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STUDY OF CURRENTS IN THE EASTERN PART OF THE BERING SEA
WITH DOPPLER SONAR

Vologdin V.N., Darnitsky V.B.
Pacific Research Fisheries Centre (TINRO-Centre), Vladivostok, Russia

Introduction

In 1990 TINRO’s R/V Novokotovsk has fulfilled two surveys in the Bering sea: ichtioplankton and
trawl. The first was fulfilled in April 9 — May 12 in the Eastern part of sea shelf and the southeastern part
of the Aleutian basin (172 stations). The second was fulfilled by bottom trawls in May 25 — July 13 on the
shelf of Economic zones of the USA and USSR (283 stations). Surveys were accompanied by an acoustic
probe with echosounder Priboi—101 (USSR), CVS-881B (Japan) and echo integrator SIORS (USSR).

Different types of current hydroacoustic profilographs (coherent, incoherent and correlation
Doppler systems) are used in the world oceanographic practice for more than 20 years. During this time
limitations were developed and published in details, it was pointed the possibility of application of
specified systems to measurement of current velocity profiles and their advantage to corresponding
mechanical systems (Aksenov & Tarasuk, 1989).

During the Bering Sea pollock complex survey in spring-summer 1990, besides standard
hydrological and trawl-acoustic surveys, there were conducted the measurements of currents
characteristics. To measure the velocities and directions of currents it was used the Sonar Current
Indicator (CI-30), working at frequency 130 kHz (Doppler..., 1980, FURUNO..., 1983). The place of
device antennas set was on the bottom of vessel hull, near the keel. Thus, antennas sinking is possible to
consider to be approximately equal to draft of vessel, 5 m (according to loading of vessel by fish, draft
increases to 6 m approximately to the end of trawl survey). Three leaning beams of antennas of device are
in 120° angle in relation to each other, in accordance with antennas strengthening. Along with this one of
beams is directed at horizontal plane forward, to bow of vessel.

Currents were measured at horizons of 7, 30-55 and 80-207 m during the period of the greatest
stability of vessel course in realization of trawl stations.

Pulse length and thickness of layer, from which echo signal is analyzed, is 10 m. Along with this
center of the first horizon was at the depth of 7 m. Measurements were carried out for 5 impulses. Integral
means of velocities and directions of currents were determined during 1, 2 and 5 minutes with intervals of
their registrations in every 15 s.

The level of a signal in the sea was sufficiently high as a rule, and the corresponding alarm
information about possible error on display of device was not received. The ensemble of realizations,
from 10 to 400 in numbers was brought in to personal computer (PC) and was postprocessed (calculations
and drawing graphs, spectral analysis (Vasiliev & Gurov, 1998). Horizons of measurements were
established in three numbers. Intermediate horizon was established, as a rule, in the middle between upper
(7 m) and lower horizons (0.75 depths of place, but not close to the bottom, in order to avoid the
processing of ground signal). Operator did not change the depth of upper horizon, as a rule, during all the
survey.

Although the discreteness of observations by Doppler sonar was depending on regime of hauls and
therefore was variable within a twenty-four-hour period, in general these observations were produced
with time intervals from 1 to 6 hours. Since it was selected the regime of measurements during
sufficiently low velocity of vessel: 3 - 4 knots, sufficient effect of air bubbles under bottom of vessel was
minimal. Consequently, it is possible to exclude the possibility of interference of sound waves on
bubbles. At primary treatment, data were filtrated and false means were excluded out of a consideration.
This was related to big peaks of means not packing in general course of a curve.

Signals from vessel gyrocompass were introduced to CI-30 input over AD-10 Analog-to-digital
converter of signals. It allowed automatically to transform relative values of current directions to
geographic north.

Geographic coordinates of Loran-C system were input into PC for further coinciding with current
measurements data.



278

Errors of Measurements

Experimental errors are divided into accuracy (systematic errors, depending on an influence of
physical effects) and accidental (statistical) errors (Kempion et al., 1979). We will consider these errors
of our measurements of current velocity.

The principle of an action of Doppler Indicator of Currents consists of difference definition of two
identical Doppler devices means. One of these devices fulfills measurements of absolute velocity of
vessel, but other one measures relative velocity on echo signals of water volume. In accordance with
principle of action it is possible to differentiate possible errors of a measurement of velocity of current
into the next groups (Bogorodski ef al., 1984): errors descending from influence of vessel-carrier, a media
of a propagation of hydroacoustic signal, methodical and apparatus errors.

CI-30 apparatus error is determined by the
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Results and discussions

Many oceanologists (Kamenkovich et al., 1987; etc.) presently established that oceanic movements
of synoptic and planetary scales look like the complex of the tidal, eddy like, wave and quasi-stationary
(average) compiling currents, which interact with each other exchanging energy, entropy, hydrochemical,
hydrobiological and other properties of water masses.

