
On the Coherent and Incoherent Characteristics of
Semidiurnal Internal Tides Near the Luzon Strait:
Influences of Sampling Interval and Observation Duration
Anzhou Cao1 , Zheng Guo2, Jinbao Song1 , and Xinyu Guo3

1State Key Laboratory of Ocean Sensing & Ocean College, Zhejiang University, Zhoushan, China, 2Marine Science and
Technology College, Zhejiang Ocean University, Zhoushan, China, 3Center for Marine Environmental Studies, Ehime
University, Matsuyama, Japan

Abstract Internal tides (ITs) usually exhibit incoherent characteristics during their propagation. However,
estimations of incoherent ITs from different platform (mooring and satellite) observations exhibit discrepancies,
partly due to their different sampling intervals and observation durations. Based on 10‐year numerical
simulation of ITs near the Luzon Strait, we examine influences of sampling interval and observation duration on
the coherent and incoherent characteristics of semidiurnal ITs, that is, the M2 IT steric height and incoherence of
semidiurnal ITs in steric height. Results indicate that for 1‐hr interval (typical sampling interval of mooring
observations), both the coherent and incoherent characteristics of semidiurnal ITs exhibit convergence with
increasing duration. However, for 238‐hr interval (approximate repeating cycle of TOPEX/Poseidon/Jason‐1/
Jason‐2 satellites), the coherent characteristic of semidiurnal ITs has a larger bias than that for 1‐hr interval, and
this bias does not monotonously decrease with duration; the semidiurnal IT incoherence has a larger uncertainty
than that for 1‐hr interval.

Plain Language Summary Internal tides (ITs) are internal waves with tidal frequencies, which can
propagate more than 1,000 km away from their source regions. During their long‐range propagation, ITs are
affected by the varying ocean stratification and subtidal motions. Consequently, ITs gradually lose the phase‐
locked feature with the astronomic tidal forcing at their source regions, causing incoherent ITs. However, the
present estimations of incoherent ITs from different platform (mooring and satellite) observations show some
inconsistency, which is speculated to be partly attributed to their different sampling intervals and observation
durations. To validate this speculation, we conduct 10‐year numerical simulation of ITs near the Luzon Strait.
Through re‐sampling the simulation results with different intervals, we find that the coarse sampling of satellite
observations not only yields a larger bias of the M2 IT steric height, one coherent characteristic of semidiurnal
ITs, but also causes larger uncertainty of semidiurnal IT incoherence in the steric height, compared to the typical
sampling interval of mooring observations.

1. Introduction
Internal tides (ITs) are internal waves with tidal frequencies, which are ubiquitous in the global ocean
(Buijsman et al., 2016; Müller, 2013; Niwa & Hibiya, 2011, 2014; Simmons et al., 2004; Zhao, 2019). They
are typically generated by barotropic tidal currents flowing over rough topographies, such as the mid‐ocean
ridges, seamounts, island arcs, and continental slopes and shelves. Once generated, ITs can propagate thou-
sands of kilometers away from their source regions (e.g., Zhao, 2014; Zhao et al., 2010). During their long‐
range propagation, ITs are affected by the varying ocean stratification and subtidal motions such as largescale
circulations, mesoscale eddies and jets. Consequently, ITs gradually lose coherence, that is, the phase‐locked
feature with the astronomic tidal forcing at their source region, and incoherence is increased (Buijsman
et al., 2017; Cao et al., 2017, 2022; Egbert & Erofeeva, 2021; Kelly & Lermusiaux, 2016; Kerry et al., 2016;
Lahaye et al., 2024; Pickering et al., 2015; Savage et al., 2020; Xu et al., 2013, 2014; Zaron, 2017; Zhao
et al., 2010). Because incoherent ITs usually have a larger proportion of high modes than coherent ITs, they
can cause stronger vertical shear and contribute more to the turbulent mixing (e.g., Cao et al., 2019; Liu
et al., 2016). Hence, understanding the distribution and variation of incoherent ITs is of great importance.
Furthermore, incoherent ITs are a significant source of ageostrophic sea level variability for the Surface Water
Ocean Topography (SWOT) satellite altimeter mission (Zaron, 2017). Separating them from the balanced

RESEARCH LETTER
10.1029/2025GL119342

Key Points:
• Influences of sampling interval and

observation duration on semidiurnal
internal tide coherent and incoherent
characteristics are examined

• Both the coherent and incoherent
characteristics exhibit convergence
with increasing observation duration
for 1‐hr interval

• Coarse satellite sampling yields a
larger bias in coherent characteristic,
which does not monotonously decrease
with increasing duration

Supporting Information:
Supporting Information may be found in
the online version of this article.

