book reviews
The Influence of Climate Change and Climatic Variability on the Hydrologic Regime and Water Resources. S. I. Solomon, M. Beran, and W. Hogg,
Eds. 1987. 640 pp. $55.00. Paperbound. IAHS
Press.
The 54 papers in this volume were presented as part
of a symposium organized by the Commission on
Surface Water, on Groundwater, and on Water Resources Systems of the International Association of
Hydrological Sciences during the 19th General Assembly of the International Union of Geodesy and
Geophysics in Vancouver, British Columbia, 9-22
August 1987. The papers, all but six in English, have
been separated into six major divisions: definitions
of climate change and climatic variability in hydrology; climate change proxy data; climatic variability
and stochastic hydrology; climatic change and river
basin characteristics; climatic change and water resources systems; and man's influence on the hydrologic regime.
The subject matter of the symposium is both vital
and appropriate. It is increasingly clear that variability is the norm of climate (a fact possibly better understood by climatologists than by engineers, hydrologists,
and planners) and that as climate changes, whether
naturally or under the willful or inadvertent actions
of humans, the consequences will be significant and
far-reaching. The hydrologic implications of such climatic variations will certainly be regional and possibly even continental or global.
The past few decades have provided us with a plethora of models, simulations, and research results
suggesting that large-scale climate variations are not
only possible but quite imminent. Such worldwide
climatic vicissitudes must result in significant changes
in present hydrologic regimes with major shifts in areas
of snowfall and snowmelt, river runoff, soil moisture
storage, and ground water recharge. Thus, it is not
only timely but appropriate that responsible scientific
groups bring together their best minds to assess the
state of knowledge, to make suggestions for possible
future scenarios, and to indicate where future work
is still necessary. This symposium and the resulting
book focuses the attention of all interested individuals
on this problem of concern for the coming decades.
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The first section on definition of climate change
and climate variability contains nine papers that look
at trends in rainfall or runoff records, the climatology
of wet or dry periods in western Canada, and changes
in glacier runoff, but they add little to our understanding of the definition of climate change as opposed to
climate variability. In fact, it is in an article by Moss
and Tasker on stochastic hydrology that we find that
"the most variable aspect of climate over the recent
past has been its definition" (p. 201). Whether or
not one is willing to agree with this assessment, it
does point out the need for dealing with the problem
of loose terminology in the application of terms such
as fluctuation, variation, and change. It would have
been helpful to have one or more papers with a more
rigorous statistical treatment of climatic records (or
hydrologic records that reflect climatic trends) to permit scientists and planners from different backgrounds to put the much anticipated greenhouse
warming into its proper perspective in terms of historical (or even geological) climate variability.
The second section on the use of proxy data to
evaluate climate change is a logical sequel to a section on the definition of climate variability. Instrumental records or direct hydrologic observations are
seldom long enough to identify fluctuations or changes
in a field with as much variability as climate. Thus,
we must turn to other records (proxy data) to lengthen
our period of understanding. This is a relatively new
area of hydrology but, in view of the predicted climatic variations of the next fifty years, one can only
hope that this area will receive significant attention.
Papers on the use of slackwater deposits and paleostage indicators, tree ring data, changes in recharge
using a chloride mass-balance approach, and the use
of lake sediments to quantify long term environmental response to pollution from various sources, all
suggest important techniques to increase our understanding of the relation between climatic factors and
hydrologic responses using other than instrumental
records.

The ten papers on stochastic hydrology seem to be
well focused. Moss and Tasker, in their keynote paper, identify three major roles for stochastic hydrology: "(1) a language for description of the uncertainties
of hydrological processes, (2) a vehicle for the development of hydrologic insight, and (3) a tool in
water-resources decisionmaking" (p. 201). They point
out, correctly, that stochastic hydrology must be de53
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veloped to a higher scientific level than previously if
it is to provide answers to the hydrologic-climate uncertainties of the future. The following paper by
Schadler provides an interesting analysis of a long
water balance time series from the upper basins of
four European rivers. He concludes that time series
of individual water budget components can be used
to recognize climatic variations as well as to verify
climate models. The remaining papers in this section,
more methodological in nature, discuss the analysis
of precipitation patterns over time using both ordinary and adaptive Kalman filters; the role of fractional
difference models in providing more flexibility in simultaneous modeling of short and long-term characteristics of time series; a method to disaggregate
monthly rainfall records to shorter time periods for
water balance modeling; the development of a spacetime transfer function-noise explanatory model and
its use in understanding the rainfall-runoff process;
the use of combined Fourier-ARIMA modeling of
multiannual variations in stream discharge; the
modeling of a nonstationary process applied to rainfall data; and the use of a Bayesian framework to
forecast hydrologic parameters under changing climatology. All these papers point the way to the development of a more rigorous and useful stochastic
hydrology.
The fourth group of papers—eight in number—deals
generally with how climatic change has influenced
river basin characteristics. Verhoog, in his keynote
paper, points out the current interest in changes in
the morphology of river basins as related to the hydrologic regime. He qualitatively estimates the effect
of possible changes in precipitation and temperature
on runoff, vegetation cover and channel morphology.
