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PARTICIPANTS

To the vary large extent, the success of the Symposium was due to enthusiastic response of many
scientists from all over the world to whom the Symposium Organizing Committee extends many tanks.

More then 170 scientists from 23 countries submitted the abstracts of their reports to the
International Scientific Committee (ISC) of the Symposium. The ISC selected 223 scientific reports for the
presentations. The abstracts of these reports and the Scientific Programme of the Symposium were
published as a special volume and a brochure, respectively, and were distributed among the participants
just before the beginning of the meeting.

About 126 participants from 21 countries presented their reports at the Symposium.

The distribution of these participants among the countries was as follows:

1. Russian Federation 72

2. Ukraine 12
3. United States of America 7

4., France 5

5. United Kingdom of Great

Britain & Northern Ireland 5

6. Germany 3

7. Belgium 3

8. Japan 3

9. Bulgaria 2

10. Norway 2
11. Spain 2
12. Brazil 1
13. Canada 1
14. Italy 1
15. Israel 1
16. Republic of Korea 1
17. Netherlands 1
18. Poland 1
19. South Africa 1
20. Turkey 1
21. Uruguay 1
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Collective photo of the participants
(Former palace of prince V.P.Kochubey, Pushkin, St.Petersburg vicinity, May 20, 1998)




PREFACE

This volume contains a selection of papers presented at the International Symposium "Oceanic Fronts and
Related Phenomena" (ISOFRP) held in Pushkin, Saint Petersburg (18-22 May 1998). The Symposium
commemorated Professor Konstantin N. Fedorov, a towering figure of the oceanic fronts research. The
Symposium was dedicated to the program for the 1998 International Year of the Ocean. It was organized by
the P.P. Shirshov Institute of Oceanology and the Russian State Hydrometeorological University with the help
of the Russian Oceanographic Society. The smooth running of the Symposium was due to the support of the
Ministry of Science and Technologies of Russia, Russian Foundation for Basic Research, Intergovernmental
Oceanographic Commission (I10C) of UNESCO, Scientific Committee on Oceanic Research (SCOR) of the
International Council of Scientific Unions and of the DG-XII of the European Commission.

More than 130 scientists from 21 country participated in the meeting with keynote lectures, oral and poster
presentations. It was a good opportunity to discuss the oceanic fronts problems by many scientific leaders,
young scientists, and students. The Symposium'’s sessions covered topics of:

- the dynamics and structure of the oceanic fronts;
- the upper ocean as a boundary layer in the ocean-atmosphere system;
- the oceanic coherent structures (eddies, vortical dipoles,
lenses, jets) and their role in mixing and transport;
- the biochemistry of oceanic fronts;
- the flow dynamics and the fronts in straits and channels;
- the oceanic thermohaline fine structure (intrusions, double diffusion,
small-scale turbulence), the internal waves, and the mixing processes;
- exchange processes and fronts in coastal zone and marginal seas.

The Volume of the Collected Papers contains more than 90 selected papers. The selection of the papers
illustrates the progress in the research of the oceanic fronts and related phenomena. The volume covers
various issues of laboratory experiments, field observations, remote sensing, and numerical modeling. It is
hoped that this publication will encourage those scientists with particular interests in any of these topics to
explore the oceanic fronts in more detail. It is also hoped that this publication will stimulate regular discussion
on the oceanic fronts.

The Organizing Committee is very thankful to all of the authors who found time to prepare and submit the
manuscripts and to all of the volunteers who kindly helped to edit and to publish this volume. The thanks are
extended to the Intergovernmental Oceanographic Commission (I0C) of UNESCO, and particularly, to Dr.
louri Oliounine and Mr. Patrice Boned for the opportunity to publish this volume in a series of the UNESCO
Workshop Reports and comprehensive support.