Correspondence to:
A. Cao,
caoanzhou@zju.edu.cn

Citation:
Cao, A., Guo, Z., Song, J., & Guo, X.
(2026). On the coherent and incoherent
characteristics of semidiurnal internal tides
near the Luzon Strait: Influences of
sampling interval and observation
duration. Geophysical Research Letters,
53, e2025GL119342. https://doi.org/10.
1029/2025GL119342

Received 11 SEP 2025
Accepted 9 FEB 2026

Author Contributions:
Conceptualization: Anzhou Cao
Data curation: Anzhou Cao
Formal analysis: Anzhou Cao,
Zheng Guo
Funding acquisition: Anzhou Cao
Investigation: Anzhou Cao
Methodology: Anzhou Cao, Zheng Guo
Supervision: Jinbao Song, Xinyu Guo
Visualization: Anzhou Cao
Writing – original draft: Anzhou Cao,
Zheng Guo
Writing – review & editing:Anzhou Cao,
Zheng Guo, Jinbao Song, Xinyu Guo

© 2026 The Author(s).
This is an open access article under the
terms of the Creative Commons
Attribution‐NonCommercial License,
which permits use, distribution and
reproduction in any medium, provided the
original work is properly cited and is not
used for commercial purposes.

CAO ET AL. 1 of 9

https://orcid.org/0000-0002-3339-3598
https://orcid.org/0000-0001-5654-1920
https://orcid.org/0000-0002-4832-8625
mailto:caoanzhou@zju.edu.cn
https://doi.org/10.1029/2025GL119342
https://doi.org/10.1029/2025GL119342
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1029%2F2025GL119342&domain=pdf&date_stamp=2026-02-26


motions remains a big challenge for SWOT observations (Egbert & Erofeeva, 2021; Fu & Ubelmann, 2014;
Torres et al., 2019).

Analysis of moored observations through filtering and harmonic analysis is the conventional method to quantify
incoherent ITs (e.g., Cao et al., 2017; Eich et al., 2004; Liu et al., 2016; Pickering et al., 2015; van Haren, 2004;
Xu et al., 2013, 2014; Zhao et al., 2010). Over the past decade, several methods have been proposed to estimate
the IT incoherence from satellite observations (Egbert & Erofeeva, 2021; Zaron, 2017). Based on 23‐year
combined records of the TOPEX/Poseidon, Jason‐1, and Jason‐2 satellite altimeter observations, Zaron (2017)
used harmonic analysis and along‐track wavenumber spectral analysis of sea surface height to estimate the
incoherence of semidiurnal ITs (mainly the M2). Zaron (2017) showed the global map of IT incoherence and
revealed that incoherent ITs are stronger than coherent ITs in the majority of equatorial Pacific and Indian Oceans.
Aiming to estimate incoherent ITs from SWOT observations, Egbert and Erofeeva (2021) developed an approach
that combines harmonic analysis with principal component analysis. Based on this methodology and 1‐year
HYbrid Coordinate Ocean Model (HYCOM) simulation results, Egbert and Erofeeva (2021) obtained the
spatial patterns and temporal variations of the predominant IT constituents on the Amazon Shelf and reproduced
the incoherent IT characteristics.