Traditional method of calculations of geostrophic currents according to thermohaline surveys,
during decades applied in TINRO and other marine research organizations, does not enable to allot
foregoing components of movement of waters, though it brought extremely much information about
ocean dynamics.

Appearance of a new technology in any field of knowledge generally brings establishment of new
information about researching phenomenon and processes in nature.



279

Application of Doppler hydroacoustic measurers of currents is realized in TINRO in expedition
aboard the R/V Novokotovsk for the first time in 1990 in the Bering sea. In 1991 R/V Miller Freeman
(USA) produced analogous observations (Cokelet et al., 1996).

Technology of production of observations by Doppler measurer (ADCP and CI-30) in these two
expeditions differed. In Russian expedition Doppler observations were carried out in the period of
hydroacoustic-trawl surveys with 20 to 40 miles step in slope and shelf waters (Fig. 3). In American
expedition observations were carried out at 11 oceanographic sections. The horizons of measurements in
those expeditions were different. Despite that measurements were made by different methods, study of

earlier unknown properties of current fields of the Bering sea brought indisputable benefit in both
expeditions.
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Fig. 3. Haul and CI-30 stations distributions in the Eastern Bering Sea (EBS) (R/V Novokotovsk, 1990)

Since upper quasi-homogeneous layer of sea is under the constant influence of atmosphere,
meteorological conditions in near surface layer are briefly considered. Direction and velocity of near
surface wind are considered the most important parameters in wind current generation. These
characteristics were measured 4 times per a day during the expedition.

The synoptic maps analysis showed that in May it was observed the shift of center of Aleutian
depression to Bristol Bay. Along with this Hawaiian maximum achieved the southern part of the Bering
Sea with the pressure maximum 1030 mb in periphery. Average month surface pressure in May in the
south-eastern Bering Sea made 1004.5 mb, that was lower than climatic norm (1010 mb). Eastern winds
predominated (65.7%). Quantity of storm winds did not exceed 7.5%, in calm conditions — 5.3%. The
month wind velocity mean in May compiled 7.2 m/s at the climatic means for this period 5-8 m/s.

In June, as at the end of May, cyclonic activity in atmosphere was a little higher than climatic
norm. Trajectories of cyclones had NE direction with the following fixing in the region of the Eastern
Aleutian Islands and the Southern Alaska. The pressure minimum in zone of Aleutian Depression
compiled 985 mb. Anticyclonic activity was characterized by some reinforcement of Polar anticyclone,
maximum pressure at periphery of which achieved 1025 mb. Along with this the Hawaiian maximum



280

displaced to the South, achieving Aleutian Islands just during two days (July 26-27 1990). The monthly
near surface pressure mean compiled 1009.6 mb (1011-1013 — climatic norm). This month it was
observed the Western winds predominance (60%). Average velocity of wind compiled 5.9 m/s, that
corresponds to climatic norm (5-7 m/s). It predominated force 1-4 wind by Beaufort scale (63.4%).

In July the center of the Aleutian Depression located between Bristol and Alaskan Bays with its
outflow to the continent. The activity of high pressure centers descends. Minimum pressure in the center
of Aleutian depression compiled 992 mb and its effect on the shelf water predominated. Monthly pressure
mean in July compiled 1008.3 mb, that was considerably lower than climatic norm (1015 mb). In July it
was again observed the predominance of Eastern winds (43.3%). Maximum velocities of wind did not
exceed 12 m/s, at monthly mean value 4.4 m/s. Predominating 91.6% winds were weak 1.4 (Beaufort
scale) (Pashenko, 1990).

The main reason of currents in upper layer of Ocean is immediate transmission of an impulse from
wind to water. Therefore it is considered the inside month dynamics of wind effects on sea surface in
details. Graphs of the spatial-temporal variability of wind speed and direction and wind currents at trawl
and hydrological survey areas during May-July 1990 are represented in Fig. 4 and Fig. 5. The large-scale
fluctuations of directions and velocity of near surface wind (Fig. 4) were generally conditioned by
passage of Cyclones and atmospheric Fronts. Predominant period of changes of wind direction is 1-2-
days. 3 —day, 4 and 6 day periods were imposed on these cycles, reflecting passage of large-scale
anemobaric systems. Fluctuations of wind velocities were not coherent with wind direction oscillations
and occurred, as a rule, with displacement of about 1 day, though separate coincidences of phases were
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In field of pressure the quasi-
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two-day changes were observed only in the beginning of the second decade of July, fluctuations with the
period from 4 to 9 days predominated, that corresponds to synoptic scale variability. Such oscillations of
pressure are known above the different regions of ocean (Abramov, 1978).

