018 (WOA18)1,
hourly 10-m wind speed and wind stress curl data with
0.25◦ × 0.25◦ resolution from the European Center for
Medium-Range Weather Forecasts (ECMWF)2, and daily SLA
and geostrophic current data with 0.25◦ × 0.25◦ resolution
from the Copernicus Marine Environment Monitoring Service
(CMEMS)3. To document barotropic tides at the observation
station, we used tidal mode data from the Oregon State Ocean

1https://data.nodc.noaa.gov/thredds/catalog.html
2https://cds.climate.copernicus.eu
3http://marine.copernicus.eu
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FIGURE 1 | Topography of the south of the South China Sea (A), using the topographic data obtained from ETOPO1
(https://www.ngdc.noaa.gov/mgg/global/global.html). The black triangle is the mooring station. Zonal topography and observing profile of the mooring station (B),
where the water depth is 1,350 m. The 75 kHz up-looking ADCP was positioned at 750 m, measuring the velocity from 157 to 741 m.

FIGURE 2 | Time series of the meridional (A) and zonal (B) components of current velocity (m/s) at the mooring station.

Topography Experiment/Poseidon 7.2 (TPXO7.2, Egbert and
Erofeeva, 2002) with 1/30◦ resolution in the China Seas.

Rotary Spectra
Rotary spectra, which can be used for diagnosing the direction
of the rotation of horizontal velocity with time or depth,
are a kind of spectral analysis first proposed by Gonella
(1972). The rotary spectra of time series are called rotary
frequency spectra, while the rotary spectra of vertical space

are named rotary wave number spectra. Its basic theory is as
follows:

WKB-scaled velocity vector can be written in the complex
form:

Ww(t) = uw (t)+ ivw (t) (1)

WKB-scaled velocity is computed by,

uw(z, t) = u(z, t)/(
N(z)

—
N

)
1
2 (2)
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vw(z, t) = v(z, t)/(
N(z)

—
N

)
1
2 (3)

where N(z) is the profile of buoyancy frequency calculated by
WOA18 salinity and temperature, and N̄ is the depth-average
buoyancy frequency.

After Fourier transforms, uwt and vwt can be written as
follows:

uw(t) = a1 cos σt + b1 sin σt (4)

vw(t) = a2 cos σt + b2 sin σt (5)

The equation of velocity is:

uw(t)+ ivw(t) =W+eiθ t +W−e−iθ t (6)

W+ =
1
2
[(a1 + b2)+ i(a2 − b1)] (7)

W− =
1
2
[(a1−b2)+ i(a2 + b1)] (8)

Clockwise spectrum is defined as:

S− =W−W∗−/2 (9)

Counterclockwise spectrum is defined as:

S+ =W+W∗+/2 (10)

∗ denotes the conjugate complex number.

Band-Pass Filtering and Harmonic
Analysis
A fourth-order Butterworth band-pass filter was used to
separate the diurnal, semidiurnal, and near-inertial components
according to the rotary spectra. Accordingly, the cutoff
frequencies that we chose were (0.85–1.1) cpd, (1.7–2.2) cpd, and
(0.28–0.39) cpd, respectively. Harmonic analysis was performed
on the time series of barotropic currents and baroclinic currents,
respectively, in order to distinguish barotropic tides from ITs.
The barotropic currents are considered to be the depth-averaged
flows. The baroclinic currents are considered to be the raw
currents minus the barotropic flows.

Modal Decomposition
Vertically, internal waves can be regarded as the superposition of
numerous waves of different wave number. They can be separated
by modal decomposition via solving Sturm–Liouville eigenvalue
problems:

d28n(z)
dz2 +

N2(z)
c2
n
8n(z) = 0 (11)

5n(z) = ρ0c2
n
d8(z)
dz

(12)

The boundary conditions are,

8(0) = 8(-H) = 0 (13)

where N2 is the square of buoyancy frequency calculated by
WOA18 (World Ocean Atlas 2018), Cn is the eigenspeed (Gill,
1982), ρ0 is the density of water, using a constant value as ρ0 =

1024kg/m3 here, n is the mode number (n = 0 is defined to be the
barotropic mode), 8(z) is the vertical displacement, and 5(z) is
the horizontal velocity.

The baroclinic velocity of each mode can be extracted by:

u′(z, t) =
N∑

n=0

u′n(t)8(z) (14)

where u′n (t) is the time-varying magnitudes of each baroclinic
mode, computed by least-square modal fitting at each time point,
using the observed velocity profile.