Although various methods have been proposed to estimate the IT incoherence, significant discrepancies persist
among the results. For example, the semidiurnal IT incoherence estimated from moored observations is generally
on the level of 20%–40% in the South China Sea Basin (e.g., Cao et al., 2017; Xu et al., 2014), whereas that
estimated from satellite observations exceeds 60% (Zaron, 2017). We speculate that this discrepancy is partly due
to the differences of sampling interval and observation duration between the moored and satellite platforms:
Moored observations typically have a 1‐hr sampling interval and an observation duration shorter than 1 year,
whereas TOPEX/Poseidon/Jason‐1/Jason‐2 satellite observations employ a 9.9156‐day repeat cycle (approxi-
mately 238 hr) with the coverage longer than 30 years. To verify our speculation and examine the influences of
sampling interval and observation duration (mainly for mooring and TOPEX/Poseidon/Jason‐1/Jason‐2 satellite
observations) on the coherent and incoherent characteristics of ITs, we conduct a 10‐year numerical simulation of
ITs with the real forcing near the Luzon Strait (LS), which is selected due to its status as one of the most active IT
generation regions in the world (Buijsman et al., 2016; Müller, 2013; Niwa & Hibiya, 2011, 2014; Simmons
et al., 2004; Zhao, 2019). Observations showed that the baroclinic velocity and vertical displacement at the LS
may exceed 2 m/s and 300 m (Alford et al., 2011), and the westward IT energy flux radiated from the LS could
reach 40 ± 8 kW/m (Alford et al., 2015). The ITs generated at the LS could propagate over 1,000 km
(Zhao, 2014). The presence of energetic mesoscale eddies (Chen et al., 2011) and diverse intrusion patterns of the
Kuroshio Current near the LS (Nan et al., 2011) introduce significant variability, leading to significant incoherent
ITs in this region (Cao et al., 2017, 2022; Kerry et al., 2016; Pickering et al., 2015; Xu et al., 2013, 2014;
Zaron, 2017).

2. Data and Methods
2.1. Model Configurations

The regional ocean modeling system under the framework of Coastal and Regional Ocean COmmunity model
(CROCO, version 1.0) was adopted to simulate the ITs near the LS (Figure 1a) from 1 July 2005 to 31 July 2015.
The simulated domain (115.5°E–126.5°E and 15.5°N–24.5°N), horizontal resolution (1/20°), sigma layer (30
layers in the vertical direction), sponge layer (0.5° at four open boundaries) and turbulent mixing parameterization
schemes were the same as Cao et al. (2023). The barotropic tidal forcing (M2, S2, N2, K2, K1, O1, P1, Q1, Mf, and
Mm) was obtained from the Oregon State University global model of ocean tides (TPXO7, Egbert & Ero-
feeva, 2002). The initial and boundary conditions were provided by the HYCOM reanalysis data. The surface
forcing was obtained from the Climate Forecast System Reanalysis data. The simulated results were output every
1 hr. To ensure that the simulated ITs have reached a stable state, the simulated results in July 2005 were dis-
carded. Thus, the 10‐year numerical simulation results (from August 2005 to July 2015) were used for further
analysis. The simulation results reasonably reproduce the ITs and Kuroshio Current patterns near the LS in most
of the simulation period (Figures S1 and S2 in Supporting Information S1).
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2.2. Methodology

As in Egbert and Erofeeva (2021), the steric height (marked as η) was calculated following Savage et al. (2017).
Thereafter, harmonic analysis was conducted to calculate the amplitude (H) and phase (g) of semidiurnal ITs (M2,
S2, N2, and K2). The M2 IT steric height (ηM2 = HM2 cos gM2) was used to represent the coherent characteristic of
semidiurnal ITs and to assess the influences of sampling interval and observation duration. Considering that the
alias synodic periods of each pair of tidal constituents vary with the sampling interval (Fang et al., 2004; Foreman
& Henry, 1989), different combinations of sampling interval and observation duration were considered in this
study. For 1‐hr interval (typical sampling interval of mooring observations), the duration varied from 6 months to
10 years; whereas for 238‐hr interval (approximate sampling interval of TOPEX/Poseidon/Jason‐1/Jason‐2 sat-
ellites), the duration varied from 4 to 10 years. For all these durations, the data segments began on 1 August 2005.