While hard data are lacking, the article raises important questions concerning the many complex interrelations involved in any simple modification of
temperature or precipitation factors. The following
papers provide more quantitative information on specific impacts on river basin morphology. These include the effect of droughts or alternating floods and
droughts on channel morphology; whether the Athabasca sand dunes are disappearing as a result of
changing climate; the glacial and hydrologic regimes
of two Chinese glaciers; the effect of climatic warming on hydro-power production; and the impact of
future global climate change on regional hydrology
as illustrated by hydrographs of monthly and seasonal
streamflow and soil moisture in California. These papers generally make the implicit assumption that global
climate is getting warmer and thus are directed toward evaluating the types of changes in river basin
morphology that will accompany such a climate
change.
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The eleven papers in the section relating climate
change to water resources systems are introduced by
Askew's broad overview of the problems. He recognizes that the whole question of the impact of climate
on water resources crosses the interfaces separating
climate, hydrology, water-resources systems, and society. Many specialists must be involved in the understanding of such interrelations and he wonders if
current tools and approaches are even appropriate
for the new environment that may result. The remaining ten papers develop this theme somewhat by
looking at such things as the need for hydrologic land
surface modeling compatible with existing GCMs,
different responses of large and small basins to the
drought of the past 15 years in western Africa, variability of African water resources, and climate change
and water resources in the Great Lakes. The remaining three papers, of considerable interest because of
their subject matter, might well have been included
in other sections. They include a paper on the effect
of climate change on isotopic composition of groundwater in the eastern Mediterranean which might have
been in the section on proxy data, a look at the changes
in water quality parameters of a shallow eutrophic
lake in relation to meteorologic and hydrologic elements that might have been included in the section
on stochastic hydrology, and an evaluation of hydrologic design criteria and climate variability that
could have been in the last section of the book on
anthropogenic influences. Such minor organizational
problems, however, do little to detract from the usefulness of the information presented.
The last section of eight papers looks at man's influence on the hydrologic regime. This is not to say
that many of the earlier papers did not also touch on
that theme for it is difficult to look at the problem of
variation in hydrologic factors without being aware
of the pervasive influence of human activity. The early
papers in this section deal specifically with this problem of distinguishing between anthropogenic effects
and natural climatic variability on the hydrologic cycle
and water resources. These human influences, expressed generally by C 0 2 warming, might lead to
changes in stream flow, in lake levels and lake eutrophication, as well as groundwater fluctuations. One
paper deals with the possible increase in streamflow
due to cloud seeding activities, while two of the papers introduce quite different themes. One, by Issar
and Tsoar, looks at the problem of historic climate
change versus the action of Arab nomads in the increased desertification of the Negev and concludes
that slow, natural climate change played a larger role
than did the political and social changeover from the
settled Nabateans to the nomadic Arabs. The last paper in the volume, by McGuffie and Henderson-SellUnauthenticated | Downloaded 01/09/23 01:21 AM UTC
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ers, moves the theme of the conference into a broader
perspective by suggesting that increased cloud cover
could provide a negative feedback in a C 0 2 warmed
world. This clearly does not negate the earlier studies
on the relation between climate warming and hydrologic factors, for we are convinced of the natural
variability of climate and, thus, of the variability of
hydrologic responses. It merely suggests that any future scenario may be much more complex than many
would have us believe. Just as world temperature decreased from 1945 to 1975 in a C 0 2 warmed world,
unanticipated feedbacks might produce other climatic anomalies that need to be factored into our
plans and models.
The book covers a wide selection of work on the
relation between climatic variation and hydrologic
factors. It suffers the problems of most such symposium volumes in its lack of subject matter development and continuity. Some of the diagrams are too
small to be useful and there are some marked swings
in subject matter and thus reader interest from paper
to paper. All told, however, the theme of the symposium is so important to our understanding of future
environments that the papers should be read with
attention and should serve as foci for the development of future studies. Such symposiums need to be
repeated regularly to remind us of the increasingly
complex nature of natural and anthropogenic influences on all factors of our fragile environment.—John
R.

Mather
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The Lightning Discharge. M. A. Uman. 1987. 377
pp. $49.00. Hardbound. Academic Press.
Martin A. Uman of the University of Florida has given
us an excellent scholarly monograph on the phenomenology of the lightning discharge, which is a welcome addition to the library of any specialist in the
field of atmospheric electricity. The two previous works
of comparable scope are Golde, R. H. (Ed.), Lightning, Academic Press, New York, 1977 (in 2 volumes), and Uman, M. A., Lightning, McGraw-Hill,
New York, 1969. The latter, although re-issued in
paperback by Dover Publications, Inc., New York,
1984, is still seriously out of date and is difficult to
use because of its organization by measurement tech-
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nique rather than by physical phenomenon. The former, a collection of chapters on various topics written
by different authors, has some advantages—among
them a chapter on laboratory sparks and an entire
volume on lightning protection—but suffers from the
inevitable lack of uniformity in coverage and style
and has also become rather out of date.
