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The available potential energy of the diurnal internal tide in the Northwest Pacif-
ic ocean is studied by using short-term high-frequency mooring observations. The 
results show that in the upper layer of the ocean, its distribution is relatively cha-
otic, and it is greater between 1500-1600 m and 2500-3000 m in the middle layer 
of the ocean. At other depths, it is generally smaller, especially, at the bottom 
layer of the ocean, it is relatively small. This paper concludes that the marvel of 
measurement is the best science picks.  
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Introduction 

Fluctuations in the ocean can be categorized according to their location of genera-

tion, one category being surface waves, which occur at the surface of the ocean. The other is 

internal waves, which occur within the densely stabilized stratified ocean. Because the max-

imum amplitude of internal waves often occurs in the interior of the ocean [1], it is not easy 

to be directly observed. The wavelengths and periods of internal waves in the ocean are also 

widely distributed over a wide range, with wavelengths ranging from tens of meters to tens 

of kilometers, periods ranging from a few minutes to tens of hours, and amplitudes ranging 

from a few meters to tens of meters. As the most common type of internal waves, internal 

tides have a very critical role and a unique generation mechanism. Internal tides are a ubiq-

uitous phenomenon of the world ocean, generated when the large-scale barotropic tides flow 

over varying topographical features in the stratified ocean, such as continental shelf break, 

sills, or ridges. The generation of internal tides requires the combined action of three ele-

ments. Among them, astronomical tides contain powerful energy, which is a necessary con-

dition for the generation of internal tides. The changes of topography will also lead to corre-

sponding changes in the direction of the ocean tidal cycle movement, and the isopycnic in-

side the ocean will float up and down, and the carrier is seawater which is stably stratified 

according to density. 

As one of the main sinks of astronomical tide energy, internal tides play an im-

portant role in maintaining deep-sea mixing and meridional overturning current [2-5]. When 

–––––––––––––– 
* Corresponding author, e-mail: caoxiaoqun@nudt.edu.cn 



Xie, S.-H., et al.: Analysis of Internal Tide Characteristics in the Northwest … 
2336 THERMAL SCIENCE: Year 2024, Vol. 28, No. 3A, pp. 2335-2340 

the internal tides propagate to the continental slope, as the water depth gradually becomes 

shallower and the shallowing effects become more and more significant, the movement char-

acteristics of the internal tides change accordingly, resulting in breaking and generating large-

scale current and turbulence [6-9]. It has a great impact on maritime transportation, military 

operations, fishermen operations, and leads to the mixing of nutrients in thermoclines with 

different densities [10-13]. Internal tides can change the distribution structure of pressure and 

density by affecting the fluctuation of the isopycnic surface, thereby changing the amplitude, 

propagation speed and diffusion direction of the acoustic signal in the ocean, and the working 

effect of sonar will also be greatly affected [14]. The internal tides generated at the source 

contains multiple vertical modes, among which high-mode internal tides have a shorter wave-

length and large vertical shear. Therefore, it is easy for high-mode internal tides to dissipate 

locally that plays an important role in local mixing [15]. For the low-mode internal tides, be-

cause of its longer wavelength and smaller vertical shear, it can propagate to thousands of kil-

ometers away [16], and eventually break up and dissipate in the distant sea, which has a sig-

nificant effect on the deep mixing [17, 18]. 

Due to the unique geographical location of the Northwest Pacific ocean and the 

complex and changeable climate environment, it has created a good platform for people to 

further study the multi-scale processes of the ocean and its energy evolution [19-22]. In the 

past scientific research, the large-scale circulation and motion law are the main research direc-

tions, and the research on the small and medium-scale processes represented by the internal 

tides need to be carried out urgently [23-25]. 

This paper intends to conduct research on the basic characteristics of the internal 

tides in the Northwest Pacific based on high-frequency mooring observations, to understand 

the propagation and evolution of the diurnal internal tides in the Northwest Pacific ocean, and 

to improve our ability to support the environ-

ment in the deep sea and sea battlefield. The 

main research contents include energy distribu-

tion characteristics of diurnal internal tides in 

the Northwest Pacific. 

Data and methods 

Mooring observations 

The data used in this experiment is the 

mooring observations obtained by a certain sea-

going observation of the College of Meteorolo-

gy and Oceanography, National University of 

Defense Technology. The longitude and lati-

tude of the sea area are 124° E, 22° N, as the 

red dot in the fig. 1 shows. Time and tempera-

ture data on 19 different depth layers are ob-

tained with 19 temperature-depth (TD) sensors. 

