book reviews
Abrupt Climatic Change: Evidence and Implications. W. H. Berger
and C. P. Labeyrie. 1987. 425 pp. $66. Hardbound. D. Reidel.

The field of climatology has emerged during the past twenty years
from the sleepy realm of descriptive geography into, like it or not, the
limelight of the environmental movement. Chief among the causes of
this transformation has been a recognition that significant climatic
changes occur not only at the slow pace of the Ice Ages (roughly a
100,000 year cycle) or longer, but also over time intervals that could
be termed abrupt from the perspective of geological history and perhaps
human history as well. As the title indicates, such changes are the topic
of this book, a collection of individually authored papers from a NATO
Advanced Science Institute conference held in the fall of 1985.
The editors define abrupt change informally as "a surprisingly fast
transition from one [climatic] state to another." Perhaps the record
holder in both surprise and speed is the appearance of the so-called
Antarctic ozone hole, discovered after the conference was organized and not mentioned in this book. A short article by P. D. Jones,
T. M. L. Wigley, and S. C. B. Raper deals with the more familiar
subject of increased global temperatures (possibly due to human-produced greenhouse gases) over the past 100 years; the paper has added
punch today in light of the record-breaking globally averaged temperature of 1987 that was discovered by the same workers. (See the New
York Times, 29 March 1988, or Jones et al., 1988. Good up-to-date
summaries of both the ozone and temperature data are provided by
Richard Kerr's 1988 series of news articles in Science.) Otherwise the
focus of this book is for the most part on climatic changes which are
abrupt in the geological but not the sociopolitical sense. Analysis of
data spanning the past 20,000 years, during which the most recent Ice
Age reached its peak and then ended, receives primary attention, although a few papers on climate theory and modeling appear.
An impolite question that typically arises regarding symposium proceedings is what, if anything, in the book is not readily available in
published journals? The table of contents reveals several papers whose
titles suggest something beyond standard grist for the discipline-isolated
mills, particularly in the introductory section of the book. The editors
lead off with an eclectic overview that serves as a guide not only to
the book itself but also to the literature through 1986. There follows
an intriguing paper by Hermann Flohn. After reviewing additional
examples of abrupt climatic changes, Flohn postulates the existence of
a positive feedback loop involving the frequency of El Nino/Southern
Oscillation events and the amounts of the two chief greenhouse gases
in the atmosphere, water vapor and carbon dioxide, and he speculates
that this feedback loop is responsible for sudden (—100 year) climatic
shifts inferred from ice core data. The C0 connection with ENSO is,
as Flohn admits, controversial, and even the assumption that H 0
concentration increases during El Ninos, while plausible on grounds
that globally averaged temperature rises during such events, is less
than obvious if one examines the data (cf. Ellsaesser [1988] and Prabhakara et al. [1985]). Nevertheless, this hypothesis, like Flohn's earlier
(1974) ideas about the initiation of an Ice Age, provides interesting
food for thought. (Curiously, Flohn makes no reference to his glaciation
hypothesis, but a good review is provided by Schneider and Londer
[1984].)
After an article by C. Goossens and A. Berger (the latter of whom
should not be confused with editor W. H. Berger) on statistical means
of recognizing abrupt changes in the paleoclimatic record, and the
contribution by Jones et al., the papers discuss individual issues in
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detail. Particular emphasis is given to the so-called Younger Dry as
episode, when between 11 and 10 thousand years ago the retreat of
the Ice Age glaciers was temporarily reversed. (The editors informally
confer upon this topic the status of chief theme of the book by reproducing, in the preface, a photograph of Dryas octopetala, the arctic
flower whose remains near Allerod, Denmark, provide evidence for
the episode.) In chapters written by Dorothy M. Peteet and by Stephen
H. Schneider, Peteet, and Gerald R. North, a variety of climate models
are applied to the Younger Dryas. Colder North Atlantic sea surface
temperatures and correspondingly greater sea ice coverage during this
period, compared to either 13,000 or 10,000 years ago, are indicated
from analysis of ocean sediments. With this factor included in the
models as an assumed boundary condition, a substantial cooling of
Western Europe downwind of the Atlantic is predicted, a result that
corresponds in general with the paleoclimatic data for land temperatures
although the more detailed regional and seasonal agreement of models
and data is incomplete, as the authors discuss. Schneider et al. also
point out that the models themselves give inconsistent results when
compared with each other in detail, a familiar problem to those conversant with general circulation model simulations of the carbon dioxide
greenhouse effect. The chapter by Schneider et al. is a welcome exception to the rule that climate modelers from different institutions
seldom get together to compare their results; it includes some intriguing
hypotheses about the extent of the Younger Dryas, which may not have
occurred to the authors had they each examined only results from a
single model.