There have been several important developments
in lightning research which justify a new volume on
the subject. Artificial initiation of cloud-to-ground
discharges now allows direct measurements of some
lightning processes on a statistical scale and at a level
of detail heretofore impossible. Observations of the
time-domain, electric, and magnetic fields produced
by lightning have been extended to much wider
bandwidth, making possible the discovery of previously unknown phenomena. Interferometric and timeof-arrival techniques, using VHF radio or acoustic
signals from the lightning, have yielded maps of the
discharge processes in time and space which permit
a much fuller understanding of the phenomenology
and its relationship to the environment which produces it. Several aircraft have recently been flown
into thunderstorms while instrumented to measure
lightning fields and currents, and have succeeded in
recording numerous discharges. Perhaps most importantly, experiments are beginning to be conducted
on a grander scale than before, enabling scientists to
combine meteorologic, electrostatic, acoustic, and
electromagnetic data to elucidate not only the lightning itself but also the electrification mechanisms that
produce it.
The present book is addressed primarily to scientists working actively in lightning research. The author presents a superb overview of the topic in chapter
1. After a brief history, the known phenomenology is
outlined carefully and thoroughly, winding up with
a short discussion of the impact of lightning on other
aspects of the environment. Although this introduction is extremely dense, it should be accessible to the
interested layman with a good background in physical science. Beyond this, however, the layman, or
even the non-specialist, may not find much of interest. Although the literature is reviewed comprehensively in each of the subject areas listed below, there
is little elucidation of the basic physics behind the
phenomenology, nor even any attempt to resolve
many of the conflicts and contradictions that are noted
among the references cited. Although this may be
appropriate in a scholarly treatment of a topic whose
basic physics is poorly understood, which is indeed
the case in many aspects of lightning research, it can
make for very frustrating reading.
The reader should not conclude from the above
that this is an inferior work but only that it has a
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narrow objective. Although I cannot recommend reading The Lightning Discharge from cover to cover, I
whole-heartedly commend it as a reference b o o k perhaps the best ever written on the subject and certainly the most up-to-date. The author has taken great
pains to collect and summarize all relevant results in
the literature on most aspects of lightning research.
He points out disagreements where they occur, and,
where clear consensus has emerged, he indicates the
correct answers. Cross references are used frequently
to cite other sections of the book where more relevant
material can be found. These qualities make Uman's
new book an excellent starting place for delving into
a new area of the field. I have a few gripes, discussed
below, but I believe no lightning researcher should
be without a copy.
The only objections I can make to the content of
chapter 1 are minor. Contrary to the implication at
the top of p. 29, current research (e.g., Colvin,
Mitchell, Greig, Murphy, Pechacek, and Raleigh, ICR,
92, 5696-5712, 1987) seems to indicate that nuclear
lightning—essentially a channeling of very large current densities flowing in a highly conducting and highly
charged atmosphere—is qualitatively different from
other forms of lightning. Also, no mention is made
of the possible effects of lightning (or of the large
fields and particle charges leading to it) on the precipitation processes in thunderstorms.
The next two chapters are a bit brief. "Lightning
Phenomenology" in fact covers only a very narrow
aspect of phenomenology—namely the distribution
of lightning and of some of its basic characteristics
(such as number of strokes per flash and ratio of intracloud to cloud-to-ground flashes) in space and time,
and the clustering of flashes in individual storms. No
explanations are offered for the observed distributions. I was surprised not to find any results from the
"East Coast Network" of magnetic direction finders
operated by R. E. Orville's group at the State University of New York at Albany—in spite of the fact
that some of these data are discussed in chapter 11.
"Cloud and Lightning Charges" gives an overview of
the electrical structure of thunderstorm clouds and
theories of their electrification. Although this could
easily be the subject of a book in its own right, its
close relationship to the study of lightning might merit
a somewhat deeper treatment. In particular, the distinction between static field measurements inside
clouds and field-change measurements made outside
clouds but directly related to charge depositions inside needs clarification—the work of Williams, Cooke,
and Wright, JGR, 90, 6059-6070, 1985, on discharge propagation with respect to space-charge clouds
should be mentioned here—and the results and significance of Maxwell-current measurements at the
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ground beneath thunderstorms should be discussed.
This book really comes into its own beginning with
chapter 4, "Preliminary Breakdown." This and the
next seven chapters, entitled "Stepped Leader," "Attachment Process," "Return Stroke," "Dart Leader,"
"Continuing Current," "J- and K-Processes in Discharges to Ground," and "Positive Lightning," comprise 134 pages in which the author describes in great
detail these various aspects of the cloud-to-ground
flash. The treatment of these subjects profits considerably from new, wideband, electromagnetic-field
data, which has permitted numerous lightning processes to be identified by their radiation-field waveforms. Higher quality electrostatic field change
analyses are now available, enabling the charges
moved during various stages of the discharge to be
located and quantified accurately. VHF mapping
techniques are also making it possible to study the
propagation of some of these discharges in detail.
Unfortunately, the very interesting and provocative
results from the French interferometer group at the
Office National d'Etudes et de Recherches Aerospatiall.es (e.g., Richard, Delannoy, Labaune, and Laroche, IGR, 91, 1248-1260, 1986) are not discussed.
The scholarship in these chapters is excellent, but
I do have a few criticisms worth mentioning. Chapter
7 is the most detailed and thorough, but also the most
disturbing. O n p. 118 no comment is made about the
fact that the two return-stroke spectra shown in figure
7.5 disagree wildly above 10 MHz. This is surprising
since they were constructed from the same data, and
Uman was an author on one of the papers involved.