It is the lack of mooring data at the surface and bottom
layers that will render higher-mode fits unstable in the modal
decomposition (Zhao et al., 2010; Shang et al., 2015). In addition,
the results of analysis may not be applicable to the whole depth.
In most cases, the ITs are dominated by low modes. Hence,
we merely extracted the first three baroclinic modes and the
barotropic mode. Based on Eqs. (11–13), modal structure and
vertical distribution of the square buoyancy frequency were
estimated at the observation station (Figure 3). In addition,
the depth-integrated horizontal kinetic energy (HKE) can be
calculated by,

HKE =
1
2
ρ0

∫ 0

−H
< |
∼
u(z, t)|2>dz (15)

where the angle bracket is the internal wave cycle time average.

BAROTROPIC AND BAROCLINIC TIDAL
CURRENTS

Figure 4 shows eight main components of observed (red) and
TOXO7.2 predicted (blue) barotropic tidal ellipses at the mooring
station. The major axis and minor axis of the ellipses indicate
the maximum and minimum amplitudes of the tidal currents,
while the inclination of the ellipse represents the phase. It can be
seen that observed barotropic tidal currents are similar to that
of TPXO7.2; both are mainly dominated by O1, K1, and M2
tides. However, a difference in phase between them is visible.
This discrepancy may be caused by the absence of observed
data at the surface and bottom layers. In addition, phases of
eight major components show significant differences, in that the
major axes of Q1, O1, P1, and N2 are oriented in the northeast–
southwest direction, while K1, M2, S2, and K2 are oriented in the
northwest–southeast direction.

Since the ITs are not uniform in depth, harmonic analysis
should be conducted for each depth, respectively. Figure 5 reveals
the tidal ellipses of eight baroclinic components. The diurnal
ITs are dominated by K1 and O1, the semidiurnal ITs by M2.
Complex variations emerge in both diurnal and semidiurnal ITs
vertically, implying that they might have vertical multimodal
structures. In addition, the eight major baroclinic components
show clockwise polarization significantly at most depths; this is
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FIGURE 3 | Modal structure (A) and the vertical distribution of the square Brunt-Vaisala (B) during the observation period at the mooring station, computed by
WOA18. Horizontal labels mark the start of the month.

FIGURE 4 | Observed barotropic tidal ellipses (red) and barotropic tidal
ellipses predicted from TOXO7.2 (blue).

in accordance with the polarization of freely propagating waves
in the northern hemisphere (van Haren, 2005; Xie et al., 2010;
Shang et al., 2015).

ROTARY SPECTRA

The average rotary spectra from 175 to 740 m were calculated
(Figure 6), wherein the clockwise spectra show significant
peaks at the near-inertial, diurnal, and semidiurnal frequencies.
Nevertheless, most of the counterclockwise component energy
is concentrated on diurnal and semidiurnal components, with
no peak shown at the near-inertial frequency. In addition,
perceptible but not considerable peaks are evinced at frequencies
of superposition of diurnal tides and NIWs (f+K1), due to
non-linear interaction. Higher harmonics (M2+O1, M2+K1, M4,

FIGURE 5 | Vertical distribution of baroclinic tidal ellipses for eight main tide
components.

and M2+S2) are also found to have obvious peaks, possibly
owing to advection and non-linear interaction among diurnal
and semidiurnal tides. The bulk of the energy is focused on
the clockwise component in the northern hemisphere, and
the clockwise component energies of diurnal, semidiurnal, and
near-inertial components are comparable, although the diurnal
component is slightly larger. NIWs are almost entirely clockwise,
which means most of the near-inertial energy is concentrated in
the clockwise components. The previous studies in the northern
SCS (Xu et al., 2013; Guan, 2014) showed that the energy of
clockwise components at diurnal frequencies can be more than
10 times that of the counterclockwise components. However,
we find that in the observation station the clockwise spectra
at diurnal frequencies are close to the counterclockwise spectra
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FIGURE 6 | Average rotary spectra of the raw currents from 175 to 740 m for clockwise (red) and counterclockwise (blue) components.

at diurnal frequencies; the energy of the clockwise component
at diurnal frequencies is only three times larger than that of
the counterclockwise component at diurnal frequencies in the
southeastern SCS. In the northern SCS, the larger amplitude of
ITs and higher latitude might lead to stronger horizontal Coriolis
forces; this might cause the clockwise spectrum to have higher
energy in the northern SCS compared to the southern SCS.