If the Younger Dryas cooling over land can be understood, at least
in a general sense, as the result of lower sea surface temperatures and
more sea ice in the North Atlantic, then what was the cause of the
Atlantic cooling? An obvious candidate is the temporary shutoff of
what Wallace S. Broecker has called the "oceanic conveyor belt," in
which warm surface waters are carried northward across the equator
into the North Atlantic, then sink and return southward as cold North
Atlantic Deep Water—a circulation that transports heat poleward across
the Atlantic subtropics at the rate of ~10 Watts, an appreciable fraction of total poleward heat transport by the atmosphere and oceans.
The control point for the conveyor belt appears to be the sinking of
cold, salty, and hence dense water in the subpolar North Atlantic.
Salinity, enhanced by evaporation and export of the resulting water
vapor to the Pacific, may be the crucial variable. The chapter by W.
H. Berger, S. Burke, and E. Vincent discusses a hypothesis posed by
Broecker and colleagues that meltwater from the retreating glaciers
diluted the salt and thereby temporarily halted the sinking process,
stopping or even reversing the conveyor belt, during the Younger Dryas.
As usual in paleogeology, the details are confusing. Berger et al. quote
from their own and other studies of ocean sediments by saying that a
shutoff of North Atlantic Deep Water formation actually took place
during the warm period 12,000 years ago, preceeding the Younger
Dryas. However, a more recent examination of the same kind of data
is more in line with Broecker's hypothesis (Boyle and Keigwin, 1987).
It should be noted that Broecker (1987) recently has connected his
ideas about the Younger Dryas and other possible flip-flops of the
oceanic conveyor belt during glacial/interglacial transitions with
the future of the climate on shorter time scales of more immediate
interest to humanity. He draws the general conclusion "that Earth's
climate does not respond to forcing in a smooth and gradual way.
Rather, it responds in sharp jumps which involve large-scale reorganization of Earth's system." Thus the warming expected from humanproduced greenhouse gases may be more troublesome than the gradualistic scenarios produced by the current generation of climate models,
which only crudely represent the oceanic processes discussed above.
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Broecker writes, "We play Russian roulette with climate, hoping that
the future will hold no unpleasant surprises. No one knows what lies
in the active chamber of the gun, but I am less optimistic about its
contents than many." As one of the "many" I find it difficult to
imagine a direct application of Broecker's hypothesis for sudden cooling during the Younger Dryas to the opposite case of greenhouse warming, and also I fail to see how oceanic processes, especially those
involving deep circulation, could generate climatic changes which qualify as a sharp jump on the time scale of a few human generations.
Nevertheless, in light of surprises such as the ozone hole, it behooves
us to stretch our imagination as far as possible, and the study of past
climatic changes is our only method, with the exception of a limited
number of extraterrestrial case studies, of experimentally testing the
validity of the models that we depend on for projections of future
climates.