In the middle of p. 120 no thoughts are offered about
the significance of the quiet period in RF emissions
following return strokes. Should we care about this
seemingly gratuitous piece of information? In section
7.2.4 it might be helpful to the reader to define the
difference between radiance and irradiance. The discussion of the return-stroke model of Lin et al. (1980)
in section 7.3 is particularly frustrating for its lack of
a physical explanation for the proposed current decomposition—especially the relationship between
the "breakdown pulse" and the "corona current."
It is also surprising that the well known Bruce-Golde
model is not discussed here, in spite of the fact that
the author finds it important enough to derive in appendix A. In general, this section relies too heavily
on the author's own work.
Moving beyond chapter 7, in section 8.4 Uman
and Voshall (1968) is presented as the last word on
the cooling of lightning channels during the interstroke interval. There has been further work, however, indicating that turbulence can produce cooling
rates up to three orders of magnitude faster than molecular conduction (e.g., Greig, Pechacek, and RaUnauthenticated | Downloaded 01/09/23 01:21 AM UTC
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leigh, Phys. Fluids, 28, 2357-2364, 1985). In section
10.5 it would have been helpful to show some examples of the electric field changes associated with
K-changes. At the end of section 11.3, a major difference is pointed out between positive and negative
downward "stepped" leaders without any indication
of its significance. (The same lack of interpretation
occurs again regarding upward leaders in the next
chapter.)
In chapter 12, "Upward Lightning and the Artificial
Initiation of Lightning," the author introduces a new
and very important topic. As mentioned above, it has
become routine to initiate cloud-to-ground lightning
for research purposes by firing small rockets towing
grounded wires aloft beneath active thunderstorms.
Although these "rocket-triggered" discharges are different from natural cloud-to-ground flashes in several
respects, this technique makes possible measurements that depend on the lightning's occurrence at a
predetermined time and place. Thus we now have
direct wideband recordings of the current at the channel base during return strokes, velocity and electromagnetic-field measurements for these same strokes,
and some of the best streak photographs ever taken
of dart and dart-stepped leaders. Rocket-triggered
lightning also presents a unique opportunity to study
the physical properties of kilometer-scale leaders
propagating into virgin air under partially controlled
conditions. Uman has given us the first comprehensive review of this exciting new area of lightning research, as well as collecting the related results on
other forms of upward lightning. For this chapter alone
his book is worth owning.

The chapter entitled "Cloud Discharges" contains
a survey of knowledge on this most common but least
understood kind of lightning. The beginning of section 13.4 states that "the question of whether typical
cloud flashes are initiated by negative discharges
moving upward from the N region or by positive discharges moving downward from the P region, . . . or
whether some other model for typical discharges is
more appropriate, such as one in which the discharges are more nearly horizontal, is perhaps the
fundamental unanswered question in cloud flash research." It is probably inevitable, but nevertheless
frustrating, that no resolution is offered by the author
for either of two important controversies: whether or
not the initial stage of cloud discharges is similar to
the preliminary breakdown in ground flashes, as discussed at the top of p. 237; and whether the initial
propagation consists of a positive or a negative leader,
as treated on pp. 239-41. In this context it is surprising that the bidirectional model of discharge
propagation, proposed by H. Kasemir (see Das Cewitter by H. Israel, Acad. Verl. Ges., Leipzig, 1950)
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and now enjoying a resurgence of interest, is not even
mentioned. Furthermore, at the top of p. 248 no explanation or supporting reference is given for the
statement that radiation in the HF and VHF "implies"
the breakdown of virgin air.
The next chapter, "Lightning on Other Planets,"
presents an interesting review of this relatively new
subject of research. I found myself wondering, however, why chapter 14 was included. The author does
not explain how the occurrence of extraterrestrial
discharges might be relevant to understanding lightning on earth.
"Thunder" is the last chapter in the book. Again
we have a very thorough literature review, this time
with more discussion of the physics than usual. My
quibbles here are only two. There might be some
confusion about the definition of the term "overpressure" (as between figures 15.11 and 15.12). Also,
the reader might find explanations of the decay of the
cylindrical shock into an "N-wave" and of the mechanism of atmospheric attenuation as a function of frequency enlightening.
Chapter 15 is followed by four appendexes of varying degrees of utility. Appendix A, "Electromagnetics," provides a concise and useful review of the
relevant electricity and magnetism, including a derivation of the "Transmission-line" and "Bruce-Golde"
models of the magnetic field at the ground produced
by a return stroke. There is potential for confusion in
section A.1.3 due to a change of sign between equations A. 10 and A. 11;. it is not clear why the author
chose to show the sign of the linear charge density
on the (negative) leader channel explicitly. Appendix
B on "Statistics" is too brief to be of much help. The
discussion of the % 2 distribution is poor, neither defining its probability density nor explaining its relevance to curve fitting. Appendix C is good as far as
it goes, but it should include a description of the coaxial shunt and di/dt sensors used to measure the
current in rocket-triggered lightning and perhaps a
discussion of the value of derivative recordings (prewhitening) to obtain wider effective bandwidth. More
detail about interferometry and time-of-arrival systems would also be helpful—particularly an explanation of the trade-offs among operating frequency,
bandwidth, and antenna spacing necessary to achieve
a specified level of performance. The book concludes
with a useful list of "Books Containing Information
on Lightning" in appendix D.
