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The results of the surface current spatial structure observations performed by SeaSonde Doppler HF
radar (operating frequency is 25 MHz) in the Black Sea region adjacent to the city of Gelendzhik are
represented. The observations imply a special technique consisting in successive measurements at two
selected points of the coastline. Initially, the measurements are carried out in the first of two selected
coastal points during two hours. Then the radar system is transferred to the second point on the coast
where the procedure is repeated. At that the velocity field is assumed to remain unchanged during the
total measurement period (including the time of the radar displacement) from both points. The measurement results are shown in a form of a spatial map of the current velocity vectors in the research
region (with 20 × 20 km dimensions). Some features of the current spatial and temporal variability in
the coastal waters are revealed. Particularly, the eddy-like formations (the diameter is a few kilometers) which rapidly move and collapse. Since similar eddies are detected using the contact measurement methods, complex and variable structure of the surface currents measured by a radar does not
seem to be an artifact. Nevertheless, reliability of the data resulted from the radar measurements of
the surface current velocity field should be verified in future by comparing it with the results of the
quasi-synchronous velocity field measurements performed by stationary, drifting and towed velocity
meters.
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Introduction. The technology of surface current velocity measurement by
Doppler radars in the coastal zones of the seas and oceans has been developed and
used in different countries, such as the USA, Canada, United Kingdom, France,
Australia and Japan for almost 40 years [1]. Various companies produce Doppler
HF radars (for example, SeaSonde radars by CODAR Ocean Sensors (USA) [2]
and WERA by Helzel Messtechnik GmbH (Germany) [3]), which measure the velocity of surface currents in the coastal zone from 0.5–5 to 20–200 km from the
shore with a 0.5–5 km spatial resolution, depending on the operational frequency
range and the range of measurements. In the presence of the large amount of radars
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spaced along the shore, it is possible to reconstruct the velocity field of surface currents along the coastline, as is being carried out, for example, in California, USA
[4].
Currently, Doppler radar systems operate in many countries. They are used to
control currents and wind waves in coastal areas of the ocean and inland seas. Constant monitoring of the water surface by such systems allows warning of the tsunami approach and ensuring the safety of marine operations in the sea shelf development areas. The use of Doppler radars increases the effectiveness of measures to
control the consequences of emergencies in areas of oil spills. In the USA, such
devices are widely used by the US Coast Guard in emergency situations during
search and rescue operations in the coastal waters of the ocean. For this purpose a
network of Doppler radars along the eastern and western coasts of the country has
been developed.
Unfortunately, it is necessary to note that in Russia the radar technology of research of marine hydrodynamic processes is not developed and Doppler HF radars
to measure the surface current velocity in the sea water areas are not produced. The
work on the Russian HF radar development described in papers [5, 6] is stopped
because of a lack of funding. It is obvious that the constant radar observations in
such areas as the Black Sea coastal waters have not only scientific but also great
practical significance. In particular, the results can be used to solve the operational
oceanology tasks (forecast of development of dangerous hydrodynamic processes,
extreme waves and currents and prevention of possible emergency situations associated with them); ecological problems (registration and forecast of distribution of
emergency oil spills); monitoring and prevention of dangerous meteorological conditions at the sea (tornadoes, thunderstorm clouds), etc.
In the domestic practice of marine research through a number of years (2005–
2009), measurements of surface currents using SeaSonde Doppler radar (operating
frequency 25 MHz) were carried out in the Baltic Sea (the Curonian Spit area [7]
and in the Kara Sea from the vessel [8]). However, these studies were characterized
by selectivity and did not focus on the study of special hydrophysical processes
that are significant for coastal water areas. This paper presents the results of measurements of surface sea currents in the Black Sea, previously published only in the
report [9].
Measurement conditions and methods. The surface current velocity measurements were carried out by a SeaSonde Doppler radar in the Gelendzhik area in
October 19–21, 2010. Such measurements make it possible to obtain radial (along
the beams from the position point of the radar antennas) velocity components of
currents. For the direct measurement of the total velocity vectors of currents, the
application of radar located at two or more points of the shoreline of the studied
water area is required. In this case, the measurement technique used in [7] is used
to carry out estimates of the current velocity vectors in the single-point measurement system configuration. Before the start of the measurements, it was investigated how the position of the radar antennas at various points of the shore adjacent to
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the studied Black Sea water area and the altitude of the antennas above sea level (at
the sea level, at altitudes of 4, 20 and 60 m above the sea level) affect the obtained
signal, and also how trees, bushes and metal parapet were cut into the signal quality. As a result, the position of the antennas providing an optimal area for registration of the currents and a high quality of their measurement was chosen.
Detailed technical characteristics of SeaSonde Doppler radar are presented in
[7]. In the present paper only the main features necessary for understanding the
methodology of work are listed: the working frequency is 25 MHz, the spatial resolution is 0.75 km, the number of cells along each beam is 32, the angular distance
between the radar beams along which the radial velocity components of the currents are determined is 5°, probing distance is about 22 km (limited by the water
salinity value about 18‰ in the water area).
The method with the sequential use of a single radar in two spaced points on
the shore was implemented during the measurements. The essence of the method is
as follows.
At the preliminary stage of the installation of radar antennas, the shore points
are identified to meet the following criteria:
1) no more than 100 m distance from the water's edge;
2) the maximum openness of the sea horizon for the propagation of radio
waves (no capes, elevations of terrain, artificial structures and other obstacles);
3) the maximum possible area of intersection of radar zones, freely covered
from selected shore points;
4) convenient access for motor transport, providing the minimum possible time
expenditure when moving from one measurement point to another.
First, the measurements are taken at the first of two selected shore points for
2 hours. Then the radar system is transferred to the second shore point, where the
measurements are carried out in the same manner. In this case, it is assumed that
the velocity field remains unchanged during the total (taking into account the moving to another point) measurement period from both points. The obtained radial (in
the direction of radar radiation) surface current components are processed using
special software HFRadarmap in Matlab language, which is distributed freely on
the Internet (URL: http://www.oc.nps.edu/~radlab/HFRadarmapToolbox/).
The full vectors of surface currents are the addition of radial vectors obtained
from two different points.
In the described experiment for the radar system transportation between the antenna installation points on the shoreline, the all-terrain UAZ minibus was used. In its
cabin the measuring equipment was placed (Fig. 1, a). Fig. 1, b shows the installation
of the radiating and receiving antennas at one of the measurement points. Fig. 2 is a
map of the area where the measurements were carried out in October, 19–21, 2010,
indicating the position of all radar installation points.