At the risk of belaboring the obvious, it must be stated that Abrupt
Climatic Changes is far from being a coffee-table book. The text was
laboriously typed by hand onto camera-ready pages, a peculiar way to
produce a book in these days of desktop publishing but standard procedure for the NATO ASI Series. Since illustrations were provided by
the individual authors the quality of the figures varies, with a few bad
cases of overcrowding, or of unattractive old-time computer graphics,
and the occasional multicolored chart transformed into a black-andwhite mystery. The printing, however, is easily readable (not always
the case for the ASI Series; a reviewer of an earlier volume commented
that it appeared to have been typed onto sandpaper before photocopying) and the authors have for the most part been responsible about
providing illustrations of adequate quality.
To sum up, while this book would not be appropriate as an introduction for the novice, it deserves at least a quick look from persons
studying climate dynamics, and more careful reading by those whose
interests focus on the observational evidence of climatic change during
the Holocene—Curt Covey
Curt Covey is a physicist at the Lawrence Livermore National Laboratory in Livermore, California.
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Acidic Precipitation (Parts 1 and 2). H. C. Martin, Ed. 1987. 2171
pp. in two volumes. $240.00. Hardbound. D. Reidel Publishing Co.

These two volumes are the proceedings of the International Symposium
on Acidic Precipitation held at Muskoka, Ontario, 15-20 September
1985. The two volumes, spanning more than 2000 pages, contain more
than 200 research reports, of which approximately 100 deal with aquatic
ecology, 50 with forestry, agricultural, and soil sciences, and 40 with
atmospheric sciences. Also, there are approximately 10 multidisciplinary review papers and 5 papers dealing with economic and social
aspects of acidic deposition. Conspicuously absent are papers dealing
with effects on materials and on human health. The geographical origin
of the authors is approximately 50 percent from Canada, 25 percent
from the United States, and 25 percent from Europe.
From the many different fonts and formats for the papers in these
volumes, it appears that "camera ready" versions were prepared by
the authors. Hints that there was a six-page page limit for the papers
are to be found in the exquisite density of type, tables, and figures in
some papers (notably, papers by Shaw and by Wiman), but if there
were such a limit, it was grossly violated by the vast majority of the
authors. There are many typographical, grammatical, and similar errors
throughout these two volumes, leading me to suspect that the papers
were not reviewed. The sometimes very effective compensation for no
formal review, namely, inclusion of comments made during discussion
sessions at the conference, is omitted. Moreover, when conference
papers appear in a scientific journal (in this case, volumes 30 and 31
of Water, Air, & Soil Pollution), this usually means that the review
procedures of the journal have been followed, but again, I am essentially certain that these papers are unreviewed.
I therefore expect that readers of these two books will become quite
dissatisfied with their editor (better, "coordinator"?). I would have
liked to have seen (1) a better introduction (telling the reader about the
conference, how it was organized, what to expect in the books, how
the review process functioned—if there was one, etc.), (2) more careful
(or even some?) review of the papers (removing some of the at least
1000 typographical and other errors that now appear, errors spanning
from the usual collection of "data is," "different than," "not as,"
etc., through to missing units, tables, and figures), (3) a better index
(I tried on at least five occasions to use it, using important words that,
by then, I knew were included in some of the papers, e.g., "hydrogen
peroxide," "road dust," and "ILWAS," and yet none was included
in the subject index), and (4) the exercise of more editorial authority
(requiring the elimination of significant inadequacies in a number of
papers or omitting these papers from the volumes). Moreover, I expect
that BULLETIN readers will not want to purchase these two books for
their descriptions of the effects of acidic deposition on terrestrial and
aquatic ecosystems. Without the peer-review filter, I found myself
blinded by one of the most glaring problems of our time, the fallacy
of the equivalence of information (vis., that all information is of equal
value).
Nevertheless, when viewed through my own filters, these volumes
(especially part 1) clearly contain a number of interesting and important results in atmospheric sciences. Synopses of some of these papers
are listed below, with the papers identified by their page numbers in
part 1.