My two main disappointments about this book are
the lack of a chapter about the basic physics of lightning processes and the relative absence of the author's own synthesis of the observations and of his
judgments about the correctness of the various measurements and conclusions reported in the literature.
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I would have preferred a more daring and speculative
approach, but Uman has reasonably chosen to stick
closely to observed data and to present conclusions
only when there is already a consensus. This is the
main reason why the book often makes difficult and
frustrating reading.
A chapter about the basic physics of lightning processes could have included descriptions of various
theories and models of the plasma-physical mechanisms involved and a discussion of relevant results
from laboratory experiments. This would certainly be
a difficult task, particularly since there is no agreement on the relevance of any of this to lightning; but
an introduction to related work by the plasma-physics
and gas-breakdown communities would be extremely useful to lightning researchers, many of whom
are unfamiliar with most of this material. Perusing the
table of contents of The Lightning Discharge, one finds
section headings like "4.4 Physics [of the preliminary
breakdown]" and "5.5 Theory [of the stepped leader],"
but reading these sections is usually unsatisfying. Section 7.3, "Modeling [of the return stroke]," is the
worst in this respect, with less than half a page devoted to "physical" models while more than six pages
emphasize work of the author and his students on the
fields produced by semi-empirical current distributions. Section 9.5, "Initiation, Maintenance, and Demise [of the continuing current]," would profit from
a discussion of the relationship between the voltage
drop (or conductivity) along the channel and the current (or current density) it carries. The best section of
this type is "8.4 Some Theoretical Considerations
[about the dart leader]," which actually contains a
discussion of channel cooling, although there are important references missing here, as mentioned above.
There are a few other areas that readers will not
find covered in this work. Although the ionospheric
effects of, and NO x production by, lightning are
touched on in the introduction, they are not discussed in any detail. As mentioned above, there is
no discussion whatever of the possible effects of lightning on other aspects of cloud physics. Finally, there
is no description of the data collected by instrumented aircraft being struck by lightning. These cannot be considered as severe shortcomings, however,
in a book that does such a thorough survey of the
known phenomenology of lightning.—John C. Willett
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Three-Dimensional Models of Marine and Estuarine
Dynamics. J. C. J. Nihoul and B. M. Jamart, Eds.

1989

1987. 360 pp. $120.00. Hardbound. Elsevier Science Publishers.

This book comprises the papers presented at the 1986
Liege Colloquium on Ocean Hydrodynamics. The
foreword of the book states that the annual colloquium provides a forum for discussion of "major recent discoveries, essential mechanisms, impelling
question marks and valuable recommendations for
future research."
The book is dedicated to Dr. Norman S. Heaps,
who was a pioneer in the field and was responsible
for many major advances in numerical and mathematical techniques of hydrodynamic modeling prior
to his death on 26 July 1986. For over 20 years his
continued contributions to the subject were characterized by careful analysis and extensive model testing against both analytical solutions and measured
field data. His rigorous approach to the subject is an
object lesson in sound modeling practice.
As the title suggests the volume contains papers
dealing with the dynamics of three-dimensional
oceanic and estuarine motion. The 31 papers cover
such diverse topics as continental shelf circulation
and tides, estuarine dynamics, fronts and eddy resolving models at river, estuary, continental shelf, and
deep ocean scales. Naturally the mix of scales and
the different technical treatments of mean flow and
eddy resolving models explains the diversity of the
contents of the book.
Despite the usual problems of lack of uniformity
with the notation and the familiarity of techniques,
or knowledge of previous works assumed by some
authors, the book contains several good contributions. The contents of the book are best illustrated by
commenting on selected papers that appealed to me
and illustrate some features of three-dimensional
modeling at the various scales.
In order to deal with problems of model resolution
in complex bathymetries and coastal geometries, Sheng
and Blumberg and Herring describe the use of curvilinear coordinate systems. Both papers show that,
after applying some rather tedious mathematics to the
transformations, the models can simulate flow in a
wide range of idealized situations, including boundary layers, headlands, bays, continental shelves, islands, and open seas. The capacity of the models to
simulate flows over this impressive range of scales is
lost when no attempt was made to show the readers
how well the models simulate measurement. Both
papers also use high order closure schemes to sim-
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ulate turbulent diffusion of momentum, heat, and salt.
To be more convincing, these relatively new higher
order closure schemes need to be compared to the
more traditional eddy viscosity parameterization,
particularly at geophysical scales.
Robinson deals with the development of an ocean
mesoscale forecasting system consisting of dynamical
and statistical models. Many of the dynamic features
of the Gulf Stream are realistically simulated. The
system allows for the intake of observational data from
a network, which updates the model initial conditions. These data are also used for verification of the
model. The whole procedure is very elaborate and
provides a good basis for an objective three-dimensional ocean forecast scheme. However, despite the
sophistication of the system, Robinson makes the case
for a larger regional scheme in an attempt to overcome the problems of the specification of the open
boundary conditions and atmospheric forcing.