The primary horizontal propagation direction of NIWs is
toward the equator. Remotely generated NIWs detected at this
observation station are predominantly propagating from higher
latitudes. Because the Coriolis frequency increases with latitude,
the frequency of NIWs will have a blue shift in most cases,
with their energy contained in a broad frequency band (Fu,
1981; Alford and Whitmont, 2007; Xu et al., 2013). In addition,
background vorticity also has an influence on the frequency
of NIWs. Negative vorticity causes a red shift, while positive
vorticity results in a blue shift (Kunze, 1985, 1995). The central
frequency band shown in Figure 6 is 0.346–0.361 cpd, with a blue
shift of about 3–8% in this region.

TEMPORAL AND SPATIAL STRUCTURES
OF ITs

Diurnal ITs
Even though the velocity of the diurnal ITs obtained by filtering
is small due to the diminutive stratification shear, the 14-day
spring-neap cycle can be identified directly from the zonal
velocity of diurnal ITs (Figure 7A). Nevertheless, the 14-day
spring-neap cycle is not obvious in the meridional component
(Figure 7B). The maximum velocity of diurnal ITs is distributed
among various depths, implying that the diurnal ITs might be
dominated by higher modes. To identity that, the first three
baroclinic modes are extracted in this study (Figure 7D). During

the whole mooring period, the HKE (Figure 7C) of diurnal ITs
fluctuates within a limited range and there is a strong periodic
signal change with season. From the middle of December to
the end of January, similar cycles and trends are manifested in
the HKE of diurnal ITs. However, the cycle period is shortened
after February. Different from the results of Shang et al. (2015),
which implied that the diurnal ITs were dominated by mode-1 in
the west Nansha area, the diurnal ITs at the observation station
are mainly dominated by mode-3 for most of the observation
period, containing 73% of the diurnal ITs HKE (Figure 7F). Our
observation station is located on a slope in the southeast part of
the Nansha area where the barotropic currents flowing through
can interact with the complex and sloping terrain to generate ITs
locally. The energy of high-mode ITs, which cannot propagate
over a long distance, generated locally will be found concentrated
near the generation place (Alford and Zhao, 2007). Thus, high-
mode ITs might have more energy in complex terrain areas.
Compared with mode-1 and mode-2, mode-3 changes more
frequently showing a shorter cycle. A significant phase difference
is shown between the diurnal barotropic currents from TPXO7.2
(Figure 7E) and the diurnal ITs, suggesting that the diurnal ITs
are not locally generated.

Semidiurnal ITs
Except from March 18 to April 2, there is no obvious
14-day spring-neap cycle shown in the observation period
(Figures 8A,B). It is related to the proportion of an incoherent
component (93%). When the incoherent component dominates,
the ITs are more easily affected by the background field (Xu
et al., 2013). Incoherent ITs are caused by a non-linear interaction
between varying background conditions and internal wave
motions (Xu et al., 2016). Furthermore, the HKE of incoherent
ITs can reflect the interaction between the background field and
ITs (van Haren, 2004; Alford et al., 2015; Xu et al., 2021). Through
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FIGURE 7 | Time series of the zonal velocity of diurnal ITs (A) and meridional velocity of diurnal ITs (B). Distribution of diurnal ITs HKE (C), yellow line for vertical
integration. Time series of mode-1 (red), mode-2 (green), and mode-3 (blue) diurnal HKE (D). Barotropic current amplitude (blue) and HKE (red) at diurnal band (E).
Horizontal labels mark the start of the month. Proportion of mode-1, mode-2, and mode-3 (F).

harmonic analysis of the ITs, we can extract the coherent ITs,
those with astronomical tide frequencies. The incoherent ITs are
defined as the residual once the coherent ITs are removed. The
coherent parts are 49% and 7% of the diurnal and semidiurnal ITs,
respectively. The HKE of semidiurnal ITs (Figure 8C) fluctuates
within a limited range at most times, but shows a significant
peak on March 25. Likewise, the first three baroclinic modes
(Figure 8D) are computed. It can be seen that the semidiurnal
ITs are dominated by mode-1 (47%) and mode-3 (34%) mainly
(Figure 8F).