Andrei G. Zatsepin Alexander G. Ostrovskii
Chairman, ISOFRP Scientific Secretary, ISOFRP
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Konstantin N. Fedorov
(1927 - 1988)

Konstantin Fedorov was born in Leningrad (Saint-Petersburg) in the family with strong intellectual
traditions. His maternal relatives belonged to the cultural establishment of Russian society of 18-19 centuries.
Ancestors of some of them moved to St.-Petersburg, the former capital of Russia, from western Europe during
the Peter the Great reign or soon after that. His great-grandfather Ya. K. Grot was an Academician and
grandfather K. Ya. Grot a Corresponding Member of Russian Academy of Sciences, both the experts in Russian
literature. His father was an electrical engineer and his mother - editorial supervisor of Publishing house of
Academy of Sciences of the USSR.

During World War II Konstantin was evacuated to the countryside. After return to Leningrad he
graduated from S.0. Makarov Arctic Marine Institute and entered research studentship of P.P. Shirshov Institute
of Oceanology in Moscow where in 1955 he eamed a Ph.D. in physical oceanography under the guidance of Prof.
V. B. Shtockman. In 1958 and 1959 he received a UNESCO grant for postdoctoral studies at the University of
Liverpool and the Imperial College in London. From 1961 to 1969 he served at the Intergovernmental
Oceanographic Commission (IOC) of UNESCO in Paris, being Secretary of the Commission from 1963 to 1969.

Upon retumning to Moscow, he continued the work in P.P. Shirshov Institute. In 1973 he maintained his
professorship thesis and from 1974 to 1988 headed Laboratory and Department of experimental and satellite
oceanology. In 1987 he was elected as a Corresponding member of the Academy of Sciences of the USSR and
became also a Deputy director of P.P. Shirshov Institute on Physical Oceanography Division. He was on the peak
of scientific and administrative career when suddenly ceased to be.

His scientific work started with studies of the wind-driven circulation, but closesi to his heart were
problems concerning finestructure and mixing in the ocean. From his early paper of 1967, written jointly with
Henry Stommel on small-scale structure near Timor and Mindanao, to his 1978 book “The Thermohaline
Finestructure of the Ocean” (Russian edition appeared in 1976) and to the 1986 book “The Physical Nature and
Structure of Oceanic Fronts” (Russian edition of 1983) and 1992 book “The Near-surface Layer of the Ocean”
(Russian edition of 1988), co-authored with his wife Anna Ginzburg, he produced a long line of scientific
accomplishments and publications on the topics of the thermohaline finestructure, convection, temperature
inversions, intrusion processes, transformation of water masses and coherent motions in the ocean. While he also
dealt with laboratory experiments and satellite-borne data, most of his research was related to ship observations,
with much of the data obtained during his numerous cruises on research vessels.

His productive work as a leader of numerous research projects was successfully combined with
substantial service to the international oceanographic community. From 1976 to 1980 he was president of the
Scientific Committee on Oceanic Research (SCOR) and then served as Past-president of SCOR until 1988. He
was also Chairman of SCOR Working Group 69, "Small-Scale Turbulence and Mixing in the Ocean", which
successfully finished its job in 1988.

Konstantin Fedorov was a widely talented man. Besides his professional work, he was fascinated by
poetry (the book of his verses and translations of foreign poetry was recently published in Russia), painting,
carving and even cooking. It's regretful that usually he was so busy with numerous duties that had no time to fulfill
his various interests. Only on the research vessels, during long sea passages, he was able to do that more or less
freely. He was a committed Scientist whose contribution to physical oceanography considerably expanded our
understanding of mixing processes in the ocean. '

He was one of key persons in international marine science during almost three decades, drawing together

intergovernmental and non-govemnmental organizations and promoting the scientific communication between east
and west.
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OPENING SPEECH

Y. Oliounine
IOC-UNESCO
1 Rue Miollis
75743 Paris-Cedex, France
(33 1) 45683983, fax (33 1) 40569316

It is a pleasure and honour for me to introduce the welcome address on behalf of IOC-
UNESCO to the participants of the International Symposium on Oceanic Fronts and Related
Phenomena organized in honour of Prof. K. Fedorov.