Following his previous work, Holland presents a
limited area (deep ocean basin) model "for the Gulf
Stream Region." The model is also applied to investigations of the dynamics of the Agulhas and BrazilFalkland currents, circumpolar flow through Drake
Passage, and the circulation in the Tasman Sea. The
contents of the paper are not truly reflected in the
title. Here the usual eddy to mean flow interaction at
global basin-scale, including eddy resolving capability of the numerical "quasi geostrophic" model, is
employed. Holland discusses the influence of topography and open boundary conditions on the model
results. The paper does not make any comparison in
observation, particularly with the Southern Hemisphere, where the lack of measured data is a difficulty. Nevertheless many of the important dynamic
features of major ocean boundary currents are simulated in a descriptive sense.
There are several other papers on mesoscale eddyresolving models that make interesting reading. Beckman describes a quasi-geostrophic multi-level, limited-area ocean basin-scale model, in which the
selection of the levels and shear model growth rate
are treated in a special manner. Two case histories
are modeled, and the results compared with observation and other models. The high grid resolution of
the model simulates the nonlinear vorticity and barotropic instabilities in a convincing fashion.

More than half the papers deal with the continental
shelf and shallow seas, where two modeling thrusts
are reported, namely the traditional models of the
mean circulation and the more recent eddy-resolving
models. Dippner and James present two interesting
applications of continental shelf-scale eddy-resolving
models. Both authors follow the formulation of the
deep ocean quasi-geostrophic models in which the
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three-dimensional baroclinic circulation is divided
into two parts: the mean circulation field and the
eddy field, which are separated according to the internal deformation scale. At midlatitudes the internal
radius of deformation is less than 10 km, which is
about the maximum resolution of most mean circulation shelf-sea models. The Dippner and James eddyresolving models have horizontal grid spacings of 2
km and 5 km respectively, which appear to be just
on the limit of the scale of eddies seen in satellite
images. These shallow water applications are new,
and as the authors point out, await extensive testing
against measurement.
There are several interesting presentations on full
three-dimensional mean circulation models of shelf
seas. One set of models is based on the shelf sea
circulation model developed by Backhaus and others
at the Institut fur Meereskunde, Hamburg. Applications to the mean circulations are presented for the
North European Shelf, the South China Sea, and the
Western Baltic in papers by Backhaus and Hainbucher, Pohlmann and Boehlich, respectively. Depending upon the application, the model results
provide a description of the salinity and temperature
fields at various depths. Pohlmann compared the
modeled mean-circulation patterns with those determined from ship observations in the South China Sea.
The observed and simulated transports through the
Java Sea are within 6 % of each other, while off the
Vietnam coast the simulations are 30% smaller than
the observations. The model seasonal mean-circulation patterns, qualitatively describe most of the ship
drift observations. Boehlich reported on the progress
of applying the model to the Western Baltic sea. The
application is interesting as three nested grids were
required to obtain the appropriate resolution of the
bathymetry in the central Baltic Sea, Kattegat, and
Kiel Bight. The nested small scale (B grid) model was
necessary to connect the North and Baltic Seas. The
model accounts for tidal elevation, river runoff, atmospheric wind stress and pressure gradients, and
mean seasonal salinity and temperature fields.
Backhaus and Hainbucher applied the same model
to the North Sea. The model results describe the socalled general circulation over the 14-year period
(1969-82) and the interannual and intraannual variations of the mass transport rates through the Dover
and Faeroe-Shetland sections. The authors claim the
mathematical stability of the model is demonstrated
by this long-term simulation. The paper describes the
treatment of the modeling in two parts, namely the
general circulation and the eddy-resolving capability,
but then considers only the general circulation. Despite this separation of time scales, the definition of
the term general circulation needs further clarifica-
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tion. For example, how does general circulation differ from the mean circulation, a term so commonly
used in the literature? I was impressed by the general
characteristics of the model case studies and the qualitative descriptions obtained. However I suggest that
the accuracy of model in simulating very long-term
climatic conditions is in question, particularly in the
open seas where global-scale flows may pass through
the open boundaries. Much of the modeling remains
unsupported by observation.

The three-dimensional weakly nonlinear model of
tidally induced Lagrangian residual currents of Shizuo Feng presents a detailed theoretical treatment of
the subject. Particular attention has been paid to the
formulation of the problem, where the transport of a
passive tracer by residual currents can be determined
by the Lagrangian approach to the problem. Having
developed the theory, progress on the application to
the Bohai Sea is reported. The author states that the
model results are a good qualitative representation of
the measurements, but presents insufficient evidence
to convince the reader.
Another paper on three-dimensional modeling is
that of Heaps and Jones, who propose a relatively
simple method for estimating the vertical current
structure at any point of interest in a homogeneous
sea. Here the horizontal gradients of a two-dimensional vertically integrated numerical model are introduced into a one-dimensional vertical current
structure at the location of interest, along with the
wind stress and surface pressure gradients. The
changing distribution of currents through the depth is
determined as the dynamic response to those forces.