A simple correlation derived by Hultberg and Grennfelt (pp. 31-46)
emphasizes the importance of dry deposition of S to forests. With
(%CFC) the percentage Coniferous Forest Cover in catchment basins
in a specific region of Sweden, they find a good correlation for the
total sulfur transport from the terrestrial parts of the lake catchments
© 1988 American Meteorological Society
Unauthenticated | Downloaded 01/09/23 01:43 AM UTC

1071

Bulletin American Meteorological Society
to be S = 11.13 + 0.183 (%CFC), with numerical values in kg S
ha" a" , where 11.13 is the wet contibution at this location.
Schiff et al. (pp. 105-114) have developed a lightweight (7 kg), fast
response (<1 s), highly sensitive (5 ppt) instrument for N0 , which
operates by detecting the chemiluminescence produced when N 0 encounters a surface wetted with a specially formulated solution containing luminol. The only interferences encountered were from PAN
and 0 , with the response to 0 being less than 0.2% of the response
for N0 .
Freiesleben et al. (pp. 135-141) show that there is a dramatic (factor
of 5) decrease in the proton flux in throughfall within approximately
1 m of the tree trunk.
By analyzing 387 precipitation samples collected at Upton, Long
Island, from October 1983 to June 1985, Lee et al. (pp. 1 4 3 - 1 5 2 )
found that the volume-weighted average and maximum (in parentheses)
(JLM concentrations in rain and snow samples were 7(120) for hydrogen
peroxide and 6(60) for formaldehyde. Precipitation-borne hydrogen
peroxide exhibited strong seasonal and diurnal variations, consistent
with a photochemical source; no evidence was found for organic peroxides. Ratios of molar concentrations of N to S were approximately
5 times larger in snow than in winter or summer rain.
At a surface station in central Ontario, Anlauf et al. (pp. 153-160)
found little seasonal change in nitric acid, PAN, and aerosol nitrate
concentrations in air, with PAN accounting for about 30% of the total
nitrate. During pollution episodes and in summer, the molar ratio of
aerosol nitrate plus nitric acid to aerosol sulfate was about 0.1 to 0.2;
during winter, this ratio was an order of magnitude larger (viz., less
sulfate), whereas the ratio of N to S in emissions has little seasonal
variation. Given the N/S ratio of 5 for snow vs. rain seen by Lee et
al. (see previous entry), the following statement by Anlauf et al. (p.
159) is particularly interesting: "Hence, as a result of the marked
decrease in winter oxidation of S0 to [aerosol sulfate] and yet little
change in the net oxidation of N 0 to . . . nitrates, the contribution of
nitrates to potential winter . . . acidity [increases] 5-fold (on a molar
basis) relative to . . . sulfate."
With a tunable diode laser absorption spectrometer, Edwards and
Ogram (pp. 187-194) found the deposition velocity to snow for N0
to be essentially zero and for S0 to be 0.03 cm/s.
Dasch (pp. 205-210) found essentially the same particle dry-deposition velocities for pine needles and oak leaves, more deposition on
the perimeter than the interior of the canopies, and average, wholecanopy, dry-deposition velocities for the interior canopy for sulfate
particles near Detroit in the range of 0.1-0.3 cm/s (and about a factor
of 2 less for lead), although she remarks that these results may be
biased by the sampling height. The summer-season average ratio of
dry-period concentrations 30 m into an oak canopy to those at the
perimeter were 0.77 for nitric acid, 0.98 for sulfate, and surprisingly,
0.98 also for sulfur dioxide (versus, for 80 m into a pine canopy, 0.60,
0.97, and 0.89, respectively).
From the paper by Gatz et al. (p. 245-251) it may not be unreasonable to conclude that paving roads and irrigating farms in North
America has exacerbated the acidic deposition problem.
Summers and Barrie (p. 275-283) conclude that the difference in
chemical transformations of S0 and NO in the atmosphere is the
major cause of the variation of the S/N molar ratio in precipitation
(which in summer, varies from about 0.75 in Louisiana to 1.5 along
the Appalachians in North Carolina to the Maritime Provinces, and in
winter, from about 1.5 in Tennessee to 0.5 in upstate New York to 1.5
in Nova Scotia). From their analysis of the variations in the S/N ratio,
the authors estimate that the ratio of the amount of S0 oxidized incloud to that of N 0 is 1.5 in summer and 0.5 in winter, and that, in
summer, the mean clear-air oxidation rates for S0 and N 0 are definitely less than 2% and 8%/hr, respectively, with their simple but
penetrating model giving best fit with rates of 0.5 to 1 and 2 to 4%/
hr, respectively.
