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Preface

THE purposk of this book is to present an introduction to dynamical physical
oceanography at a level suitable for senior-year undergraduate students in the
sciences and for graduate students entering oceanography.

Our aims are to introduce the basic objectives and procedures and to state
some of the present limitations of dynamical oceanography and its relations to
the material of descriptive (synoptic) oceanography. We hope that the
presentation will serve to introduce the field to physicists intending to
specialize in physical oceanography, to help oceanographers in other
disciplines to learn enough about the physics of the ocean circulation to
discuss with the physical oceanographer the aspects which they need to
understand for their own work, and to give those in allied fields an
appreci~tion of what the dynamical oceanographer is trying to do in
contributing to our overall knowledge of the oceans.

The presentation involves the use of mathematics, as the essence of the
dynamical approach is to deduce quantitative information about the move-
ments of the ocean from mathematical statements of the basic principles of
physics as they apply to the ocean waters. The level is such that under-
graduates who have taken a course in calculus should be able to follow the
essentials of the mathematical arguments, while students in the physical
sciences should have no difficulty at all. Non-physical science students should
not be disheartened by the mathematics because a course with much of this
material has been taken for many years by biological science students,
among others, at the University of British Columbia to complement a course
in descriptive physical oceanography. For students with little calculus
background we emphasize the physical assumptions made in setting up and in
solving the equations, so that the limitations inherent will be clear, and then
we stress the interpretation of the solutions obtained. Some intermediate
mathematical steps are provided for those interested in following them. The
student with limited mathematical background should concentrate on the
verbal physical interpretations and not worry about the details of the
mathematics. At the same time, Appendix 1 provides a brief review of most of
the mathematical procedures and symbolism used in the text and of some
aspects of fluid mechanics which relate to dynamical oceanography. The non-
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vi PREFACE

physicist may find parts of Chapter 7 somewhat difficult to follow at first. If so,
re-reading this chapter after reading Chapters 8, 9 and, perhaps, 10 would
probably be worthwhile.

We have tried to make the text self-contained within its field but we consider
it essential that students interested in dynamical oceanography should first
acquaint themselves with the observational aspects of physical oceanography
in order to be aware of the characteristics of the oceans which the dynamical
oceanographer is endeavouring to understand and explain. A text such as
Descriptive Physical Oceanography by Pickard and Emery (1982) or other
introductions to this aspect listed in the Bibliography would provide the
necessary background.

In assembling the text for the First Edition we added significantly to the
original course material on which it was based so that it is unlikely that all of
the present material could be covered in a course of twenty-five or so lectures
as we had done in the past. However, we assume that, when using it as a course
text, an instructor will select what is appropriate for his class and will leave the
remaining material for later reference or will consider presenting the material
in a longer course.

In preparing the Second Edition we have clarified a number of minor points
and have introduced the Practical Salinity Scale 1978 as the basic definition of
this quantity and the International Equation of State 1980 as the most up-to-
date statement of the relations between salinity, temperature, pressure and
density for sea water. Information on the earlier and present equations of state
has been brought together in the new Appendix 3. A section on the beta-spiral
(a method for determining absolute velocities from the density field) has been
added, the discussion of mixed-layer models has been updated (Chapter 10),
eddy resolving numerical models described briefly (Chapter 11) and Chapters
12 and 13 on Waves and on Tides have been substantially revised and
enlarged. (Note that the latter two are each extensive fields and the present
treatments, which are more descriptive than analytical, are mainly intended to
acquaint the non-specialist reader with some of the essential features.
References to more detailed treatments for the physical oceanographer will be
found in the Bibliography.)

We believe that the material covered in this text will make it complete
enough for the non-physicist and also usable as an introduction for physical
science students. For graduate students in physical oceanography the book
should serve as a basic introduction, to be supplemented either in lectures or
with references to the literature, e.g. further discussion (with more complete
mathematical theory) of such topics as turbulence, vorticity, equatorial
circulation, boundary layers, thermocline and thermohaline circulation
theories, as well as the previously mentioned waves and tides. For the
convenience of the reader wishing to obtain fuller information we have
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included in the text references to material in books or journal articles. These
are listed in the Bibliography (Sections B.2 and B.4 respectively.)

If the physicists find that some concepts are introduced in a rather
elementary fashion we ask them to bear with us as these are ones which, in our
experience, have given trouble to non-physicists. The physicist might even find
the more extensive verbal explanations a pleasant relief from the multitudes of
equations with limited physical explanations sometimes encountered.

As a focus for the book we have concentrated on the large-scale average
circulation. We are aware that much attention is being paid to studies of
variability, e.g. as eddies in the open ocean and on smaller scales in coastal
regions, and that, in many situations, short-term variations may be much
larger than those of the longer-term mean. We consider that detailed
discussions of many of these topics are matters for more advanced study.
Estuarine and coastal dynamics have not been presented although there is
occasional mention of them. There are already several texts on estuarine
oceanography, mentioned in the Bibliography (Section B.2), and the text by
Csanady (1982) describes the application of the principles of dynamical
oceanography to coastal waters and shallow seas.

Finally, it must be re-stated that this text is intended simply as an
introduction to dynamical oceanography. More sophisticated treatments are
available for many aspects. Good introductions to the earlier mathematical
studies are Stommel’s The Gulf Stream (1965) and Robinson’s compilation of
papers (1963). Excellent reviews of many aspects of physical oceanography
(descriptive, dynamical and instrumental) -are available in Evolution of
Physical Oceanography, edited by Warren and Wunsch (1981), as a tribute to
Henry Stommel on his sixtieth birthday. This volume also includes a wide
range of references to journal and text articles in the field.
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