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Abstract. Observations of internal waves in the shelf zone, based on combined monitoring of 
the surface and thickness of the sea, are discussed. The measurements were carried out in the 
coastal zone of the Sea of Japan in the Gulf of Peter the Great. The experiment included scan-
ning the sea surface from the shore by panoramic camera while approaching the coastal region 
of internal wave trains. At the same time, measurements were carried out in the sea by ADCP 
from an anchored yacht. As a result, new data on the features of internal waves on the shelf of 
the tidal sea were obtained. A more frequent than half-day periodicity of the appearance of in-
ternal solitons in the coastal zone was revealed. Almost synchronous approaches to the coastal 
zone of individual trains of internal solitons propagating at an angle to each other were record-
ed, which indicates various mechanisms of their generation. The waves in the trains differ not 
only in direction but also in length and speed of propagation.
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1. Introduction
Internal waves are a widespread hydrodynamic phenomenon in the ocean and its continental mar-
gins, which plays an important role in mixing the stratified medium. Internal waves propagate inside 
the sea, but they also tend to manifest themselves on the sea surface. This is due to the fact that the 
orbital flows of internal waves create near the surface zones of convergence and divergence, spaced 
at a wavelength. In the convergence zones there is an intensification of surface waves and, according-
ly, an increase in surface roughness. In the divergence zone, on the contrary, a weakening of surface 
waves occurs up to the formation of smoothed water areas — slicks. These features of the properties of 
internal waves make it possible to observe them through surface manifestations both with the help of 
radars and with the naked eye [1]. As an example figure 1 shows a photograph of the sea surface at the 
entrance to Vityaz Bay in the Sea of Japan during the passage of a packet of internal waves. Internal 
waves manifest themselves as a group of slick bands. The manifestation of internal waves on the sur-
face helps to obtain important new information about internal waves.

To obtain more detailed information about internal waves on the shelf of the Sea of Japan, we con-
ducted a special experiment in which we combined observations of the surface manifestations of inter-
nal waves and direct measurements in the water column. We used the experimental coastal complex 
for long-term optical observations of the sea surface [2], which was developed by one of the authors 
of this paper. The measurements were carried out in September 2004 in the Peter the Great Bay of the 
Sea of Japan, in the water area adjacent to Cape Schulz, which protrudes into the open sea. In this 



Sovremennye problemy distantsionnogo zondirovaniya Zemli iz kosmosa 17(6), 2020 123

A. N. Serebryany, O. G. Konstantinov New data on internal waves on the sea shelf…

region internal waves generated at the continental slope propagate unhindered along the shelf reach-
ing the coastal zone. Moreover, they often manifest themselves on the surface in the form of slicks as 
shown in the photo (figure 2). The experiment consisted in tracking the sea surface in the coastal zone 
using a scanning camera mounted on a high steep shore, and simultaneously measuring the currents 
and parameters of internal waves from a yacht anchored in the camera’s field of view.

Figure 1. The manifestation of internal waves in the form 
of slick bands on the surface of the sea. Internal waves 
enter the Vityaz Bay, Sea of Japan.

Figure 2. Slick stripes on the sea surface generating 
by internal waves moving to the shore. View from 
the shore of Cape Schulz.

2. Results of measurements
2.1. Scanning camera measurements of the sea surface
During panoramic scanning, a camera mounted on a high shore took sequential pictures in separate 
areas, which were then stitched together during processing. The result was a wide panoramic shot 
(figure 3).

Figure 3. Panorama of the coastal zone on September 20, 2004 (vertical polarized camera). The position of the 
anchored yacht in the sea is shown by a black dot.

