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“Data Analysis Methods in Physical

Oceanography” is a unique and valuable ref-
erence text for students, instructors, and
researchers who either work directly with
oceanographic data or need a working knowl-
edge of data collection and analysis products.
The book provides an unusual breadth of coverage with
a rich oceanographic context. The traditional topics of
probability, statistics, and time series analysis are com-
bined with discussions of specialized, yet routinely
applied, methods such as estimation of principal axes,
computation of vertical normal modes, and rotary spec-
tral analysis. Brief reviews of subjects not covered in tra-
ditional time series analysis texts, such as inverse meth-
ods, wavelets, and fractals, are also included. Several
other gems, such as sections on dependent samples,
error detection, and interpolation round out the presen-
tation. Oceanographic context is provided by a large
number of examples. All are from the geophysical sci-
ences, and the vast majority are from physical oceanog-
raphy. Thus, the reader may simultaneously learn about
an analysis method, note how it performs when applied
to real data, and gain exposure to relevant oceanograph-
ic phenomena (e.g. coastal trapped waves along the
Australian coast or sea level oscillations in the western
Pacific).

While the breadth of coverage is remarkable, there is,
inevitably, a price to pay in terms of depth. By employing
a “survey” approach to topics of widely varying com-
plexity, the authors sacrifice the detail necessary to fully
appreciate more difficult topics. The preface and jacket
notes indicate that this is by design. The book is suggest-
ed as instructional material for a graduate-level oceanog-
raphy course and as a general reference volume for
oceanographic researchers. The content is well suited to
both purposes, and could be a means of unifying the pre-
sentation of analysis methods to students. As the authors
note in the preface, most oceanographic graduate
programs have a “methods” course (discussing the mea-
surement, calibration, processing and interpretation of
geophysical data), but the material presented is not stan-
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dardized and no (other) text exists which might pro-
vide that standardization. If adopted to provide
the fundamental material for such courses, this
book would serve the community well.
Interestingly, the book begins not with
a review of background material relating to
analysis methods, but with chapters on data
acquisition and presentation. The first chap-
ter provides a brief review of sampling
theory followed by descriptions of sen-
sors used for the measurement of tem-
perature, salinity, pressure, sea-level,
surface waves, currents, wind, and
precipitation. The final two sections of
the chapter introduce chemical tracers.
The second chapter is the shortest (33 pages) and
consists mainly of figures showing typical data presen-
tation methods used in physical oceanography.
Examples of vertical profiles, time series, contour maps,
temperature-salinity diagrams, and various three-
dimensional presentations are included.

Chapters three through five contain material more
fundamental to the book’s mission. The third chapter
introduces statistical methods and provides the back-
ground necessary for succeeding chapters. All of the
usual topics, including probability density functions,
moments, regression, confidence intervals, and hypo-
thesis testing appear. Subsections on editing and
despiking techniques, interpolation, and bootstrap
methods are useful additions. The fourth chapter con-
centrates on spatial analysis, and is principally a
description of empirical orthogonal functions (EOFs)
and vertical normal modes, with brief introductions to
objective analysis and inverse methods. The fifth and
last chapter is the longest (197 pages), and arguably the
most successful, of the book. Titled “Time Series
Analysis Methods”, this chapter includes comprehen-
sive coverage of fourier, harmonic, spectral, and cross-
spectral analysis, along with subsections on digital fil-
ters, wavelets, and fractals. Appendices include a list of
units and conversions, statistical tables and glossaries
of commonly used statistical and oceanographic terms.
A table of geophysical constants and summary of the
properties of seawater would be welcome additions.

This book is not a substitute for rigorous texts in prob-
ability and statistics or time series and spectral analysis.
I will not be removing my copies of Papoulis (1984) or
Jenkins and Watts (1968) to make room on the bookshelf
for this volume. While straightforward techniques such
as complex demodulation or the method of least squares
probably require no more than the few pages devoted to
them, the same cannot be said for more complex topics
such as inverse theory or wavelet analysis. Of course,
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other references exist for such topics, but the citation of
these supplemental sources is not always consistent. For
example, Bennett’s (1982) text and several important
papers on inverse theory are cited, but two popular texts
on wavelet analysis (Foufoula-Georgiou and Kumar,
1994; Strang and Nguyen, 1996) are not.