To estimate the semidiurnal IT incoherence, different methods were adopted for different sampling intervals. For
1‐hr interval, the 4th‐order Butterworth bandpass filtering with a cutoff frequency of (1.73, 2.13) cpd was used to
isolate the semidiurnal steric height (η2) from the raw steric height (Cao et al., 2017; Zhao et al., 2010). The
hindcast of steric height calculated from the amplitudes and phases of the M2, S2, N2, and K2 constituents was the
coherent semidiurnal steric height (η2c). Subtracting η2c from η2, the incoherent semidiurnal steric height (η2i) was
obtained. Thereafter, the semidiurnal IT incoherence was calculated as

γ =
⟨Var(η2i)⟩
⟨Var(η2)⟩

× 100% ≈
⟨Var(η2i)⟩

⟨Var(η2c)⟩ + ⟨Var(η2i)⟩
× 100%, (1)

in which Var represents the variance and < > denotes time averaging. For 238‐hr interval, the along‐track
wavenumber spectral method proposed by Zaron (2017) was used. We chose tracks 051 and 088 (Figure 1a)
as examples to estimate the semidiurnal IT incoherence in the South China Sea.

3. Results
3.1. Coherent and Incoherent Characteristics for 1‐hr Sampling

Figure 1a shows the M2 IT steric height (ηM2) for 10‐year simulation results with 1‐hr interval. The ηM2 for other
durations is illustrated in Figure S3 in Supporting Information S1. Overall, the ηM2 extracted from all the du-
rations exhibits a consistent spatial pattern, which closely resembles that of the sea surface height induced by the
mode‐1 M2 ITs derived from multiple satellite altimeter observations (Figure S3l in Supporting Information S1,
Zhao, 2019), demonstrating the reasonability of simulated ITs again. The ηM2 is found to be a little larger than that
derived from satellite altimeter observations, because higher‐mode signals are contained in the simulation results.
From the ηM2, it is easy to find that the M2 ITs generated at the LS mainly propagate westward into the South

Figure 1. (a) The M2 internal tide (IT) steric height (shading, unit: cm) near the Luzon Strait (LS). The green lines denote the
TOPEX/Poseidon/Jason‐1/Jason‐2 tracks in the domain. The purple point indicates the crossing point of tracks 051 and 088.
(b) Semidiurnal IT incoherence (shading, unit: %) near the LS. The three black quivers indicate the approximate propagation
directions of semidiurnal ITs near the LS. Both results shown in panels (a, b) are obtained from 10‐year simulation results
with 1‐hr interval.
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China Sea and eastward into the Philippine Sea (e.g., Alford et al., 2011; Kerry et al., 2014, 2016; Zhao, 2014,
2019).

Figure 1b displays the semidiurnal IT incoherence (γ) for 10‐year simulation results with 1‐hr interval. The γ for
other durations is illustrated in Figure S4 in Supporting Information S1. Similar to the ηM2, the γ extracted from
different durations also shares a similar spatial pattern: The incoherence is relatively small near the generation
source and along the beams of semidiurnal ITs radiated from the LS; whereas the incoherence generally increases
with the distance away from the generation source and IT beams. The γ pattern is generally consistent with
previous observations, which gradually increases from the LS to the northwestern continental slope of the South
China Sea, and exhibits north‐south asymmetry in the South China Sea Basin and east‐west asymmetry to either
side of the LS (Cao et al., 2017; Lee et al., 2012; Pickering et al., 2015; Xu et al., 2013, 2014). Moreover, low
incoherence is found to the east of Taiwan Island, which is attributed to the ITs generated at the I‐Lan Ridge.

Although the spatial pattern of ηM2 (γ) exhibits considerable consistency across different durations, discrepancies
persist. As shown in Figure 2a, the meridionally averaged semidiurnal IT incoherence apparently exhibits an
increasing trend with duration. This is because longer observation durations increasingly capture the effects of
seasonal and interannual variations of ITs (e.g., Zhai et al., 2020; Zhao & Qiu, 2023), which are an important
source of IT incoherence (Savage et al., 2020; Zaron & Egbert, 2014). The discrepancy of meridionally averaged
incoherence between 6‐month and 10‐year simulation results is generally on the level of 10%–20%. We also note
that with the increase of duration, this discrepancy is gradually reduced. For example, the discrepancy of
meridionally averaged incoherence between 9‐ and 10‐year simulation results is nearly invisible. Actually, both
the ηM2 and γ exhibit convergence with increasing duration (Figures 2b and 2c). Hence, the M2 IT steric height
and semidiurnal IT incoherence, derived from 10‐year simulation results with 1‐hr interval (Figure 1), were used
as benchmarks for quantifying the discrepancies caused by different durations, using the mean absolute errors
(MAEs) as the evaluation metric:

ΔηM2 =
1
N
∑
N

i=1

⃒
⃒ηM2(i) − η10M2(i)

⃒
⃒, (2)

Figure 2. (a) Meridionally averaged semidiurnal internal tide (IT) incoherence as a function of longitude, domain averaged
magnitude of (b) the M2 IT steric height and (c) semidiurnal IT incoherence, and mean absolute errors of (d) the M2 IT steric
height and (e) semidiurnal IT incoherence for simulation results with 1‐hr interval.
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Δγ =
1
N
∑
N

i=1

⃒
⃒γ(i) − γ10(i)

⃒
⃒, (3)

whereN denotes the total grid number in the study domain, η10M2 and γ
10 are theM2 IT steric height and semidiurnal

IT incoherence derived from 10‐year simulation results with 1‐hr interval, respectively, and ηM2 and γ are those
derived from simulation results of other durations.

As shown in Figures 2d and 2e, both ΔηM2 and Δγ are monotonously decreased with duration. These results
indicate that both the coherent and incoherent properties of semidiurnal ITs exhibit convergence with increasing
duration. Remarkably, extending the duration from 6 months to 9 years can significantly reduce ΔηM2 (from 0.35
to 0.05 cm) and Δγ (from 12.5% to 1.1%) by one order of magnitude. These results suggest that if we have
sufficiently long observations with 1‐hr interval, we can obtain the accurate coherent and incoherent charac-
teristics of semidiurnal ITs.

3.2. Coherent and Incoherent Characteristics for 238‐hr Sampling

We then calculate ηM2 for simulation results with 238‐hr interval and obtain similar spatial patterns as Figure 1a
(Figure S5 in Supporting Information S1). However, such ηM2 has large deviation in the magnitude with that for
simulation results with 1‐hr interval. Also taking η10M2 (Figure 1a) as the reference, we can find that the domain
averaged magnitude of ηM2 for 238‐hr interval is apparently larger than η10M2 (Figure 3a). At the same time, ΔηM2
for 238‐hr interval varies from 0.41 to 0.61 cm (Figure 3b), which even exceeds the maximum ΔηM2 for 1‐hr
interval (0.35 cm, Figure 2d). Because ηM2 is calculated through harmonic analysis, we can conclude that the
large ΔηM2 for 238‐hr interval is attributed to the coarse sampling interval. More importantly, ΔηM2 for 238‐hr
interval exhibits oscillatory behaviors rather than monotonously decreases with duration (Figure 3b). This result
suggests that extending the observation duration may not decrease ΔηM2 when the sampling interval is 238 hr.

Attention is then paid to the semidiurnal IT incoherence estimated through the spectral method. Figures 4a and 4b
show the two‐dimensional wavenumber spectra of semidiurnal steric height (η2) and M2 IT steric height (ηM2) in
the South China Sea. They are overall similar, confirming that the M2 dominates the semidiurnal ITs in the South
China Sea. The difference between the two spectra arises from the non‐predominant semidiurnal ITs (S2, N2, and
K2) and semidiurnal incoherent ITs. Moreover, according to the spectra, the semidiurnal ITs mainly propagate
westward and southwestward in the South China Sea, which are consistent with previous simulations (e.g., Cao
et al., 2022; Guo et al., 2020; Kerry et al., 2014; Xu et al., 2016).

According to Zaron (2017), the mesoscale sea level anomaly induced by subtidal motions should be first removed
before estimating the M2 IT incoherence. Because our simulations are not totally the same as the real ocean, we
cannot directly use satellite‐observation‐based mesoscale sea level anomaly products (Ray & Byrne, 2010; Ray &
Zaron, 2016). Alternatively, we adopted the highpass filtering with a cutoff frequency of 0.5 cpd to the raw
simulation results with 1‐hr interval to remove the steric height induced by subtidal motions (Figures 4c and 4d as
examples). Thereafter, the processed steric height along tracks 051 and 088 was selected every 238 hr.