The panoramic camera recorded two spaced-apart trains of internal waves moving toward the shore 
at different angles. Three consecutive (compressed) images taken on September 20, 2004 at 19:14, 
19:34 and 20:10 local time (figure 4) show two groups of dark stripes near the point indicating the lo-
cation of the yacht. The first group consisted of 3 wider bands, the second of 6 narrower ones. The al-
most rectilinear fronts of the bands of these two groups were oriented at an angle of 30 degrees to each 
other. The first group of bands moved directly north in a direction close to the normal of the coastline. 
The second one turned along with the alongshore current and propagated north-westward to 330° di-
rection. In 56 minutes both systems of strips noticeably advanced to the coast. In addition to slick 
stripes, characteristic light stripes located almost normal to the shore, indicating the boundaries of the 
frontal sections, are clearly visible in the photographs. Note that if in case of radar images of the sea 
surface, the lighter areas indicate ripple enhancement, and the darker areas correspond to slicks, then 
the opposite is true in the optical image. Slicks look light, and strips of roughness look dark. The pro-
cessing of a set of successive photographs of the surface of the sea was carried out, which included 
the transfer to the “plane” of photographs using the affine conversion. After this procedure, estimates 
of wave speeds and directions of their propagation were obtained, and estimates of wavelengths were 
made. It was found that the speed of internal waves in the first group was 17 cm/s, and in the second 
37 cm/s.
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Figure 4. Three consecutive pictures of the coastal zone, taken at 19:14, 19:34 and 20:10 (from left to right). 
The images show the spread of two groups of dark stripes to the shore, accompanying two packets of internal 
waves. Also visible is the evolution of the coastal front (light bands on the surface).

2.2. Measurement of internal waves in the water column

Figure 5a. 2.5 hour ADCP recording (backscattered signal intensity). Two trains are visible whose surface mani-
festations were recorded by the camera.

Measurements of internal waves and currents were carried out using the ADCP “Rio Grande 
600 kHz” looking down, mounted on an anchored yacht at a point in the sea with depths of about 
40 m, at a distance of 2.8 km from the coast. It is known that ADCP registers three flow components 
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(two horizontal and one vertical). In addition, ADCP registers intensity of the backscattered signal, 
which allow one to evaluate the shape of wave profiles, as well as the amplitudes and periods of waves. 
In addition to the ADCP measurements, hourly soundings of the CTD probe from the surface to the 
bottom of the sea were carried out from the anchored yacht for 12 h. As a result, additional informa-
tion was obtained on the bottom location of the thermocline (within 10–15 m above the bottom) at 
the time of passage of the trains.

Figure 5b. 2.5 hour ADCP recording (up velocity). Two trains are visible whose surface manifestations were re-
corded by the camera. Up velocity in internal waves changes sign periodically with wave period.

Figure 5 shows a fragment of a recording of the intensity of backscattered signal and the vertical 
component of currents during the passage of trains of internal waves. Internal waves are visible due to 
layers of increased sound scattering in the water column, especially in the layer of pycnocline. ADCP 
recorded the following data. The first packet consisted of 3 waves, with a period of about 11.5 minutes, 
the second consisted of 6 waves with a period of 7.5 minutes. The wave heights in the trains had the 
following values: 6, 7, and 4 m in the first train; and 9, 6.5, 5, 6, 7, 9 m — in the second train. The 
measured vertical current velocities during the passage of packets of internal waves changed their sign 
throughout the water column and varied from –5 to 5 cm/s with wave periodicity. The waves propa-
gated along the bottom thermocline and had a soliton-like form of elevation waves, typical for nonlin-
ear waves in these cases [3, 4].

3. Conclusion
The waves observed in this experiment are typical of the shelf of the Sea of Japan [5, 6]. They are 
usually generated in the region of the continental slope by the tidal current and then advance to the 
shore in the form of packets of internal solitons. In our case, they were accompanied by clearly dis-
tinguishable surface manifestations in the form of slick stripes with almost straight fronts several kilo-
meters long. Before approaching the observation point, the internal waves passed the “turning point” 
(the point of change of internal wave polarity), transforming from the waves-depressions initially 
propagating along the shelf into the waves-elevations. This effect is widespread for intense internal 
waves when they move along the shelf to the coast [7].

Conducted combined monitoring made it possible to measure in detail the complete set of basic 
parameters of the observed internal waves. In addition to measuring the parameters of internal waves, 
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the applied method of combined monitoring revealed the nonlinearity of the measured waves, as well 
as new features of the spatial structure of the field of internal waves in the coastal zone. In particular, 
the trains of internal waves, although spaced in time over a small interval, are approaching the coast at 
different angles. Which indicates possibly different mechanisms for their generation.

The use of measurements demonstrated in this paper can be a good complement to the technique 
of sub-satellite experiments [8] for studying the dynamics of the sea on the shelf.
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