This book will have a place on the shelf, however,
because its practical, almost folksy approach provides
an appropriate complement to more rigorous, theoreti-
cal texts. A discussion of effective degrees of freedom
and integral time scales, advice on the interpolation of
gappy records, and a warning about interpreting a high
degree of correlation in terms of cause and effect are
examples of useful and important topics which are sel-
dom included in text books. I found the practical
approach most apparent, and perhaps most valuable, in
the section on “Editing and Despiking Techniques”. I
cannot think of any other text in which non-random
errors which are not representative of the true popula-
tion (called “accidental errors” by the authors) are
described, despite the fact that data processors deal
with them routinely. Admitting that such errors exist
leads to an interesting discussion of how (or whether)
such “bad” points are eliminated. In particular, it is
noted that this process is subjective and that “care must
be taken not to reject important data points just because
they don't fit ... our preconceived notion”. This is an
important issue which is seldom presented to students
and often under-appreciated by researchers. I believe
that much would be gained by expanding on this topic
to include a description and some examples of what
Irving Langmuir (1989) called “pathological science”,
being tricked into false results by a lack of understand-
ing of how human beings can be led astray by subjec-
tive effects and wishful thinking.

The inclusion of material on oceanographic instru-
mentation and sampling techniques has some clear ben-
efits, but also some drawbacks. As the authors note in
the introduction, it is important for oceanographers to
be aware of the capabilities and limitations of the equip-
ment used to make field observations. This is particu-
larly beneficial in cases where a student or researcher
may be working with data from instruments that are
unfamiliar. In an era when a wide variety of data sets
can be obtained on CD-ROM and over the Internet, this
situation arises more and more often. However, in some
cases the authors take this concept too far. For example,
it seems appropriate for the modern oceanographer to
have a working knowledge of the profiling CTD, but it
is not clear that the mechanical bathythermograph is of
more than historical interest. Similarly, features like the
nine-step protocol for preparing an Aanderaa RCM4
current meter, the cutaway view of an Argos Platform
Transmit Terminal and the three pages describing
acoustic releases do not seem particularly useful.

In any review of the rapidly changing field of instru-
mentation and observational techniques, it is relatively
easy to find material that is missing or out of date. For
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example, a brief review reveals the following: the use of
towed devices and autonomous vehicles for the mea-
surement of water properties is not described. The sec-
tion on Eulerian currents includes acoustic Doppler cur-
rent profilers, but no mention of other acoustic Doppler
methods which are rapidly gaining popularity. Recent
advances in estimating precipitation using satellite
methods and alternative approaches such as radar
backscatter are not described. Finally, while the authors
should be applauded for including brief sections on
satellite-derived observations, it is surprising that the
reader is not directed to background material on satel-
lite remote sensing in books such as those by Maul
(1985) and Stewart (1985).

In summary, this book is the most comprehensive and
practical source of information on data analysis methods
available to the physical oceanographer. The reader gets
the benefit of extremely broad coverage and an excellent
set of examples drawn from geophysical observations.
The survey approach purposefully sacrifices depth of
coverage in more complex topics for completeness. The
initial chapters on data acquisition and presentation are
a thoughtful addition, but coverage is uneven and the
material is not essential to the primary mission of the
book. Although very successful as a reference text for the
data analyst, utility could be improved by more careful-
ly selected citations and expanded appendices. The
practical orientation and folksy style provide an excel-
lent complement to traditional texts which take a more
rigorous approach. The nature of the book is appropri-
ately described by the jacket notes which extol the con-
tent as “... both a guide and an encyclopedia to modern
data processing methods in the geophysical sciences”.
An instructor, a student, or a researcher in need of such
a reference will not be disappointed
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