Fourier analysis (Vasiliev & Gurov, 1998) conducted separately by data of every out of three
months showed that energy spectra reflecting the greatest amplitude of oscillations of wind direction and
velocity have one peak in May (Fig. 6) corresponding to period of 2.6 days (Bristol Bay).
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Fig. 6. The cyclogram of wind velocity and direction in the Bering Sea in May 1990

In June, during the period of works on the central American shelf, the greatest amplitudes were
observed during the periods of 2.9 days (sharply expressed spectral peak), secondary low amplitude
periodicity was during the periods of 2.2; 3.5; 4; 5.2; 6.4 and 10.6 days, Fig. 7.
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Fig. 7. The cyclogram of wind velocities and directions in the Bering Sea in June 1990

In July, during the period of works on the Russian shelf of the Bering Sea, high amplitude spectral
peaks existed during 8-day period, low amplitude - during the period of 2.6 days (Fig. 8).

The cyclogram analyses show the heterogeneity of atmospheric disturbance on the shelf of the
Bering Sea and make by concrete in our imagination the regional high frequency fluctuations in near the
Earth atmosphere above the NW, central and eastern part of the Bering Sea.

Directions of currents in near surface layer differed much greater by a stochastic, as it is known
from publications, especially on averaged current schemes. An eddy structure of currents of different
scales predominates, alternating with mesoscale meandering flows.
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Fig. 8. Cyclogram of wind velocity and direction in the Bering Sea in July 1990

In figurative presentation the current scheme reminds more the picture made from the space

satellite with obvious chaotic flows. However, the observation of mushroom like current structures on
vector field with such rough discreteness is hardly probable.

10.

11.

12.

13.

14.

References

Abramov R.V. 1978. Nizkochastotnaja amplitudnaja moduliatzia polusutochnoi volni davlenija nad okeanom //
Okeanologija. Vol. XVIII. N. 4. P. 627-631.

Aksenov D.P. & Tarasuk U.F. 1989. Proektirovanie gidroakusticheskih izmeritelei profilei techenija v okeane //
Zarubegnaja radioelectronika. ISSN 0373-2428. N. 5. P. 73-84.

Bogorodski A.V., Dolgikov A.K., Korepin E.A. & Jakovlev G.V. 1984. Gidroakusticheskaja tehnika
issledovanija okeana / Leningrad: Gidrometeoizdat. 264 pp.

Burch T.L. & Scarlet R.I. Statistical 1977. Empirical wind wave and wind current relationships in coastal
waters // Second Annual Combined Conference “Oceans' 76”. Moscow: TsNIITEIRH. Ref. sbornik
“Promislovaja okeanologija”. N 2. P. 8.

Cokelet E.D., Schall M.L. & Dougherty D.M. 1996. ADCP Referenced Geostrophic Circulation in the Bering
Sea Basin. // J. Physical Oceanography. Vol. 26. N 7. P. 1113-1128.

Doppler Sonar Current Indicator. Mod. CI-30 1980 / Prospect of FURUNO (Japan). 6 pp.

FURUNO Technical Information. Doppler Sonar Current Indicator. Mod. CI-30 1983 / Publ. N TI-383. Furuno
Electric Co., LTD. Nishinomia, Japan.

Kamenkovich V.M., Koshliakov M.N. & Monin A.S. 1987. Sinopticheskie vihri v okeane / Leningrad:
Gidrometeoizdat. 512 pp.

Kempion P.J., Barns D.E. & Viliams A. 1979. Prakticheskoe rukovodstvo po predstavleniu resultatov izmereni
(per. s angl.) / Moscow: Atomizdat. 67 pp.

Kouchmen L.K., Ogord K. & Tripp R.B. 1979. Beringov proliv, regionalnaja fizicheskaja okeanografija (per. s
angl.) / Leningrad: Gidrometeoizdat. 199 pp.

Pashenko V.M. 1990. Otchet o resultatah vipolnenija nauchno-issledovatelskih rabot v Beringovom more v
reise NPS “Novokotovsk™ 31 marta — 1 avgusta 1990 g. / Vladivostok: TINRO-Centere. N 21022. 130 pp.
Shabalin V.N., Begelfer E.M. & Makarova S.F. 1980. Sovremennaja radioelektronnaja apparatura,
predstavlennaja na vistavke “Inribprom — 80”: Obzornaja informatsija // Moscow: TsNIITEIRH. N 2. P. 24-34.
Tesler V.D. 1983. Perspectivi razvitija ribopoiskovoi tehniki: Obzorn. Informatsija / Moscow: TsNIITEIRH.
N 11.P. 2-4.

Vasiliev V.N. & Gurov L.P. 1998. Komputernaja obrabotka signalov v prilogenii k interferometricheskim
sistemam / Saint-Petersburg: BHV. 240 pp.