I would like to start by sharing briefly with you my personal reflections and esteem for a man
who was a bright personality in every sense of the word and whose career, to a certain degree, almost
mystically influenced my own. The first time I met him at the Second Oceanographic Congress in
Moscow in 1966, when I was among many young scientists in the conference room and he was on
the podium as the IOC Secretary. As fate would have it, I saw him again that same year in Le Havre,
France, when he came to this harbour from Paris to meet the research vessels Oceanographer and
Iceberg and to welcome his former Professor Dr. Davidan. On leaving the post, Dr. Davidan said the
prophetic words speaking about the post of the Secretary of IOC: “This is the place you might work
in one day” . 1s this not a fact?! After 1966, I met Prof. Fedorov a number of times in Moscow and
Paris, and was always impressed by his foresight of the importance of the ocean to humanity as a
whole, and the need to study the ocean from many points of view. It was during his tenure in the post
of Secretary IOC, that IOC started gaining a worldwide reputation as a respected, useful and
operational mechanism for the implementation of ambitious, large-scale expeditions, such as joint
investigations of Kurosivo, Overflow Studies in the Farero/Scotland and Greenland/Island Straits,
Integrated Investigations of the Indian Ocean and many others. This was during his days in 1969 that
I0C Member States, jointly with other UN agencies, formulated a long-term framework programme
of oceanographic research and monitoring. This was the first binding, comprehensive document which
laid the basis for many IOC activities in the 1970's-1980's and many ideas of which are still valid and
underlie this document:

Interaction of ocean and atmosphere, ocean circulation and variability;
Living resources and marine environment;

Marine pollution;

Marine geology, geophysics and mineral resources;

Integrated Global System of Ocean Stationary, etc.;

Data and Information Management;

Training and Capacity Building.

Nk WD~

All these activities are the pillars of the IOC programme today.
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His intellectual curiosity was high and it was always stimulating and rewarding to discuss with
Konstantin matters related to ocean research and protection, and to the IOC. He was at the cradle of
the Commission and jointly with Prof. Kort, Mr. Simsakian and Dr. Sabo, participated in the
formulation of the first constitutional and formal texts. That is why he always considered 10C his baby
to which he devoted his best years. Thanks to the vision of Prof. Fedorov and other IOC founders,
the Commission was designed for the future and consequently geared to meet the new and growing
uses that humankind will expect the marine element to serve. He was a man of dialogue and those who
had the privilege of sharing ideas with him found the frontiers of their own minds considerably
expanded.

He was a visionary, a champion of international co-operation, a great scientist and an
extraordinary warm and friendly person. When exceptional individuals, such as Prof. Fedorov
disappear from the world community, they leave behind a mission for all of us, as individuals and in
our official capacities, to further the goals to which he was committed.

Your Symposium is the natural and appropriate forum for the indispensable dialogue and co-
operation between scientific communities of different countries. I expect that your Conference will
help to establish a truly global partnership in which the countries of the North and South, East and
West, join fully in a global effort. The ocean is par excellence a natural area for international co-
operation.

The efforts of Prof. Fedorov during his stay in Paris as the Head of IOC have been amongst
the most daunting and intensive in the history of the Commission. He succeeded in pulling together
scientists from developing and developed countries, united in a single cause - to sharpen our
understanding of the World Ocean, its environment and resources and chart effective, equitable global
responses.

The scientific and technical programmes of IOC are based upon the reality that the ocean is
not restrained by national boundaries and that each nation needs the same wide-ranging set of
information in order to provide marine services.

The safety and welfare of all people, the wise and efficient use of the worlds national and
intellectual resources and the protection of the natural environment for future generations, all depend
upon gaining greater knowledge and understanding of all earth sciences and applying this knowledge
and understanding for sustainable development. Meteorology, Hydrology, Oceanography and other
related sciences now face their greatest challenge ever in increasing the knowledge and understanding
of the atmosphere, oceans and land surface and in co-operating to use this new knowledge for the
benefit and welfare of humankind. We believe that the work of your Symposium will provide valuable
knowledge base-scientific, economic, social and public policy-feeding into and responding to the
objectives of the 1998 International Year of the Ocean (IYO).