60

PHYSICAL OCEANOGRAPHY NO.3 (2017)

a
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Fig. 1. Layout of the measuring equipment in the minibus (а) and the position pattern of the radar
antennas on the shoreline (b)

Fig. 2. Position of the radar antenna installation points on the shoreline during the measurements in
October, 19–21. А1 and А2 points – for October, 19, B1 and B2 points for October, 20 and C1 and
C2 points for October, 21

On the first day of measurements (October 19) the A1 point was located directly on the Golubaya (Blue) Bay shore of at 4 m height (the antenna height)
above the water level. At the same time, the radar scan was limited by the cape on
the western side of the bay. The advantage of this point is simple and quick access
to it for radar installation. That is why it was used for the initial adjustment of the
measurement system in the adjacent water area.
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On the same day, measurements were taken from the A2 point, located on the
seashore near the Tonkiy (Thin) Cape of the Gelendzhik Bay at a 3.5 km distance
from the first point and approximately at the same height above the water level.
The shape of the shoreline in the vicinity of this point is close to rectilinear and the
locator has a free view of the adjacent water area over a wide range of scanning
angles. It makes the measurement conditions optimal from the viewpoint of the
water area coverage. However, the operational installation of antennas in a given
location with rocky soil, presents a certain difficulty.
On October, 20, the location for the B1 point was selected on steep seashore
westward of the Golubaya Bay at an altitude of about 60 m. This point provides a
good overview for efficient operation of the radar system. However, it takes considerable time to reach this point and the vehicle must have high all-terrain capability due to the absence of a groomed road in the mountainous area.
On the same day, the B2 point was 8.5 km from B1 on the steep shore of Tolstoy Cape of the Gelendzhik Bay at 20 m above sea level. This point has a good
overview for recording the radial component of the current velocity throughout the
examined water area, and it is easily accessible for any type of vehicle.
In order to change the overview area on October 21, the C1 and C2 points on
the southeastern shore of the Golubaya Bay were chosen. The distance between
these points was 5.3 km.
Most of the selected radar antenna locations provided a good overview and
the possibility of reducing the interval up to 1.5 hours between measurements at the
points.
Results of the measurements. The map of the radial velocity components of
the sea surface obtained by the SeaSonde system on October 19 at the A1 point
(Fig. 3, a) covers a relatively narrow spatial region. The reason is the high shore of
the Golubaya Bay, which limits the locator scan in the western direction.
Fig. 3, b shows a map of the distribution of radial velocity components on October 21 at the B2 point. Areas of measurement at all points (except the A1 one)
have a good coverage, similar to that shown in Fig. 3, b. It makes it possible to obtain an extended intersection area of the measurement regions made of two points.
The construction area of the current velocity vector field based on the radar
measurements is determined by the size and position of the intersection area of the
radial velocity component maps obtained at two adjacent locations of the radar antenna. Fig. 4 presents an example of such an intersection according to the measurements carried out on October 21.
The vector field was constructed using a rectangular grid with a pitch of
0.015° step in latitude and longitude. On the maps of the current velocity vectors
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dated October 19–21, a circle of the corresponding scale in the lower left corner
indicates the region of averaging of the radial velocity components that fall in the
vicinity of the grid nodes with the indicated radius (Fig. 5).