Figure 3. (a) Domain averaged magnitude and (b) mean absolute error of the M2 internal tide (IT) steric height for simulation
results with 238‐hr interval. Note that the reference shown in panel (a) is the M2 IT steric height calculated from 10‐year
simulation results with 1‐hr interval (η10M2).
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Figures 4e and 4f show the wavenumber spectra of raw and highpass filtered steric height as well as that removing
coherence, corresponding to the S0, S1, and Sr spectra in Zaron (2017), along tracks 051 and 088. The black
dashed lines are the nontidal broadband (the Sm spectrum in Zaron (2017)). As shown, after removing the
coherence, the spectra of steric height still exist bumps over the nontidal broadband between 100 and 200 km
wavelength, which correspond to the signals induced by the semidiurnal incoherent ITs. Based on these spectra,
the estimated semidiurnal IT incoherence is 17.2% along track 051 and 9.9% along track 088, both of which are
much smaller than those estimated through the conventional method for simulation results with 1‐hr interval
(Figure S6 in Supporting Information S1).

4. Discussion and Summary
Based on 10‐year numerical simulation results of ITs with the real forcing near the LS, we examine the coherent
and incoherent characteristics of semidiurnal ITs and explore the influences of sampling intervals and observation
durations of mooring and TOPEX/Poseidon/Jason‐1/Jason‐2 satellite observations on them. The M2 IT steric
height, representing the coherent characteristic of semidiurnal ITs in this study, indicates the propagation and
phase of the M2 ITs radiated from the LS. The semidiurnal IT incoherence exhibits site‐dependent features: it is
relatively small near the generation source and along the beams of semidiurnal ITs; whereas it is increased with
the distance away from the generation source and IT beams.

For 1‐hr interval, which is the typical sampling interval of mooring observations, both the coherent and incoherent
characteristics of semidiurnal ITs exhibit convergence with increasing observation duration. This result suggests
that the accurate coherent and incoherent characteristics of semidiurnal ITs can be obtained from sufficiently long
observations with 1‐hr interval. For 238‐hr interval, which is approximately the repeating cycle of TOPEX/
Poseidon/Jason‐1/Jason‐2 satellites, the M2 IT steric height shares a similar pattern as that for 1‐hr interval.
However, theMAE of theM2 IT steric height is apparently larger than that for 1‐hr interval. More importantly, the
MAE of the M2 IT steric height for 238‐hr interval exhibits oscillatory behaviors rather than monotonously
decreases with the observation duration, suggesting that extending the observation duration may not decrease the
MAE in this case. The reason is that compared to the 1‐hr sampling, the 238‐hr sampling produces much sparser

Figure 4. (a) Two‐dimensional wavenumber spectrum (shading, in the log form) of semidiurnal steric height (η2) in August 2005 in the South China Sea. The two gray
circles denote the theoretical wavelengths of mode‐1 and mode‐2 semidiurnal internal tides (ITs). (b) Same as (a) but for theM2 IT steric height (ηM2). Frequency spectra
of raw (blue) and highpass filtered steric height (red) near the crossing point (The purple point in Figure 1) of tracks (c) 051 and (d) 088. Vertical dashed lines indicate
the predominant diurnal and semidiurnal ITs. Wavenumber spectra of raw (blue) and highpass filtered steric height (red) as well as that removing coherence (green)
along tracks (e) 051 and (f) 088. The black dashed line denotes the nontidal broadband, as in Zaron (2017).
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data records. This sparsity reduces the effective signal information, thereby increasing the influence of noise.
Consequently, the 238‐hr sampling results in larger errors in the derived M2 amplitude and phase.

It is important to identify the dominant factor contributing to the MAE of the M2 IT steric height. According to the
definition of the M2 IT steric height, its MAE can arise from the deviation of amplitude (ΔH), deviation of phase
(Δg) or a combination of both, as

