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Book reviews

The Australian Weather Book by
Keith Colls and Richard Whitaker
(Child & Associates, 1990) ISBN
086777 3030. 175 pp., $35.00.

In dispute with an old adage, this book fulfils well
the promise of its hard cover, embossed with a
glorious sunset on a still evening, and a by-line to
teach us how to understand our climate. My rapid
thumb-through the clearly set out text, well-illus-
trated with colour photographs and explanatory
maps and diagrams, stimulated an urgent appetite
to taste the ingredients, with a ready coffee supply
on hand.

With a reviewer’s objective task in mind I set
down twenty topics of personal interest which I
hoped, optimistically, 1 would find covered. |
found seventeen of them. I gave my first priorities
toa good index and a glossary of terms. Both were
there, the first with a helpful preamble, ‘Numerals
in bold type denote maps, tables, diagrams etc.,
those in italic type denote photographs’; the glos-
sary, somewhat limited, but with recommen-
dations for further reading. My missing topics
referred to: the role of WMO (admittedly quoted,
but spelt incorrectly, in references for further
reading) — the sign of my having been a meteor-
ological bureaucrat; a description of storm surge
— a personal interest in the world’s greatest
cyclone-killer, and possibly Australia’s greatest
hazard risk should the greenhouse forecasters (as
distinct from the Bureau’s inhouse forecasters)
prove correct — cyclone Althea (Townsville,
1971) might well have deserved a mention; and
crop-weather and other weather-sensitive agri-
cultural relationships, which might have been
included in the discussion on weather and Aus-
tralian society — this chapter seems to have been
limited to human and epidemiological aspects,
and not economic consequences. My longest bow
for a topic was drawn on the northwest cloud-
band, and the arrow hit the target bullseye. These
5°-wide frontal cloudbands, say the authors, may
extend from southeast Australia northwest to
Indonesia, and are a most impressive sight on glo-
bal satellite imagery. I have often observed a vis-
ual link of typhoon outflow in the South China
Sea during the southern hemisphere winter as a
possible source of their upper-level moisture.

The Australian Weather Book comprises an en-
couraging foreword by Professor Ann Henderson-
Sellers; an introduction in which the authors state
that one purpose of the book is to communicate to
the reader some of the beauty, awe and wonder of
weather phenomena; and nine chapters of
thought-provoking text (my coffee kept getting
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cold). The first chapter, ‘In the Beginning’, is a
fascinating historical account of the spectrum of
meteorological wisdom which bridges the gap
between myth, the fragility of folklore, man’s
progressive deployment of scientific principles to
the practice of weather forecasting and climate
measurement, and generous reference to Aus-
tralia’s pioneering weathermen whose names
should always be revered as contributing to a fed-
eral system of weather services, culminating in the
establishment of the Commonwealth Bureau of
Meteorology in 1908. Chapter 2, entitled ‘The Cli-
mate of Australia’, summarises the weather and
climate as we know and experience it, in all its
diversity, aided by sets of handy maps and
selected tables. These cover the distribution and
extreme values of the parameters, and phenom-
ena, of rainfall, temperature, snow, frost, thunder-
storms and hail, sunshine and cloud cover, evap-
oration, drought and flood, tropical cyclones,
winds, humidity and climatic discomfort, in the
order quoted. Chapters 3 to 5 discuss, in
sequence, the ‘General Circulation of the Atmos-
phere’ focusing on horizontal and vertical wind
circulations in the polar, high and middle lati-
tudes, and the tropics, applying the principle of
conservation of angular momentum to a rotating
earth of constant temperature, as well as the
somewhat mysterious El Nifio and Southern Os-
cillation effects — though the latter might well
have been illustrated with annual indices; fol-
lowed by ‘Macroscale Circulations’ dealing with
the significant pressure, Coriolis, centrifugal, fric-
tional and gravity forces which determine the
structure and behaviour of commonly-observed
synoptic features we watch on TV map dis-
cussions; and ‘Mesoscale Circulations’ such as the
diurnally-varying sea and land breezes, mountain
and valley winds and other effects at the interface
of the land and oceans which may generate local
weather, wind and cloud effects, somewhat inde-
pendent of the broader scale synoptic patterns but
which, nevertheless, greatly influénce how we
perceive and enjoy our local atmospheric en-
vironment each day, irrespective of circulation
theory.