The abrupt increase of semidiurnal ITs (Figures 8C,D) near
the end of March might be generated locally or propagated
from a distance. High-mode and low-mode ITs will increase
simultaneously if ITs are generated locally, while ITs propagated
from a distance will show energy concentration on low-mode
ITs (Alford and Zhao, 2007). At the end of March, a significant

increase in HKE is shown in mode-1 and mode-3, which indicates
that local generation is dominant. Time series of barotropic
currents in semidiurnal bands from TPXO7.2 (Figure 8E) are
also extracted to examine whether the semidiurnal ITs are
generated at the observation station. Consistent with diurnal
ITs, the phase difference between semidiurnal ITs and barotropic
currents is significant, suggesting that the semidiurnal ITs were
also not locally generated.

NIWS

Through a numerical study, Furuichi et al. (2008) found that 85%
of the downward near-inertial energy generated by wind forcing
will be limited to the mixing layer and dissipated in the upper
150 m. However, Alford et al. (2012) inferred that 12–33% of it
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FIGURE 8 | Time series of the zonal velocity of semidiurnal ITs (A) and meridional velocity of semidiurnal ITs (B). Distribution of semidiurnal ITs HKE (C), yellow line
for vertical integration. Time series of mode-1 (red), mode-2 (green), and mode-3 (blue) semidiurnal HKE (D). Barotropic current amplitude (blue) and HKE (red) at
semidiurnal band (E). Horizontal labels mark the start of the month. Proportion of mode-1, mode-2, and mode-3 (F).

will also pass vertically through more than 800 m. Although the
data in this study have not covered the area in the upper 150 m, it
still has certain significance for the study of NIWs. Different from
the diurnal ITs and semidiurnal ITs, NIWs show a wider variation
band in velocity as a result of their long cycle of about 71 h
(Figures 9A,B). The observed signals of NIWs are intermittent,
with the energy propagating both upward and downward.

Compared with semidiurnal ITs, our results showed that
the non-linear interaction between NIWs and diurnal ITs
was more effective (Figure 6) for the visible peaks at the
frequencies of f+O1 and f+K1. NIWs obtain energy more
effectively from diurnal ITs than from semidiurnal ITs. The
NIW-generating mechanism of geostrophic adjustment has no

specific propagation direction. This makes it difficult to discern
its contribution to NIWs. NIWs arising from wind forcing and
lee waves over the bottom topography can be distinguished by
the propagation direction of phase in most cases (Alford et al.,
2016). The group velocity of the NIWs is perpendicular to the
phase velocity. The phase of NIWs arising from wind forcing
propagates upward and the energy propagates downward, while
NIWs generated by lee waves over the bottom topography show
the opposite character, with the phase propagating downward
and energy propagating upward. However, when strong winds
with a huge magnitude break out, the NIWs arising from
wind forcing propagate to the bottom and reflect upward, then
show the characteristics of phase propagating downward and
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FIGURE 9 | Time series of the WKB-scaled meridional velocity of NIWs (A) and WKB-scaled zonal velocity of NIWs (B). Distribution of WKB-scaled NIWs HKE (C),
yellow line for vertical integration. Time series of wind stress (D), wind stress curl (E), and SLA (F). Horizontal labels mark the start of the month.

FIGURE 10 | Wind vectors (arrows) and speeds (shaded background color) (m/s) in the southern South China Sea on March 14 (A) and March 21 (B). The black
triangle is the mooring station.
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energy propagating upward. In most of the observed depths,
the HKE of NIWs propagates downward (Figure 9), which
indicates that NIWs at the observation station mainly arose
from wind forcing, while the other three mechanisms had
little influence.