Barrie and Sirois (pp. 303-310) show that 20% of the daily events
deliver approximately 50-70% of the total (wet and dry) deposition of
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sulfate and nitrate in eastern Canada.
Barrie (pp. 765-777) gives convincing evidence that "Arctic Haze"
contributes substantially to sulfate, sulfur dioxide, and nitrate measured
in eastern Ontario during December to March.
With a crude model, Sampson et al. (pp. 801-813) demonstrate that
monitoring of trends in air concentrations and depositions resulting
from changing emissions will need to be maintained for a sufficiently
long time so that the trends can be discerned from "noise" introduced
by meteorology, which was approximately ±50% for annual values
simulated for the years 1976 through 1981.
Shaw (pp. 879-884) makes an important point about emission controls: what might be best for Europe (e.g., after local-emission reductions, essentially a uniform emissions cutback) might not be most
rational for North America.
Whether or not BULLETIN readers will find these summaries sufficiently intriguing to stimulate the purchase of these two books (if
volumes 30 and 31 of Water, Air, & Soil Pollution are not available
and if the cost of these two books, describing not current but threeyear old research results, is no determent), I cannot discern. However,
it is clear (in spite of the many negative comments I have made) that
the acidic deposition research community is indebted to the no doubt
many people who must have invested substantial time in tasks ranging
from hosting the conference to publishing the proceedings. These people, unfortunately unnamed by the editor (but including the editor),
are to be thanked for their efforts and congratulated for their accomplishments.—W. George N. Slinn
W. George N. Slinn is a former member of the AMS Committee on
Atmospheric Chemistry and Radioactivity and a current member of the
AMS Committee on Aerobiology and Biometeorology.
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Monsoon Meteorology. C.-P. Chang and T. N. Krishnamurti, Eds.
1987. 544 p. $85. Oxford University Press.

Since Ramage's (1971) landmark book of the same title, a number of
volumes have been published on monsoon problems, namely those by
Rao (1976), Krishnamurti (1977), Lighthill and Pearce (1981), Das
(1986), Tsay and Anthes (1986), and Fein and Stephens (1987). Of
these, all except Rao's monograph and Das' IMO lecture are edited
collections, and all except the former three appeared just in the last
couple of years. As motivation for publishing the present volume,
Chang and Krishnamurti mention in the preface the accumulation of
research results from the monsoon component of the Global Weather
Experiment, and they indicate a focus on the Asian monsoons.
This volume, arranged in four sections, consists of 15 papers by 26
authors. Section 1, "The northern summer monsoon," contains "Observational aspects of summer monsoon" (T. N. Krishnamurti and M.
Surgi), "Variability and forecasting of the summer monsoon rainfall
over India" (D. A. Mooley and J. Shukla), "A review of recent
research on the East Asian summer monsoon in China" (S. Tao and
L. Chen), and "The early summer rainy season (Baiu) over Japan"
(K. Ninomiya and T. Murakami). Section 2, "The northern winter
monsoon," contains "Synoptic aspects of the wintertime East Asian
monsoon" (J. S. Boyle and T. J. Chen), "Planetary scale aspects of
the winter monsoon and atmospheric teleconnections" (K.-M. Lau and
C.-P. Chang), and "The Australian summer monsoon" (J. L. McBride). The third section, "Heating, topography, and clouds," contains
the following four papers: "Effects of the Tibetan plateau" (by T.