Clouds are the visible aggregation of suspended
water droplets whose unsurpassed, gratuitous
beauty is generally unobserved by ‘those who pass
by’ except when their dark shadows threaten ap-
proaching rain squalls. Their immortality is pre-
served in the contrasting interpretations depicted
in the landscape paintings of Turner and Con-
stable. Clouds mirror the changing synoptic
weather patterns in their organisation, and pre-
cipitation potential. Chapter 6 describes the indi-
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vidual categories of high, middle and low-level
clouds which feature in Australian skies, the dif-
ferent condensation mechanisms which lead to
their formation, and their association with signifi-
cant weather events. Chapter 7 illustrates the
meteorological instruments used for measuring
the more familiar ground-level weather par-
ameters of atmospheric pressure, temperature,
rainfall, wind, humidity and evaporation and ex-
plains the precautions which should be taken to
ensure their representativeness for national and
international comparison. Brief descriptions are
given of how weather is observed by satellite,
radar, drifting buoys, balloon flights and auto-
matic weather stations. A pity Galileo and
Torricelli aren’t alive today to see how the devel-
opment of modern meteorology has depended on
their respective inventions of the thermometer
and mercury barometer.

Perhaps because of the voluminosity of the
topic, the chapter on ‘Weather and Society’ is
largely limited to the subject of biometeorology
and the links between weather and aspects of
physical disease, stress, discomfort and be-
havioural patterns. No specific reference is made
to the links between weather and the multitude of
economic and industrial activities which rely
upon tailored meteorological forecasts and cli-
matic information for their operational and econ-
omic effectiveness. To this extent readers expect-
ing the authors to point the way towards utilising
the vast potential of weather intelligence for in-
dustrial productivity and pecuniary gain may be
disappointed. This chapter concludes with de-
scriptions of the impact of a number of Australia’s
most recent quick-onset disasters but does not
include mention of the more pervasive ones such
as drought, wind and water erosion, and desertifi-
cation. Queries as to how weather forecasts are
actually compiled and verified and whether the
technological advances have been translated into
equivalent forecasting advances are apparently
outside the intentions of the book. We have been
given the observations and the theory. The chal-
lenge is thus up to us to become Australian-
weatherwise.

The concluding Chapter 9 presents a quite en-
grossing discussion on climate and climate change
over the last 4700 million years in which, but for
the possible contributions of the human animal,
contemporary changes might seem as but a small
drop in a large ocean, in relating cause to effect.
This chapter takes us through the scale, physical
basis, and variability of climate, climatic change
theories and hypotheses (galactic, variable star,
relief, oceanographic barrier, polar coincidence,
eustatic, atmospheric), and the effect of man’s
activity (greenhouse, ozone depletion). Will
future man view the latter influences as the real
reality or in the same vein as the speculative fan-

tasies of earlier times? Our children’s children
should be able to cast a credible opinion.

Errors in the book are more entertaining than
serious. The two-colour cloud photographs facing
the book’s introduction are labelled: ‘Large cumu-
lus clouds. These clouds can tower up to 7 or §
metres into the atmosphere’ — the photographer
was not a Mr Gulliver; and ‘Altocumulus cloud is
often mixed with altostratus clouds and can pro-
duce heavy showers [sic]’. The rather limited cli-
mate records presented have sustained interstate
rivalry by stating that Darwin is the hottest capital
with Perth coming second, whereas the records
prove Brisbane comes second. Darwin is rated as
the wettest capital although for five successive
months it is the driest. Maybe we ail have our
definitions of what constitutes wetness, dryness,
heat and cold. I cringed when I saw the diagrams
of tropical cyclone tracks: at least five of the so-
called erratic tracks appeared quite non-erratic to
me; and a 1000 million potential readers would
not agree that cyclones do not form in the Bay of
Bengal. I noticed also that cyclone Tracy accumu-
lated an additional 16 victims between pages 52
and 144. The latter total of 65 deaths is correct.
The damages estimate of Tracy of $100 million is
at least a tenfold underestimate.

This admirable book represents a significant
advance on the American Weather Book (David
M. Ludlum, Houghton Mifflin Co. Boston, 1982)
which focuses more on descriptions and records
of disastrous weather phenomena in each of the
US States. Its appeal should be general to all who
appreciate the significance of weather in our
national and global survival and prosperity. Even
environmentalists, if they can find time, would
enjoy these cause and effect descriptions of the
prime environmental science.