It is now also very clear that all three major components of our terrestrial environment, the
atmosphere, oceans and the land are highly mutually interactive, in particular with reference to global
climate and climate change. It is essential therefore, that long-term global environmental monitoring
should encompass all three components of our terrestrial environment in a coherent, consistent and
systematic way. To do so will require an even higher level of co-operation and co-ordination,
internationally, regionally and nationally than the one that prevails today.
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1 note with satisfaction that the organizers of the Symposium share this view and the agenda
contains a number of interesting presentations covering problems of interaction. I was told that you
are very creative people with lots of ideas. You will have a hard task to choose the best way forward
from among the many alternatives that are possible, but it is important that you succeed.

At this Symposium you will learn from each other's experiences, you will discuss possible
initiatives and will work out new approaches. The Symposium should demonstrate to all, the progress
achieved and identify new targets to aim at.

The fact that so many of you are prepared to give your time to be here this week shows that
you feel that the topic before you is very important. As the poet said, “Here is the sea that guards the
secrets of all things”. Today we might agree that it guards the secret of almost everything. Your
Symposium is a step towards resolving some of the secrets. You have the responsibility for helping
to obtain the key that will unlock that secret for humanity.

The ocean represents a priority domain for the expansion of scientific interest, especially in
the search for new and imaginative solutions to the pressing socio-economic problems of mankind.
It is a domain that rapid scientific and technological development has made somewhat more accessible
- but not less complex.

It is important that the recommendations you make at the Conference provide a basis for
evolving a sound and workable strategy, both to guide IOC in ocean studies and to make IOC to fulfill
its role in the ocean scientific activities as a joint specialized mechanism for co-ordinating ocean
research within the United Nations system. I hope that your recommendations will be noted widely
and they will be of use to many other scientists and organizations concerned.

On the part of IOC, the Commission will always be attentive to your efforts, will remain
receptive to your aspirations and it places great hopes in your work.

Finally, I would like to join in expressing the deep appreciation to the Government of Russia
and the Russian Academy of Sciences for hosting this memorial Symposium.

I would like to express my profound gratitude to all those who have been associated with the
organization of the Symposium and wish you every success and a very good stay in Russia, warmed
by Russian hospitality.
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GENERATIONS OF THE MEDITERRANEAN LENSES ON THE
CONTINENTAL SLOPE OF THE GULF OF CADIZ

D.L. Aleynik, B.N. Filyushkin, E.A. Plakhin

(P.P.Shirshov Institute of Oceanology, RAS. D< Nakhimovski pr. 36, 117851, Moscow, Russia;
B E-mail: aleynik@rav.sio.rssi.ru)

Data of two CTD surveys during the period of August 12-22, 1988, carried out by the R/V "Vityaz"
and XBT survey during September 1988, by R/V "Oceanus" in the Gulf of Cadiz Region (35°50'-36°45'N,
7°30'-9°30'W) make it possible to investigate the formation mechanism of Mediterranean lenses (Meddy) in
the continental slope canyons.

It is shown that the Mediterranean Water (MW) flow moving westward above the canyons partly
loses its stability. In this case some water volume separates from the flow through the canyon. Data of all the
surveys show water tongue with salinity (S) above 36.2 psu and temperature (T) above 11.8°C to appear di-
rectly opposite of the canyon axis. The vertical sections of T and S along the canyon axis show that the water
moves near the bottom and at the estuary edge (about 800 m depth) the tongue of the MW separates from the
continental slope to propagate further as the lenses into the surrounding water.

