
Editor’s note: Another review of “Parameter Estimation and Inverse
Problems” appeared in the September 2005 issue.

Parameter Estimation and Inverse Problems by Richard C.
Aster, Brian Borchers, and Clifford H. Thurber. ISBN 0-12-
065604-3, Elsevier, 2005, 301 pp., $79.95.

The matching of a theoretical model’s response to a set
of empirical observations is at the heart of what has become
to be known as “the inverse problem.” Since the dawn of
our profession, geophysical  interpreters have been solving
inverse problems in their heads by inferring subsurface
structure from interpreted seismograms. The modern,
model-driven version of geophysical inverse theory, which
is the subject of this volume, developed simultaneously
with the growth of ever more powerful digital computers.
Since the 1970s an impressive number of books dealing with
the inverse problem have appeared, so one might well won-
der: why yet another treatise on the subject?

The present book by Aster et al. is new and different in
several key aspects. The writing is uniformly clear; one
unfamiliar with even the most basic ideas of inverse theory
will find it ideal for self-study. Those with access to MAT-
LAB will be able to use the included CD to cut their teeth
on many problems serving to illustrate the more abstract
concepts. The book contains a number of novel features, the
first of which is embedded in its title: any effort to estimate
the parameters describing a model is an attack on the inverse
problem. Not all books dealing with the subject go through
the trouble of emphasizing this point. Among other distin-
guishing features, I found the authors’ treatment of such con-
cepts as existence, uniqueness, instability, resolution, and
ill-posedness to be particularly succinct. They do a fine job
in distinguishing the continuous from the discrete case, and
they point out some of the pitfalls that can arise when going
from one to the other, yet without becoming bogged down
in sterile mathematical detail. Too many books gloss over
these ideas by simply assuming that the reader is well famil-
iar with them; here, however, one is exposed to them at a
more leisurely, and thus more palatable pace.

An introductory chapter sets the stage for what follows.
Inverse problems should not be attempted without a good
mastery of linear algebra, probability, and statistics. These
subjects are treated in three brief appendices, although the
material is more suited for a quick review rather than for a
more thorough treatment. The following chapter deals with
linear regression: in a simple world where every phenom-
enon is linear the book might well have stopped here.
Nevertheless, it is impossible to understand nonlinear model
parameter estimation techniques without mastery of these
elementary ideas.

In later chapters we find the basic numerical tools
required to solve actual problems—the effects of rank defi-
ciency and ill-conditioning, and how to get around some of
these difficulties by regularization. Singular Value
Decomposition (SVD) receives fine coverage; the method is
illustrated with simple cartoon-type examples showing how
to invert seismic tomograms based on the straight ray
assumption. While the use of SVD is appealing, it becomes
increasingly cumbersome as problem size grows. The
authors therefore introduce iterative methods as an alter-
native, which they again illustrate with time-proven meth-
ods such as Algebraic Reconstruction Theory (ART) and
Simultaneous Iterative Reconstruction Theory (SIRT), and
the method of Conjugate Gradients (CG).

I found the brief chapter that deals with Fourier methods
and deconvolution to be weak, because deconvolution as it
is practiced in seismic exploration receives no mention at all.

The last few chapters return to the much more difficult
nonlinear problem, with a good and well-balanced treatment
of nonlinear regression and the nonlinear inverse problem
in general, the latter nicely illustrated with Occam’s inver-
sion method.

The book is short on examples from exploration seis-
mology, although there is a good description of how VSP
recordings can be used to invert for subsurface structure.
There is no mention of seismic imaging and migration,
which is, after all, part and parcel of seismic inverse theory.
A minor quibble: The best mathematics is of little value
when it serves to describe the wrong physics. This the
authors surely realize, but the point deserves emphasis in
an introductory text. These minor criticisms should not
detract from the fact that this is an exceptionally well writ-
ten introductory text which, for a change, is reasonably
priced, placing it at least within reach of a college student.

—SVEN TREITEL
Tulsa, OK

The Path—A One-Mile Walk Through the Universe by Chet
Raymo. ISBN 0-8027-7690-6, Walker & Company, 2004, $12.

In “The Path,” emeritus physics professor Chet Raymo
describes the one-mile walk he takes from his home to the
college where he taught. Along the way, he uses the details
he observes as launching pads for a wide-ranging discus-
sion of the nature of the universe around us. These discus-
sions range not only over the natural sciences but also into
literature and human history. In particular, Raymo eulogizes
the contribution of noted landscape architect, Frederick Law
Olmsted, to shaping the “natural” landscape that he walks
through every day.

Chet Raymo wrote popular science columns for the
Boston Globe for 20 years and is the father of noted geolo-
gist Maureen Raymo. The time spent writing short accessi-
ble columns on sometimes difficult subjects means that he
brings a light and easy style to his musings on the world
around him.  While in some ways the central conceit of The
Path may seem a little artificial, the elegance and charm of
Raymo’s discussions make this an irrelevance. In fact, it is
very easy to forget about The Path and simply follow the
writer as he weaves from topic to topic.

Central to the discussions in the book is the influence of
man on the world around him (something that all of us in
the world of exploration geophysics should forget at our
peril). For instance, in the chapter on gardens, Raymo con-
nects the birds he commonly sees at a certain point on his
journey with discussions on anthropomorphism, town plan-
ning, stem cells, organic food, genetic modification, the
notion of “Arcadia” and the general futility of living in a
universe apparently condemned to die by the laws of ther-
modynamics—all in the space of less than 20 pages.
However, the fact that such a range of subjects is covered
in such little space (and this chapter is not atypical of the
book as a whole) should not be thought of indicating that
the coverage is overly simplified. In fact, Raymo manages
the tricky task of dealing with complex scientific issues in
a brief but coherent fashion very well (the journalistic expe-
rience being a factor once again); and a comprehensive set
of notes guides the more inquisitive reader onward to
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sources of more depth on each subject. The only thing miss-
ing from the paperback edition reviewed here is a map of
Raymo’s path (despite the credits for such a map appear-
ing at the front of the book). Such a minor omission cannot
detract from what is a thoroughly charming and entertain-
ing discourse on the world around us, of which Raymo
should be rightly proud.