R.L. Southern

Bob Southern is a Tropical meteorologist who now conducts reg-
ular cyvclone workshops for the Asian Disaster Preparedness
Center in Bangkok and other Asian areas.

Carbon Dioxide and Global Change:
Earth in Transition by Sherwood B.
Idso (IBR Press of the Institute
for Biospheric Research Inc., 1989)
ISBN 09623489 10. 1ii + 292 pp.,
$US19.95.

‘I think there is, however, a different way we can
look at the . .. problem’
Amory Lovins (1980)

Sherwood B. Idso has been one of the people who
thinks that there is a different way of looking at
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the greenhouse problem. He has thought this and
stated it for well over a decade now. He has not
been prepared to accept, without challenge, the
results from the coarse mathematical approxi-
mations to the climate system which we call gen-
eral circulation models. He believes that we must
bring all our scientific armoury to bear on the
problem, including empirical evidence. He has
used empirical evidence to force modellers to
defend and refine their assumptions and the
model results. This book is a natural evolution of
that process. He devotes 5 chapters of an 11 chap-
ter book to comparing and contrasting the mod-
elling, historical and other empirical evidence as
he sees it.

He states clearly in this book that in his view the
models to date are sufficiently deficient in para-
metrisations and approximations (and omissions)
that they get the answer wrong — so in his view the
debate goes on as strongly as ever. This book is,
however, more than his side of the debate with the
modellers. Idso has widened the whole discussion
out beyond that normally covered in the standard
greenhouse debate by incorporating the long-term
geochemical perspective. He has also spent 4
chapters discussing the impact on plants and
animals of CO»-enrichment, including the impact
in the presence of environmental stresses.

In the final section ‘Whither the World?’, Idso
states:

‘In light of the current inability of state-of-the-

art GCM-type models to make valid climate

predictions, we are left with empirical projec-
tion as the only viable alternative for assessing
the climatic course of the Earth in response to

CO2/trace gas forcing.’

This is a bold statement indeed. It throws out a
single-handed challenge to the scientific assess-
ment currently underway at the instigation of the
Intergovernmental Panel on Climate Change. As
Idso suggests, should empirical projections be
adopted unequivocally in place of model results?
Who can say with a high level of confidence that
empirical projections will provide more accurate
forecasts? At this stage in the development of our
knowledge, should we place too much faith in
either side/method? When the results from the
two methods converge, and we understand why
they agree, that may be the time to have very high
confidence in climate forecasts for the next cen-
tury.

Turning now to style, I thought the book was
generally well written, with clear straightforward
language. One 55-word sentence was an exception
however:

‘Both approaches suggest that as temperature

rises, the rate of CO2 sequestering is intensified

by an amount which lowers the atmospheric

CO2 content by the degree required to reduce

its greenhouse effect by just a little iess than

what is needed to compensate for the increase

in temperature caused by the increase in solar

luminosity.” Got that!

For a relatively small book, 292 pages in all and
only 1335 pages of text, the reference list is one of
the most extensive I have seen — 100 pages; while
the cross-referencing available via subject index
and author index is also extensive — 31 and 25
pages respectively. In all there are 206 + 145 +
220+ 74 + 395+ 8 + 526 + 338 + 121 + 62 +
77 references (each of the 11 sections of the book
listed separately), a total of 2172 references.

Since this is quite a feat for a single author, it
seemed appropriate to review the reference sec-
tion in its own right. Over 2000 references? A
significant proportion were referenced more than
once in more than one section. Even so, there were
probably about 1500 unique references. They
were compiled in numerical order according to
the superscripts in the text (a la the referencing
system of Nature). Each section was separately
referenced in this manner. Many people prefer
reference sets to be in alphabetical order by au-
thor. The compilation in Idso’s book can be
accessed easily, however, by use of the author
index at the back which points exclusively to the
reference lists, not to the pages of text (even if the
author’s name is quoted in the text).

A random check was made of a small selection
of the references, and all were found to be com-
pletely accurate. Given that there were some
minor typing errors through the text, it is reassur-
ing that the accuracy of the references makes them
highly usable.

‘The chronological distribution of references is
shown in Figs 1 and 2. These figures show that
some historical perspective has been provided to
the climate and greenhouse issue — extending toa

_handful of references from last century (Fig. 1).