During the observation period, there were two periods when
near-inertial energy was high: from the end of December to
the middle of February, and from the middle of March to the
beginning of April (Figure 9C). From the end of December
to the middle of February, the southern SCS is dominated by
the superposition of northeast monsoon and northeast trade
wind (Figures 9D,E). In addition, typhoons generate in the
SCS frequently, but rarely affect the southern SCS. Thus, in
most cases, it is the northeast monsoon period that has the
strongest wind forcing in the southern SCS. Wind can provide
energy for the near-inertial motions in the ocean-mixed layer,
and strong near-inertial energy arises from monsoons during
the northeast monsoon period (Liang et al., 2016). From the
end of December to the middle of February, due to wind
forcing on the sea surface, the near-inertial energy is mainly
concentrated in the surface, and the phase of near-inertial velocity
mainly propagates upward. However, from the middle of March
to the beginning of April, the wind stress intensity is small,
the energy arising locally from wind forcing is less, and the
energy is mainly concentrated in depths of 200–600 m. However,
the phase of near-inertial velocity is still mainly propagating
upward, implying that the peaks from the middle of March
to the beginning of April might still arise from wind forcing.
The lag of calculated energy relative to wind might be due
to the phase average required in the calculation process and
the low spatial and temporal resolution of wind stress data.
In most of the observation period, the SLA (Figure 9F) is
maintained within 0–10 cm and the curl (Figure 9E) within
−5 × 10−5 to 5 × 10−5 s−1, both of which are in the range of
moderate or weak SLA and cyclones, defined by Gao et al. (2019).
Therefore, the difference between the periods of the propagation
process caused by SLA and curl can be ignored. NIWs will
propagate to the equator primarily in the horizontal direction;
this implies that strong wind events occurring on the north of the
observation site can generate a great deal of NIWs, which then
propagate to the south.

REMOTE EFFECT

In section “Near-Inertial Waves,” we found that during the
whole observation period, diurnal ITs are dominated by
mode-3, while mode-1 only takes up a small part of the
energy. This might indicate that the ITs generated from
the Luzon Strait have little influence on the eastern Nansha
area, or that the diurnal ITs in the eastern Nansha area
are not transmitted from the Luzon Strait. Similar to the
results of Shang et al. (2015), the semidiurnal ITs, which are
dominated by mode-1 and mode-3, show the characteristics of
a multimodal structure.

In order to verify our conjecture in section “Near-Inertial
Waves” that the peak in NIWs from the middle of March

to the beginning of April is due to strong wind events in
the north, the ECMWF dataset is used to depict the wind
fields in the southern SCS. Figure 10 shows the wind fields
on March 14 (Figure 10A) and March 21 (Figure 10B) in
the southern SCS. A strong wind event was found in the
Mindoro Strait on March 14 and moved westward, then it
covered most of the southern SCS on March 21. However, our
observation point did not experience the strong wind which
higher latitudes experienced. The whole wind process, which
lasted from March 14 to March 29, has a good correlation with
the strong near-inertial energy observed from the middle of
March to the beginning of April (Figure 9C). The propagation
of NIWs is very complex. Vertically, the NIWs will reflect
when they encounter the thermocline and the sea bottom.
Additionally, the downward propagation will be affected by
the mesoscale eddies, SLA, and wind stress curls. Horizontally,
the remote NIWs triggered in higher latitudes will propagate
toward the equator to provide energy for near-inertial activities
in lower latitudes.

SUMMARY

Using 7 months of mooring current records, this paper
documents the features and temporal variations of ITs and NIWs
in the east Nansha area during the observation period. The
observed ITs were substantially dominated by O1, K1, and M2,
and the energy of clockwise spectra was higher than that of
counterclockwise spectra. In addition, the HKE of semidiurnal
ITs was smaller than that of diurnal ITs. The diurnal ITs were
dominated by mode-3, which accounted for 73% of diurnal
HKE, while semidiurnal ITs were dominated by mode-1 (57%)
and mode-3 (32%), and the semidiurnal IT energy reached a
maximum at the end of March. Coherent diurnal ITs accounted
for almost 49% of diurnal ITs, while the coherent portion of
semidiurnal ITs was only 7%, causing the semidiurnal ITs to be
more susceptible to the background field.

Although the eastern Nansha area is rarely affected by
typhoons, the near-inertial energy still mainly arose from
wind forcing. The non-linear wave–wave interaction provided
a small magnitude of energy for the NIWs, and it was
more effective at converting energy from diurnal ITs than
from semidiurnal ITs. Horizontal NIW propagation was
affected by NIWs generated from other latitudes, and vertical
NIW propagation by many factors including topography,
thermocline, SLA, mesoscale eddies, and wind stress curl.
One of the most important methods to judge whether NIWs
arise from wind forcing in other latitudes is to scrutinize
whether the energy is limited to the upper layer. The
equatorward-propagating NIWs will propagate and dissipate
into the deep ocean; their energy is concentrated deeper
than the local NIWs.

Although our dataset is coarse and does not cover the full
depth, the internal wave structure in the southeastern SCS was
well detected by these observations. In the future, more sufficient
and comprehensive data will help to obtain a more thorough and
precise understanding of internal waves in the whole SCS.
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