Murakami), "Global and regional distributions of atmospheric heat
sources and sinks during the GWE" (D. R. Johnson, M. Yanai, and
T. K. Schaack), "Precipitating cloud systems of the Asian monsoon"
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(R. H. Johnson and R. A. Houze, Jr), and "Satellite cloudiness in the
monsoon area" (M. Murakami). The final section is entitled "Theoretical and modeling studies" and contains "On the dynamics of midlatitude-tropical interactions and the winter monsoon" (H. Lim and
C.-P. Chang), "Synoptic-scale disturbances in the summer monsoon"
(M. Mak), "Boundary layer dynamics of tropical and monsoonal flows"
(J. A. Young), and "Numerical weather prediction of monsoons"
(T. N. Krishnamurti, S. Low-Nam, A. Kumar, Y. Sheng, andM. Sugi).
An edited collection of papers, as compared with a book by a single
author, runs the risk of lacking coherence, being uneven in quality and
style, and becoming outdated before it reaches print. Chang and Krishnamurti have coped remarkably well with these intrinsic difficulties.
While there is an overall emphasis on MONEX (the Monsoon Experiment) and observations of the FGGE (First Global Atmospheric Research Program [GARP] Global Experiment) year, the papers in general
attempt to place these experiments in context with earlier monsoon
research. Some overlap with the contemporaneous collection of Fein
and Stephens (1987) is perhaps inevitable (the two books have four
authors in common), but there is also duplication between the papers
in this volume. For example, an illustration found in Fein and Stephens's (1987) volume is also reproduced twice in this volume (pp.
22 and 47). The information content of a map from Rao (1976) is
included in an illustration on page 68, and it is again reproduced on
page 27. Similarly, there is overlap in the text. Subject and author
indexes could have been particularly helpful here, although I well know
that indexing is a laborious and uninspiring chore. Literature references
beyond 1983 are rare; I only spotted one more recent than 1985, listed
as "forthcoming," just as some 1984-85 items. I found especially
useful the papers by Tao and Chen, Ninomiya, and McBride, because
up-to-date reviews of the monsoons over China, Japan, and Australia
are hard to come by. I only regret that of the extensive recent research
in mainland China only one contribution was included here. Despite
the book's title one might have expected some consideration of the
role of the ocean in the functioning of the monsoons. However, these
comments are not meant to detract from the overall fortunate choice
of contributors and the great service which Chang and Krishnamurti
have rendered to the scientific Community.
The print and reproduction of illustrations are of good quality. Misprints and bibliographic slips are few. The price is in line with the
current book market but may not allow as wide a distribution as this
volume deserves. Researchers will find it a valuable selection of recent
work on the Asian monsoons.—Stefan Hastenrath
Stefan Hastenrath is a professor of meteorology at the University of
Wisconsin-Madison.
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Vol. 69, No. 9, September 1988
Principles of Ocean Physics. J. R. Apel. 1987. 634 pp. $68.50.
Hardbound. Academic Press.

Our understanding of the physics of the ocean has grown enormously
over the past two decades as data from increasingly complex oceanographic experiments and satellites have been analyzed, the theories
for turbulent fluids on a rotating earth have become more fully developed, and numerical models have become ever more realistic. As the
original literature of the field has grown, so too have the number of
books that seek to summarize our progress. This recent, wide-ranging
book on the principles of ocean physics provides an introduction to a
broad selection of subjects related to the physics of the sea. The subjects
extend from hydrodynamics to optics, including an overview of physical oceanography, the forces acting on the ocean, the equations for
hydrodynamics, the thermodynamics of sea water, geophysical fluid
dynamics, waves and tides, currents and circulation, acoustical oceanography, the electromagnetics of the sea plus the emission and scatter
of radio waves from the sea surface, and optical oceanography. The
material is contained in nine chapters, each of which is largely selfcontained, and includes a bibliography of books, journal articles, and
reports. Five appendixes give useful information on physical, astronomical, and geodetic constants, typical values for oceanographic variables, and dimensionless numbers used in fluid mechanics. The book
does not, however, discuss problems of the role of the ocean in climate
or numerical modeling, nor does it contain much descriptive physical
oceanography, by which I mean a description of the various regions
of the ocean and the physical processes shaping the water masses and
dynamics of these regions.