Fig. 1 Reference count by decade (except for first bar
which represents the century 1800-1899).
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Fig. 2 Reference count by year for the last decade.
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Nevertheless there is a strong emphasis on very
recent references (Fig. 2). The spread does seem a
good one, however, for background reading and
delving further into the broader and related as-
pects of the CO»/greenhouse issue. The blurb on
the back cover of the book states that approxi-
mately half the references are from the last five
years (1984-1989) — this is correct.

There is much to debate in this book. Anyone
who wants to challenge their own comfortableness
with the standard greenhouse theory, anyone who
wants a good debate to test out their own assump-
tions, should read this book. Likewise, anyone
who is interested in the longer term history of the
earth and its evolution to and beyond the current
situation, could use this as a valuable starting
point to a much wider reading into planetology
and beyond.

I am still being challenged by this book. I hope
you will be too when you read it. As Amory Lovins
inferred in the quotation which opened this re-
view, to come at a problem from a different angle,
a different perspective, allows us to check, to
double check and to progress our scientific the-
ories. The other significant feature of this book,
the comprehensive reference source to mid-1989,
would surely be a useful addition to any personal
library shelf.

References

Lovins, A. 1980. Soft energy paths. In The Schumacher Lectures.
S. Kumar (ed.), Blond and Briggs, London, 28-69.

Mary E. Voice

Mary Voice is head of the Climate Analysis Section in the
Bureau's National Climate Centre. She is interested in climate
services and climate education.

Chemical Oceanography, Volume 10
— SEAREX: The Sea/Air Exchange
Program edited by J.P. Riley and
R. Chester with guest editor, R.A.
Duce (Academic Press, 1989)*
ISBN 012588610 1. xvii+ 404 p.,
$182.80.

To many marine chemists, Chemical Ocean-
ography is the premier monograph series in the
subject area. Volume 10 continues this tradition.
SEAREX, the Sea/Air Exchange Program, is the
common thread that runs through this volume.
Added to the usual editorial team of J.P. Riley and
R. Chester, as a guest editor, is R.A. Duce. This is
a worthy change since Robert Duce is eminent
among chemists studying air-sea interactions. He
was also a principal designer and leader of
SEAREX.

SEAREX began in 1977 with field studies at
Enewetak Atoll. Over the next ten years the pro-
gram blossomed: intensive field experiments were
carried out at locations covering the four major
wind fields of the Pacific Ocean; an extensive
network of remote sampling towers was set up on
islands throughout the Pacific region, from New
Zealand to the Arctic. There were also many per-
ipheral investigations. Scientists from 16 inter-
national institutions (mainly United States) took
part in the program and 24 of them contributed to
this volume. The same authors were well rep-
resented in the recent NATO Advanced Study
Institute on the Role of Air-Sea Exchange in Geo-
chemical Cycling,t and are acknowledged leaders
in atmospheric and marine chemistry.

In the first chapter Duce introduces SEAREX,
its background and objectives, and offers some
interesting insights to the logistics of the program.
Next, Merrill outlines the meteorological aspects
of atmospheric long-range transport to the Pacific
Ocean. He concentrates on modelling techniques,
and the results generated by the models. The de-
termination of back trajectories by isentropic
analysis will be enlightening for non-meteorol-
ogists.

The main body of the volume is devoted to air-
sea exchange of specific chemical elements, chem-
ical compounds, or groups of these. A string of
four chapters considers trace elements either indi-
vidually or as a group. Turekian, Graustein and
Cochrane describe the utility of 210Pb as an aero-
sol tracer in studies across the Pacific. Stable lead
derived from industrial and natural sources, and
its input flux to the mid-north Pacific Ocean is the

*Available in Australia through Harcourt Brace Jovanovich
Group (Aust.) Pty Ltd.

+The role of air-sea cxchanges in gcochemical cycling. P. Buat-
Ménard (Editor) NATO Advanced Study Institute on the Role
of Air-Sca Exchange in Geochemical Cycling. Reidel, Dordrecht
(1986). 549 pp.
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subject of the chapter by Maring, Patterson and
Settle. In a chapter on trace elements in general,
Arimoto, Duce and Ray begin with a broad dis-
cussion of the sources and concentrations in the
marine atmosphere over the Pacific Ocean, and
then consider removal processes, and the signifi-
cance to the ocean of inputs of some aerosol
metals (Al, Fe, Mn and V) and the inorganic
nutrients. Fitzgerald very effectively describes the
atmospheric and oceanic cycling of mercury with
reference to its biogeochemical context. He also
stresses the importance of the analytical tech-
niques in operationally defining the speciation of
mercury.