A linear sea bed friction is chosen and a vertical eddy
viscosity is set independent of the depth, but related
to the wind and tidal conditions. The two horizontal
velocity components are found as the sum of a series
of orthogonal functions of the depth, and the surface
and bottom boundary conditions of the water column. The theory is applied to three locations in the
North Sea in water depths from 102 to 191 m. At
these locations extensive current meter data were
available. The paper examines the forcing and the
model horizontal velocity components. An extensive
comparison between the model and measured current velocity components are presented for each location and at selected depths throughout the water
column. The authors conclude the model is not applicable for estimating near surface, or near sea bed
currents where the constant eddy viscosity assumption is unrealistic. Nevertheless, the model current
structure results did show reasonable agreement with
measurement and that the frictional dissipation is well
represented. The success of this technique shows that
full and complicated full three-dimensional models
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are not always needed to describe the current structure. The clear presentation of the theory and the
extensive testing of the model against the measured
data certainly gives the reader a good degree of confidence in the technique.
At the smaller scales of bays, channels, and estuaries, the application of a baroclinic model to the
Elbe estuary in a paper by Krohn, Duwe, and Pfeiffer
stands out for its detailed presentation. The treatment
of the freshwater discharge and the various nested
models required to cope with the complicated topography are presented. The shallow water equations
are semi-implicit and care is given to the treatment
of the drying of the tidal flats, to ensure that shockwave-like disturbances are not emitted. The model
has been used to simulate the transport of a passive
tracer in the presence of tidal and fresh water flows.
Generally the field observations are well simulated
by the model. However, the authors advise that they
still require more field data to validate the model,
particularly, the vertical structure of the flow near the
bed. Again the detail of the theory and accuracy of
the model when compared to the observations gives
the reader confidence in the model.
Only a few papers present any new results and
much of the volume can be regarded as as series of
progress and application reports or case studies on
various models. Most of the original work has been
presented elsewhere in the literature. Problems exist
throughout the book in terminology, particularly related to the terms mean, residual, and average circulation. These terms are used by various authors
throughout the text to mean different things. Readers
have to be continually on their toes to keep ahead of
the differing nomenclature. To my mind the main difficulties with three-dimensional modeling of the
coastal seas and estuaries, namely formulation of the
open boundary conditions, accuracy of the specification of the atmospheric forcing, particularly at shelf
sea scales, the specification of the vertical eddy viscosity, and the treatment of the surface and bottom
boundary layers were not adequately discussed and
still remain the greatest source of error in the models.
What is striking is the general lack of objective
comparison between measured data and model results. Only Robinson discusses in any detail the data
requirements necessary to objectively validate the
models. Model advancement can only be made when
there is a strong feedback between the model and
measured data. One cannot help but wonder as to
how modelers expect improvement without the combined theoretical and experimental effort.
This volume of papers has been over ambitious in
attempting to span the dynamics of ocean basin scales
of 10,000 km to estuarine scales of 10 m. The editors
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of any proceedings are faced with the almost impossible task of trying to keep a reasonably balanced
presentation on the one theme. Certainly this is true
of this publication, and as such I wonder whether the
production of a volume of such diverse content is
worthwhile.
All things considered, I do not recommend the purchase of this book to the serious three-dimensional
modeler of marine and estuarine dynamics.—R. K.
Steedman
R. K. Steedman
LtdPerth,

is Chief Executive
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Officer
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Monitoring of Gaseous Pollutants by Tunable Diode
Lasers. R. Grisar, H. Preier, and G. Restelli, Eds.
1987. 175 pp. $47.00. Hardbound. D. Reidel Publishing Company.
In November of 1986 an international symposium on
Monitoring of Gaseous Pollutants by Tunable Diode
Lasers was organized and held at the Fraunhofer-lnstitute in Freiburg, Federal Republic of Germany. The
main emphasis of the symposium was the applications of tunable diode laser techniques to the solution
of problems of environmental relevance—the measurement of atmospheric trace gases and the monitoring of exhaust gases from automobile and power
plant stack emitters. The conference was the third
specialty conference in a space of six years specifically devoted to the rapidly advancing field of tunable diode laser spectroscopy. Earlier in 1980 the
conference on High Resolution Infrared Spectroscopy
Applications and Developments in Gaithersburg,
Maryland, reviewed the state of the art of tunable
diode lasers together with Fourier Transform Spectroscopy and other laser spectroscopic techniques.
The SPIE conference in San Diego, California, in 1983
devoted one meeting to Tunable Diode Laser Development and Spectroscopy Applications. The meeting
in Freiburg was apparently such a success that a second international symposium on the topic was planned
for that site in late October 1988.
As might be expected, the majority of participants
at the symposium were from the host country. Representatives from Austria, Canada, England, France,
Israel, Italy, Japan, Netherlands, Norway, Switzerland, USA, and USSR also attended.
The book contains 23 papers that were presented
at the Symposium. They are grouped into three specific sections: Atmospheric Trace Gas Detection, Exhaust Gas Monitoring, and Special Applications.
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Within each of the sections, the papers are given in
the order of their presentation at the Symposium. It
should be noted that two papers dealing with trace
gas analysis by other optical techniques are presented
because of their importance to the general topic of
the symposium.