The book was written for the "reasonably mature physical scientist
who might like to know something of the fundamentals of the quantitative physics of the sea without being put off by having to read
introductory student texts, or diverted by the focus and detail of the
research literature." The development of ideas assumes that the reader
is familiar with the basics of physics, thermodynamics, and calculus,
but little else is required. Keeping this reader firmly in mind, the author
then carefully defines the terms and ideas necessary for understanding
the literature of physical oceanography and the remote sensing of physical processes in the sea. In this way, the reader is brought from the
simplest concepts to the state of development of the field in the midto late-1970s. Although there is little discussion of the most interesting
developments of the past decade, the book does, however, reflect the
author's interest in the observation of the ocean from space; it contains
much up-to-date information on this topic.
The strength of the book lies in its strong emphasis on an analytical
description of the concepts and ideas of physical oceanography in its
broadest sense with the material well-illustrated by nearly 300 figures
and many tables. The descriptions tend to be somewhat lengthy with
fairly complete derivations of the mathematics describing physical concepts. For example, the hydrodynamic equations are developed in 56
pages starting from the conservation of mass and momentum and ending
with the Eulerian equations for a turbulent flow. Various analytic solutions to these equations describing oceanic currents on a rotating
earth are then outlined in a further 95 pages. The exposition is detailed,
but not exhaustive. For example, mesoscale variability, Rossby, Equatorial, Kelvin, and Yanai waves are all described, but not Poincare
waves. The rather complete exposition of ideas contained in this book
contrasts with the much more succinct style of Houghton who covers
similar material pertinent to the atmosphere in a terse 60 pages in The
Physics of Atmospheres.
The major weakness of the book lies in the weak ties between ideas
and observations. The analytic description of physical processes in the
ocean is emphasized far more than the statistical. The real ocean is
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described just enough to illustrate the concepts described by the mathematics, but not further. In this sense, the book only hints at the
complexity of the sea, making the description much too tidy. Missing
is a feeling for the complexity of the real ocean and a substantial
description of observations made in the ocean. Only too briefly do we
glimpse the messy uncertainty of real data and the chaotic dynamics
of the sea. In this regard, the book lacks the more extensive comparisons
of data with theory found, for example, in Neumann and Pierson's
Principles ofPhysical Oceanography and Stacey's Physics of the Earth.
The lack of a statistical description of the physics of the ocean is
bothersome. Physical oceanography is just beginning to expand beyond
its original descriptive phase, and the analysis of observations still
dominates the literature. Without a good introduction to a statistical
description of the ocean, the theory described in the book can be
misleading. For example, the book describes Kelvin, Rossby, and
Equatorial waves. Does the ocean really support such motion? Under
what conditions are these waves important? What is their relative importance, and what is their importance compared with turbulent motion?
Such questions go unanswered, and the book leaves the impression
that wave-like variability of ocean currents is better understood than
perhaps is warranted by existing observations.
The lack of a more detailed description of oceanographic observations also leads to another fundamental problem. Are existing observations adequate for describing the ocean and for unveiling limitations
of the theory, regardless of whether or not the ocean tends to move in
ways described by the theory? Observations of the ocean are noisy,
sparse, and inhomogeneous in time and space. Hence, how are observations analyzed to extract the essential information about the dynamics or physics of the ocean? For an example, turn again to the
concept of wave-like motion in the ocean. How are Kelvin , Rossby,
or Equatorial waves separated from mesoscale variability and the strong
geostrophic turbulence that seems to occur in many regions? Ideally,
observations of the dispersion relations for the flow would be invaluable, but the temporal and spatial time series of motion needed for
computing the relation have seldom been measured, except perhaps in
the Equatorial regions. In the absence of these measurements, what
can be said about the existence of either turbulent or wave-like flows?