The contribution by Prospero, Uematsu and
Savoie on mineral aerosol transport to the Pacific
Ocean seems out of place in the middle of the vol-
ume. It duplicates some of the information in the
earlier chapters, and might have been better
placed immediately after Merrill’s paper on the
meteorology of atmospheric long-range transport.
Nonetheless, it is a useful contribution on bulk
aerosol properties and the transport processes (in-
cluding a subsection on Australian dust storms).

A topic of current interest is the significance of
atmospheric sulphur species to global climate.
The distribution of two forms of atmospheric sul-
phur, non-seasalt (nss) sulphate and methanesul-
phonate, are discussed along with aerosol nitrate
by Savoie, Prospero and Saltzman. The authors
report geographical and seasonal variations of
these compounds, but only briefly consider the
possible long-term implications for climate.

The central theme of the next three chapters is
organic compounds in the marine atmosphere.
Buat-Ménard, Cachier and Chesselet use stable
carbon isotope ratios (!3C/12C) and size fraction-
ation as their tools to identify sources of particu-
late carbon in the marine atmosphere. They con-
clude by estimating the net atmospheric input of
particulate carbon to the World Ocean. Peltzer
and Gagosian report on the use of six organic
compound classes (aliphatic hydrocarbons, wax
esters, fatty alcohols and sterols, fatty acids, and
long-chain unsaturated ketones) to source aero-
sols. These compound classes are representative
of the major portion of waxes of land plants, and
lipids of marine organisms. The signatures of the
organic compounds in the sampled aerosols agree
well with estimated back trajectories of the air
masses in the Pacific region. The human influence
upon atmospheric chemistry is addressed by Atlas
and Giam in their chapter on the air-sea exchange
of ‘high molecular weight synthetic organic com-
pounds’; their main interest is halogenated hydro-
carbons. They discuss the air-sea exchange pro-
cesses of these mainly gaseous compounds, and
conclude that synthetic halogenated hydrocar-
bons, such as pesticides, are not particularly use-
ful as markers of anthropogenic input to the cen-
tral Pacific Ocean.

The final chapter is almost a cameo piece from

“Turner and Liss that describes the development of

cryogenic samplers for trapping trace gases in the
sea-surface microlayer. Initial tests were with
methyl and ethyl halides. The ‘cryo-samplers’ of-
fer advantages over earlier micro-layer samplers,
but still themselves require further improve-
ments.

The SEAREX work, as emphasised in many of
the chapters, has shown that the results from
regions of the Pacific Ocean cannot be readily
extrapolated to all global regions. Dusts and aero-
sols are often very characteristic of their source;
material derived from Chinese deserts will have a
composition quite unlike that originating from
arid regions of Australia.

This volume of Chemical Oceanography has the
advantages and disadvantages of a multi-author
publication. It provides specialised and critical
discussion of the air-sea exchange processes of
diverse chemical substances. However, the book
as a whole is a little disjointed, and some import-
ant aspects of marine atmospheric chemistry that
were not part of SEAREX (COg, for example) are,
understandably, not covered. Most results from
SEAREX have been published in primary jour-
nals, but this monograph very effectively gathers
together and reviews the major outcomes of the
program. The bibliographies and index are useful
and almost free from errors, and the artwork is
generally of a good standard. Chemical Ocean-
ography, Volume 10 is highly recommended for
scientific reference libraries, but its price may
deter individuals who are not specialising in air-
sea exchange processes.

Edward Butler

Edward Butler, of the CSIRO Division of Oceanography. has
research interests in metalloids and non-metals in marine waters,
redox chemistry of natural waters. marine CO; chemistry, and in
the development of chemical sensors.

Upper Atmosphere Models and
Research edited by M.J. Rycroft
(Pergamon Press, 1989) ISBN
008 0401678. US$78.00.