These lenses (diameter about 15-20 km) develop, their main core being located within the 800-1300
m layer. During this inflow of the MW from the continental slope edge to depth, the intramass front zone is
organized isotherms, isohalines pass almost vertically at 800-1200 m depths, and horizontal salinity gradient
is 0.5 psu per 5 km. At a distance of 30 miles south of the western canyon estuary, an anticyclonic lens arises.
The lens is well pronounced on the August maps of T and S distributions for 800-1200 m depths. On the
September temperature maps this lens is well seen to changes its position westward. Comparison of the T and
S vertical profiles in the lens center shows their full coincidence. Current meters on moored buoy stations set
in this area register velocities of up to 0.5 m's” at 1000-1500 m depths and confirms the existence of currents
from the canyon continental slope and anticyclonic rotation of the newly generated lens.

INTRODUCTION

The outflow of the Mediterranean waters (with character parameters T=13.5 °C, $=37-38 psu) in the
ocean with the lower current in Gibraltar strait is subject to an essential temporal variability. The evaluations of
its total volume vary from 0.36 to 2.26 Sv, and mean value is 1.21 Sv [12]. At small distance from the strait (50
km) these waters are intermixed with surrounding Atlantic waters, their temperature is reduced down to 12.5
°C, and salinity down to 36.5 psu, and they sank on a level of their densities at depths 500-800 m, and continu-
ing already less intensive to be cooled and became more fresh. These waters move westward in the gulf of
Cadiz over bottom along, the continental slope before withdrawal from it. The spreading of MW into this area
were investigated in the papers [3,4,12,14], and meddies generation here in [8,13,15].

In this paper the materials of sequential hydrophysical stations and five autonomous buoy stations
(ABS), permitting be analyzed and show, that the inflow of MW from the main near-bottom current in the Gulf
of Cadiz at the intermediate depths occurs mainly along canyons, to investigate the character of this process
and to describe the mechanism of intratermocline lens (meddy) formation.

DATA AND METHODS

In the summer and in the autumn of 1988 two expeditions inspected region of the continental slope of
the Gulf of Cadiz along the coast of Spain and Portugal. On a polygon with coordinates 35°50°-36°45°N and
7°30°-9°30" W, RV “Vityaz” (I0 RAS) in a phase from August 12 to August 22 has executed sequentially two
CTD surveys with a selection of samples and observations for the hydrochemical, microstructural and hydroop-
tical analysis. In this region in a mouth of Canyons two clusters with six and three ABS with the currents me-
ters at horizons 500, 1000, 1200, 1350, 1500 and 2200 m were moored, these observations were carried out



from August 18 to August 22. The currents-meters on ABS wrote average for 15 minutes data of velocity.
These files during handling averaged in hour and half-diurnal intervals.

American research vessel “Oceanus™ in September 1988 has executed CTD and XBT surveys in the
same region [13]. For the analysis maps of a space variability of the temperature are attracted, as the stations
outside of lens mainly was carried out with the help of XBT. The distances between CTD stations on the whole
polygon were too large for a construction of salinity and densities distribution maps.

In a connection with the irregular distribution of the stations with the measurements of the temperature
and salinity in a polygon the objective analysis of data for their representation in the knots of the selected
regular grid (2x2 km) on 100 horizons (through 20 dbar) were spent. For this purpose, a method of restoring
information in the knots of an interpolation grid with the use of multi-weighted functions [2] was applied.

RESULTS

In fig. 1, we show the maps of the salinity distribution in August (1a). We built also the maps of the
temperature in August and September at the horizons 800, 1000, 1200 and 1400 dbar. A character of a distri-
bution of temperature and salinity in August 1988 shows clearly that the areas of their maximum value on the
intermediate depths are located on the north, and the outlines isohaline and isotherms follow almost by parallel
isobats. Distribution of temperature in September also shows steady connection between a basic stream of the
Mediterranean waters and the bottom topography in the area of the continental slope of the Gulf of Cadiz. In
August as well as in September the basic MW jet is adjoined to a continental slope in the field of a condensa-
tion of isobates 1000-1500 m and occupied a layer with a thickness of 200-400 m. The analysis of T, S maps
and topography shows (fig. 1), that the tongue of MW of i the ncreased temperature (> 12° C) and salinity (>
36.4) at the depths 1000-1300 m were localized near the mouse of Portimao canyon.
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