In the subsequent data process, in order to obtain the time and temperature data at 

other depths, the interpolation method is used to interpolate the existing depth layer data, from 

0 m to 5100 m, with an interval of 30 m, so as to obtain the data we need. 

Figure 1. (a) The red dot in the figure is the 

location of the observation station, and its 
longitude and latitude are 124°E, 22°N  
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Energy 

First, using the thermohaline chain and deep-sea CTD observation data, the observed 

thermohaline profile was vertically interpolated to the 30 m standard layer to obtain the tem-

perature and salinity data and the potential density field data of the whole water depth. Ac-

cording to work done by Desaubies [26], the fluctuations of the isopotential density surface 

can be calculated by: 

[ ( ) , ] ( , ) ( , ) ( )t tz t t z t z                (1) 

Next, the vertical flow velocity field can be calculated: 
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Referring to the previous work [27-31], the available potential energy (APE) can be 

integrated over the entire depth using: 
0
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where H represents the water depth and ρ0 is the density of seawater. Because the variation in 

seawater density has little effect on the calculation results of the internal tidal energy, the den-

sity of seawater is set as a constant value of 1024 kg/m3. 

Discussion and results 

Distribution characteristics of tidal temperature 

in the Northwest Pacific ocean 

 We carried out quality control and stand-

ard layer interpolation on the acquired mooring 

observations, deleted some outlier data, and in-

terpolated the data. We set the depth from 0 m 

to 5100 m, and the interpolation interval was 30 

m. From the final result graph fig. 2, it is seen

that the temperature decreases gradually from 

top to bottom, in which the temperature in the 

upper layer decreases rapidly, and the rate in 

the lower layer gradually slows down. There is 

an obvious thermocline in the upper layer. 

Available potential energy distribution 

in the Northwest Pacific ocean 

From fig. 3, it can be seen that in the up-

per layer of the ocean, that is, at a depth of 200-

1500 m, from shallow to deep, the distribution 

of available potential energy of the diurnal internal tide is relatively chaotic. The available po-

tential energy is generally small at the depth between 300 m and 600 m, but it is generally 

large at the depth between 600 m and 1500 m, and the maximum available potential energy is 

obtained at the depth between 800 m and 900 m. 

Figure 2. This is the 16-day temperature 
profiles at the West Pacific ocean fixed point 
based on the mooring observations, and the 
horizontal co-ordinates represent the time, 
ranging from 21 October to 6 November. The 
vertical co-ordinate represents the water depth, 
and the color depth represents the temperature 
magnitude  
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From fig. 4, it can be seen that in the middle layer of the ocean, that is, at the depth 

of 1500-3000 m, from shallow to deep, the available potential energy is generally larger be-

tween 1500-1600 m and 2500-3000 m, and generally smaller between 1700-2400 m. The 

maximum available potential energy is obtained between 1500-1600 m. 

From fig. 5, it can be seen that at the bottom layer of the ocean, that is, at a depth of 

3000-4500 m, the available potential energy is relatively small in general, only in the depth of 

3200-3400 m, the available potential energy is larger, and the maximum value of the available 

potential energy is also obtained in this depth range. 

Figure 3. The figure is the available potential 
energy distribution of diurnal internal tides at the 
depth of 200-1500 m. Color depth represents the 
magnitude of the available potential energy  

Figure 4. The figure is the available potential 
energy distribution of diurnal internal tides at the 
depth of 1500-3000 m. Color depth represents the 
magnitude of the available potential energy  

Conclusion 

In this paper, we have analyzed the dis-

tribution characteristics of the available poten-

tial energy of diurnal internal tides. It is found 

that the available potential energy is mainly 

concentrated in the middle and lower layer of 

the ocean, and it is generally larger in the depth 

ranging between 1500-1600 m and 2500-3400 

m. However, the available potential energy is

generally small in the upper layer of the ocean, 

and the distribution is relatively chaotic, with 

no obvious distribution law. This paper con-

cludes that the available potential energy of di-

urnal internal tides in the Northwest Pacific 

Ocean changes with depth, this finding offers a 

new window for study the ocean tides.  
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Figure 5. The figure is the available potential 
energy distribution of diurnal internal tides at 
the depth of 3000-4500 m. Color depth 
represents the magnitude of the available 
potential energy  
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