This volume contains 33 papers from three work-
shops held during the 27th COSPAR meeting in
Finland in 1988. The typescripts of the authors
were photoset in producing the book, which in-
evitably results in a patchy appearance from
paper to paper. The substance of the papers is
highly variable, ranging from quite terse sum-
maries to very substantial documentation of high
quality research. Overall, probably only meteor-
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ologists with an interest in the middle atmosphere
would find the papers relevant to their speciality.
The first workshop was concerned with up-
dating the COSPAR International Reference
Atmosphere (CIRA) for 1986 and only 4 papers
were presented. Of perhaps most value to
meteorologists in the whole volume was the first
paper on global climatology between 0-120 km.
Latitude-height cross-sections of the mean zonal
wind and zonal mean temperature are presented
for January and July for all latitudes. The biggest
change appears to be that the maximum wind
speed in the northern hemispheric winter in the
mesosphere has been reduced from its long-time
“value of 80ms~! to 60ms—! The southern
hemispheric winter maximum in the mesosphere
retains a value of 80 ms—!, while both hemi-
spheres have summer easterly maxima of
60ms—L
This section also included a paper in which den-
sity data derived from shuttle re-entries were
compared with standard atmospheres. It is the
inclusion of very specific studies such as this
which tends to give the volume as a whole a
somewhat disjointed appearance.
The next section, on trace constituents of the

middle and upper atmosphere, consisted of 9

pages, covering disparate subjects ranging from
reference values of minor constituents to numeri-
cal simulation of atomic oxygen and nitric oxide,
produced in what appears to be a rather impress-
ive thermospheric model developed at University
College, London. Of considerable value are data
on ozone concentrations for the four seasons,

from approximately 25 to 90 km and 80°S to 80°N.

Results are presented in pictorial as well as a more
limited tabular form, and a discussion of day/
night changes in the mesosphere is included. This
is a very useful data source for middle atmos-
pheric general circulation modelling and chemical
modelling. Similar presentations are made for
water vapour densities, including estimates of
standard deviations.

Of interest to greenhouse research are exper-
iments seeking to quantify trends in minor con-
stituents in the stratosphere, such as methane.
One of the impressive features apparent from a
number of the observational papers presented in
this section is the overall consistency between pre-
dictions from chemical models and measured
species concentrations.

The final workshop was concerned with the
localised response of the lower thermosphere and
ionosphere at high latitudes, and consisted of 20
papers. Very little of this section would be intel-
ligible to most meteorologists because of the high
degree of specialisation in the selected topics.
However, modellers especially might obtain some
useful insights into how other scientists deal with
complex four-dimensional physical problems,

and the manner in which some of the results are
displayed.

A mixture of observational and modelling
papers is contained in this section with no obvious
connecting theme. Again, the most outstanding
results were produced by the University College,
London thermospheric model, with no less than
25 per cent of the papers being based on this
model. The general utility of the model was dem-
onstrated by the wide range of problems con-
sidered, which ranged from global simulations of
the seasonal response of the thermosphere to
propagating tides. Observational papers covered
measurements of electron densities, ion veloci-
ties, wind speeds and electron heating rates,
amongst other variables, which gives some indi-
cation of the breadth of the topics considered. The
results in this section would be of considerable
interest to the ionospheric physics community
present in Australia.

Overall, this volume would have been substan-
tially improved by some critical editing in certain
parts, and perhaps a review article summarising
the status of the subject in each section. At US$78
it is not a cheap buy even in these inflationary
times, and probably few individual scientists, at
least in Australia, could afford to buy it.

B.G. Hunt

B.G. Hunt is Program Leader for Water Resources and Climate,
and Chief Scientist in the Centre for Drought Research of the
CSIRO Division of Atmospheric Research.

Operational Analysis and Prediction
of Ocean Wind Waves by Madhav L.
Khandekar (Springer-Verlag, 1989)
ISBN 3 54097150 5. viii + 214 pp.,
DM77.00.

Formalised wave forecasting began to support
maritime operations during the Second World ~
War and it continues today for the same purpose.
However, new uses are being found for wave fore-
casting. One is the production of design statistics
for the offshore industry and another is the quest
for explaining climate change. We now recognise
that waves play some role in the exchange of heat,
mass and momentum at the sea surface. From a
local perspective, the Southern Ocean below Aus-
tralia has a climate of very large waves and it is
here the influence of waves may be the most
important in modifying the transport of mass heat
and momentum between the atmosphere and the
ocean.