The papers considered various specific topics including development and application of specialized
technologies such as laser photoacoustic systems, intracavity laser spectroscopy, and high-frequency
modular spectroscopy; calibration techniques; data
handling methodologies; ambient monitoring; and
emissions monitoring from road vehicles and large
point source stacks. Monitoring from fixed, groundbased sites, moveable road vehicles, mobile road vehicles and boats, and fixed-wing aircraft were discussed. Gaseous constituents monitored using tunable
diode laser-based systems included carbon monoxide, carbon dioxide, water vapor, hydrogen peroxide, methane, nitrogen dioxide, sulfur dioxide,
ammonia, hydrogen chloride, and hydrogen fluoride.
Some systems are used for monitoring of a single constituent while others are used for monitoring several
constituents, either simultaneously or sequentially.
In addition, a summary of the minutes of a postsymposium round table discussion on atmospheric
trace gas analysis by tunable diode laser spectroscopy
by several of the participants was presented at the
end of the book. The discussion was primarily concerned with current problems and recommendations
for system or component developments and applications. Specific recommendations were made for
developments and improvements in lasers, cooling
units, detectors, optical set up (e.g., optics and windows), white cells, signal generation, signal processing, and calibration procedures. Application areas
included fast-response aircraft measurements, multicomponent (4 to 6) systems which are priced competitively with conventional instrumentation, ultra
sensitive systems for analysis of free radicals, and open
path systems mainly for industrial usage.
The papers are very uneven in their presentation
of subject matter. Some of the papers are quite detailed and on a par with articles typically found in
technical journals. Others contain almost no detail
and are barely more than informational abstracts. Still
others present summaries or distillations of work in
progress and preliminary research results or findings.
The papers do not appear to have undergone peer or
editorial review. Rather they appear to have been
printed in the form received by the editors.
The real strength of a publication containing papers
presented at a professional symposium or conference
is that it provides current research findings and results
in a timely manner. It usually takes a year or longer
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for such information to come out in professional trade
journals. Also, papers in such a publication often
contain useful information not often presented in formal journal articles such as speculation on technological advances or applications, research leading to
inconclusive results, and sensitive problem areas with
methodologies or apparatus. In addition, detailed information on current activities for the topic under discussion in a particular nation or region of the world
hosting the symposium can often be obtained owing
to the dominance of their participation at the symposium.
Drawbacks to such a publication, in addition to
inconsistency in presentation of subject matter and
lack of peer-review mentioned above, often include
numerous and annoying editorial problems. For instance, in this book many of the papers contain figures or tables that are difficult to read either because
of the small size of the reduced reproductions of the
text or because of non-English (generally German)
words and phrases in captions or legends. Some of
the papers also contain references partially or totally
in German, undefined non-standard abbreviations, or
grammatical errors such as incomplete sentences and
incorrect parts of speech.
In summary, the book provides an update on developments and applications in monitoring of gaseous atmospheric constituents with tunable diode
lasers. It also serves as a useful reference book for
specialists in this field despite the numerous editorial
problems enumerated. The value should be enhanced for specialists outside of the Federal Republic
of Germany who may be uninformed about the variety of activities in the host country and major participant at the symposium.—James L. McElroy
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The Weather of the 1780's Over Europe. J. Kington.
1988. $70.00. 164 pp. Hardbound. Cambridge
University Press.
The availability of daily synoptic charts of Europe is
extended to the late eighteenth century by this book,
albeit with a considerable gap. The period covered

is from January 1781 through December 1785. Digestion of these charts as such is probably beyond
the capability of any but an old hand at European
synoptics, but the job is made easier by tables of
weather types, both Lamb's British Isles Index and
the Baur-Brezowski Grosswetterlagen. These indexes
are also summarized by months and compared with
the more recent record, revealing some rather large
differences, such as far fewer types reflecting strong
westerly circulation during the early 1780s. This has
been hinted at in the literature, but now we have the
synoptic evidence.
The work represented in compiling these charts was
enormous, considering the variety of manuscript data
that had to be processed. How the task was accomplished is laid out clearly in three short chapters (24) which precede the charts in chapter 5. The raisond'etre of the work is the subject of the first chapter.
The sixth and last chapter deals with the circulation
indices, and contains the tables of their values.
One cannot but admire the effort of producing the
daily charts. If the book had stopped there, one could
have commended the effort whole-heartedly, while
perhaps complaining about the high price of the volume. Unfortunately, while the descriptive parts are
excellent, the explanatory sections stuck in here and
there seem rather pedestrian at best. For example the
graph of the parallelism of annual blocking high patterns and annual sunspot numbers for five points is
hardly illuminating.
I must admit that I was turned off almost at the
beginning by a statement on page two, namely:
"Placed at a critical phase during the closing stages
of the Little Ice Age, the 1780s contain a number of
outstanding temperature and rainfall extremes . . . . "
To my knowledge, there is no evidence in the literature that the 1780s were a critical phase of the Little
Ice Age (though perhaps to human rather than climatic history). Nor do I know of any valid classification of the Little Ice Age into stages, or valid reason
for concluding that the 1780s were "near" the close.
Perhaps this is a little parochialism on the part of the
author, for the British record does not delineate the
Little Ice Age as clearly as some more continental and
higher latitude records appear to do.
For the synoptic bibliophile the book would give
a number of hours of pleasure, but for most climatologists a copy in the library would suffice.—Reid
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