ε = (H + ΔH) cos(g + Δg) − H cos g

= (H cos g cosΔg − H cos g) + ΔH cos g cosΔg − H sin g sinΔg − ΔH sin g sinΔg, (4)

in whichH and g are the references of theM2 amplitude and phase calculated from 10‐year simulation results with
1‐hr interval. Note that the domain averaged absolute value of ε is the MAE of the M2 IT steric height (ΔηM2).
Figures S7 and S8 and Table S1 in Supporting Information S1 indicate that for 1‐hr interval, εmainly arises from
ΔH cos g cos Δg and − H sin g sin Δg with the latter sharing a more similar pattern as and having a higher
correlation coefficient with ε. This suggests that the MAE of theM2 IT steric height is mainly related to Δg, which
is due to the variation in the IT propagation speed. Moreover, both ΔH and Δg are decreased with observation
duration, accounting for the convergent ΔηM2 for 1‐hr interval (Figure 2d). However, the situation is different for
238‐hr interval. As shown in Figures S9 and S10 in Supporting Information S1, ε also arises from ΔH cos g cos
Δg and − H sin g sin Δg but exhibits a different pattern from them.Meanwhile, the correlation coefficient between
ε and ΔH cos g cos Δg is nearly comparable to that between ε and − H sin g sin Δg (Table S2 in Supporting
Information S1). Moreover, either ΔH or Δg is not significantly decreased with observation duration. Comparing
to the error analysis for 1‐hr interval, we believe it is the coarse sampling of 238 hr that causes systemic biases in
the M2 amplitude and phase, which finally result in the large MAE of the M2 IT steric height (Figure 3b).

We also test the influences of sampling intervals (17.0505, 21, and 35 days) of Geosat Follow‐On, SWOT and
European Remote Sensing Satellite (ERS) on the M2 IT steric height (Figure S11 in Supporting Information S1),
which are similar to that of 238‐hr interval. Furthermore, the MAE of the M2 IT steric height for a certain duration
is found to be generally increased with sampling interval, which further confirms that the coarser sampling in-
terval yields worse estimation of IT coherent characteristics. This is generally consistent with the finding of
Zhao (2024) that the global mode‐1 M2 ITs extracted from SWOT have large errors. This, on the other hand,
indicates that using multiple satellite altimeter observations (e.g., Zhao, 2019) can increase the accuracy of
extracted IT coherent characteristics, as it decreases the sampling interval to some extent.

The semidiurnal IT incoherence estimated through the spectral method in this study (∼10%) is much smaller than
that (>60%) in Zaron (2017) in the South China Sea. This discrepancy arises from several causes. First,
Zaron (2017) used satellite‐observation‐based products (Ray & Byrne, 2010; Ray & Zaron, 2016) to remove the
mesoscale sea level anomaly, whereas we adopt highpass filtering to remove it, as our simulations are not totally
the same as the real ocean. Second, Zaron (2017) calculated the wavenumber spectrum based on 2,000‐km‐
segment sea surface height data, whereas the segment length used in this study is smaller than 1,000 km due to the
simulated domain (Figure 1a). Third, the integration bandwidths of wavenumber spectrum between this study and
Zaron (2017) may also differ. However, either our estimation or Zaron (2017)'s estimation deviates from the
observed (e.g., Cao et al., 2017; Xu et al., 2014) and simulated semidiurnal IT incoherence (Figure S6 in Sup-
porting Information S1) in the South China Sea to some extent. We believe that the spectral method is an
important method to estimate the IT incoherence from satellite observations with coarse sampling interval.
However, we should be more cautious when we directly use the IT incoherence estimated through the spectral
method.

This study investigates the coherent and incoherent characteristics of semidiurnal ITs near the LS using long‐term
simulation data. Compared to the traditional mooring‐ and satellite‐observation‐based approaches, this method
has distinct advantages. It avoids the substantial costs of deploying and retrieving moorings, despite requiring
considerable computational resources. It provides more comprehensive results than satellite observations, thereby
enabling a quantitative assessment of the coherent and incoherent characteristics of ITs extracted from satellite
observations with specific sampling intervals. Moreover, this method can be expanded to other regions as well as
the global ocean. At the same time, we acknowledge that this study relies on the numerical simulation. Although
our simulations are based on the well‐established CROCO and validated against observational data, they remain
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approximations and cannot fully replicate the complexity of the real ocean. Nevertheless, the dynamics
responsible for incoherent ITs are represented in the simulation framework. Therefore, analyzing these simulation
data remains valid for investigating the causal mechanisms. In the future, we plan to develop a machine‐learning
model trained on these simulation data to establish a quantitative linkage between the raw steric height and its
component associated with incoherent ITs. Ultimately, this model will be adapted to process SWOT observations,
enabling the isolation of sea surface height signal attributable to incoherent ITs.
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