a

b
Fig. 3. Examples of maps of the radial current velocity components on October 19 (a) and 21 (b)

On the first day of measurements, October 19, a relatively homogeneous distribution of current velocity is observed. It reflects the general alongshore transport
of the waters in the north-western direction (Fig. 5, a). There is also a turn of cur-

PHYSICAL OCEANOGRAPHY NO.3 (2017)

63

rents to the shore in the coastal area. The current velocity is generally about 25–
30 cm/s, however in some areas it reaches 50 cm/s.

Fig. 4. An example of the formation of the current velocity vector determination area based on the
mapping of radial current velocity components on October 21

On October 20 an anticyclonic vorticity is marked on the current velocity map
(Fig. 5, b). At that, the current velocity is directed mainly to the north-west, and its
value does not exceed 25 cm/s. The intersection of the measurement areas carried
out on October 20 from two points, which the current velocity vectors can be constructed on, has a larger area than the intersection of the measurement areas performed on October 19. In this case, the distance between the antenna points on October 20 is more than twice exceeds the distance between the measurement points
on October 19, which reduces the probability of errors in the determination of the
current velocity vectors.
On the map of currents, obtained on October 21, the measurement area has a
good coverage and contains pronounced elements of the eddy-like currents
(Fig. 5, c). The most characteristic features of this map are the current convergence
zone in the middle part of the measured area and high values of the current velocity
of the southern direction (up to 89 cm/s) in the western part of the cross-section
area. The spatial inhomogeneity of the current velocity distribution may be due to a
change in wind conditions during a 3-hour interval between measurements at two
points.
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c
Fig. 5. Maps of the current velocity vectors on October, 19 (a), 20 (b) and 21 (c)
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The variety of maps of the current velocity fields obtained during three days of
radar measurements may call into doubt their representativeness. However, during
these measurements the dynamics of coastal waters in the Gelendzhik and Novorossiysk regions were characterized by the complexity of the current structure
and their high spatiotemporal variability. The MODIS-Aqua satellite image of this
sea area in the suspended matter field dated October 18, 2010 is a definitely proves
this (Fig. 6). According to the opinion of the authors of this work, three eddies
clearly stand out in this image: the A anticyclone (closer to Novorossiysk), the
C cyclone (closer to Gelendzhik) and the A anticyclone (to the east of Gelendzhik).
They form the convergent current structure near the shore and the divergent one –
out at sea. In Fig. 6, b the contours of the aforementioned sub-mesoscale eddy-like
structures are indicated by dashed lines, and the direction of rotation – by arrows.
Since, according to previously performed complex observations, these eddy-like
formations move rapidly and are destroyed in rather sort time [10, 11]. So, the
complex and variable structure of the surface currents measured by the radar is not
an artifact.

a

b

Fig. 6. Manifestations of the submesoscale eddies at the sea surface in the area of radar measurements on October, 18 according to the MODIS-Aqua satellite data

Conclusion. On October 19–21, 2010 in the Gelendzhik area of the Black Sea,
a successful attempt to measure the velocity field of the surface sea current using
SeaSonde Doppler HF radar was carried out. The method of radar measurements
from two adjacent points of the coast is applied using a single radar, which is subsequently moved from one point to another.
The results of measurements showed the possibility of obtaining a realistic
structure of the current field and its variability, even in the course of a short-term
series of operational observations. In particular, the existence of eddy-like structures in the alongshore currents was registered. At the same time, reliability of the
data resulted from the radar measurements of the surface current velocity field
should be verified in future by comparing it with the results of the quasisynchronous velocity field measurements performed by stationary, drifting and
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towed velocity meters [10, 11]. Such comparative measurements are already carried out at the Gelendzhik polygon of the IO RAS in the Black Sea [9].
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