Oceanographers have been in the forefront of the development and
application of new statistical techniques, and they frequently use such
techniques as spectral analysis, empirical orthogonal functions, adaptive filters, and objective mapping for quantitative analysis of data. An
understanding of the limitations of the data in physical oceanography,
and the limitations of the techniques used for analysis of the data are
important for understanding the significance of the results in the field.
Yet the concept of a spectrum is only briefly introduced, and it is then
used solely for describing surface and internal waves. The spectra of
other processes such as turbulent currents or planetary waves are not
discussed; and the concepts of adaptive filters, empirical orthogonal
expansions, and objective mapping are not mentioned at all.
Despite the emphasis on an analytic description of the ocean, the
book does go a long way toward meeting its stated goals. It provides
a good introduction to the fundamental concepts of physical oceanography, it contains a broad range of valuable information, it gives
good insight into the theoretical basis of the field, and it introduces
the reader to the recent literature. Physical oceanography now encompasses such a wide variety of topics that no one can hope to keep
abreast of recent developments in all areas. So I expect that the book
will be useful even for those already expert in some aspect of the
physics of the sea. Thus an expert on ocean dynamics might fruitfully
read the chapter on electromagnetism and the sea to learn more about
radar scatter from the sea used for measuring winds and currents from
space. Nor is the emphasis on theory necessarily misplaced. Others,
such as Stern, in his Ocean Circulation Physics, have written with
similar emphasis on ideas and concepts with good results, and I expect
that this book too will be well received.
In summary, I recommend the book to the reader who needs a good
introduction to the physics of the ocean in its broadest sense with an
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emphasis on the theoretical foundations and concepts of ocean dynamics, waves and currents, thermodynamics, optics, acoustics, and remote
sensing. No other single book provides such a useful introduction to
so many aspects of physical oceanography in a form that is so well
illustrated and easy to read. Furthermore, the book is well edited, and
it appears to have few errors. It was a pleasure to read.—Robert Stewart
Robert Stewart is an adjunct professor at the Scripps Institution of
Oceanography, University of California, and a senior research scientist
at the Jet Propulsion Laboratory, California Institute of Technology.
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Clouds in a Glass of Beer. Simple Experiments in Atmospheric
Physics. C. F. Bohren. 1987. 195 pp. $12.95. Paperbound.

This is a delightful book which leads the reader enthusiastically on a
tour through the realm of atmospheric physics, stopping en route to
address those phenomena that can be most readily perceived by our
natural senses and to suggest ways in which the explanations can be
confirmed by simple experiments. The subjects included are thus largely
optical in nature or, as in the case of clouds, have a visible outcome,
and range freely from cloud microphysics, heat transfer, and atmospheric pressure, to radiation and optics.
The content and style of the book will be familiar to readers of
Weatherwise, in which the author has presented earlier versions of
much of the material. While this style is refreshingly lighthearted, it
should not be assumed that the subject matter is treated casually. Bohren
is a master at providing clear explanations of complicated physical
processes. He accomplishes this without the aid of mathematical crutches
and without introducing erroneous simplifying concepts that may have
to be unlearned at a later stage. In fact, he takes pains to debunk
imprecise concepts that occasionally appear in elementary texts, such
as "cold air can't hold as much water vapor as hot air."
The text is very liberally illustrated with diagrams and black-andwhite photographs, many of which originate with the author. Most of
these are distinct assets to the book. However, a few figures fail to
make the intended points, due perhaps to the quality of the reproduction,
and these would have been better omitted.
I found the book to be most readable and it should appeal to a wide
range of readers—from the interested high school student to the researcher in the fielc}. It should certainly be read by anyone in the
business of atmospheric science education as here they are bound to
find useful examples and experiments that help to explain many atmospheric physics processes. My favorites were crushing empty pop
or beer cans using atmospheric pressure, and applying the physics of
surface tension to keep a bathroom mirror from fogging over.—Roger
Davies
Roger Davies is associate professor of meteorology at McGill University, Montreal, Canada.
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