—JOHN BRITTAN
Walton-on-Thames, Surrey, U.K.

The Ninth Circle—AMemoir of Life and Death in Antarctica,
1960-1962 by John C. Behrendt. ISBN: 0-8263-3425-3,
University of New Mexico Press, 2005, 240 pp., $29.95.

John Behrendt’s new book on the early days of geophys-
ical exploration of the Antarctic has a subtitle that aims to draw
in the casual reader with a promise of danger and excitement.
Certainly there was danger, although almost all the fatalities
described in the book occurred as a result of accidents in aer-
ial transportation, rather than on geophysical traverses them-
selves. However, this dramatic subtitle, and the Dante-alluding
title itself (the ninth circle in Dante’s Inferno is frozen) do the
book itself a disservice.  It is, for the most part, a worthy and
detailed transcript of Behrendt’s journal entries during the
Antarctic geophysical traverses of the early 1960s.

John C. Behrendt is a fellow of the Institute of Artic and
Alpine Research at the University of Colorado and has
undertaken geophysical studies of Antarctica for nearly 50
years.  Indeed, a set of mountains in the Antarctic Peninsula
(conspicuously marked on the maps that accompany the
book) are named the Behrendt Mountains in his honor. With
such a wealth of experience, Behrendt brings to life the day-
to-day difficulties of living and undertaking scientific
research in primitive conditions in a harsh environment. For
the geophysical reader, it contains a fascinating description
of the difficulties of doing seismic reflection profiling on an
ice sheet with primitive (predigital) equipment and at very
low temperatures. The reflections were recorded on an oscil-
loscope, photographed, and the photographs developed as
the traverse went along. This was fraught with difficulty as
the photographic solutions often froze. Many of the passages
are also a salutary reminder of the days of navigation pre-
GPS, with the scientists on the geophysical traverses spend-
ing much of their time in virgin territory with limited, if any,
knowledge of their true position.

The book contains a vital glossary, a series of well-repro-
duced photographs and maps, a bibliography and maps, and
extensive footnotes. The journal-based nature of the book
and the need to often consult the footnotes sometimes hin-
ders the narrative flow, but the subject matter itself is never
dull. The occasional inconsistencies within the text apart,
this is an interesting description of early Antarctic geo-
physical exploration. However, it is in general not quite as
dramatic as the subtitle suggests (and the cover sticker
which talks about “The coldest outpost of the Cold War”
suggests James Bond-type shenanigans which are entirely
absent from the book itself!).

—JOHN BRITTAN

Practical Magnetotellurics by F. Simpson and K. Bahr. ISBN
0-521-81727-7. Cambridge, 2005, 254 pp., $70.

There are few methods that can deeply probe the secrets
of the earth. Magnetotellurics (MT) is one such method. MT
utilizes a broad spectrum of the naturally occurring electric

and magnetic field variations to determine the conductiv-
ity structure of the earth. The low-frequency portion of the
fields arise from the interaction of the solar wind with the
magnetic field of the earth. Simpson and Bahr have written
a book which covers MT studies mainly for deep crustal and
mantle studies. The practices of MT are covered from the-
ory, planning field studies, data processing, modeling, inver-
sion, and links to other branches of geophysics. Additional
elements include a list of symbols, a glossary, and appen-
dices (the appendices concern various basic mathematical
concepts such as vector calculus, probability distributions,
and Fourier spectra).

The book begins with an explanation of the basis for MT
and the theoretical concepts behind it. Considerations for
planning a field study are covered next. These considera-
tions include selecting the correct equipment, station spac-
ing for frequency range, and recording times. Various
techniques for processing the collected data are covered
next, including noise reduction techniques.

After the MT data are processed, the data must be ana-
lyzed and modeled to determine the conductivity structure
indicated. The collected data can give indications about the
complexity of the area measured. Data can also be modeled
with one-, two-, and three-dimensional modeling programs.
Proper understanding of the data includes performing at
least forward modeling in order to understand the possible
conductivity structure. Forward models are a beginning
point for inversion studies. Multiple inversions may be nec-
essary to understand the nonuniqueness implied by the
data.

The links between the conductivity measured by MT and
laboratory measurements, and with other geophysical meth-
ods (such as seismic) are outlined. The link with laboratory
measurements covers both expected conductivity for near
surface rocks (governed by Archie’s law and similar equa-
tions) and deep crustal rocks under high pressure and tem-
perature conditions. Combining seismic and MT data can
give a more complete structural picture. Combining infor-
mation from different geophysical measurements can help
constrain modeling and inversion processes, and help reduce
some of the nonuniqueness in MT data. Lastly, how MT
relates to other passive and active electromagnetic methods
is given.

This book does a good job explaining the MT method.
Its emphasis is on the application of MT to deep structural
problems. But certain sections are very applicable to any MT
study, particularly the sections on planning a field survey,
and modeling and inversion pitfalls. The glossary section
is also quite extensive. Subjects in the index that are also in
the glossary are highlighted, which is useful. While the ref-
erence section is quite recent, I did not find some books that
that I expected. The book is meant for graduate students and
researchers in MT. I recommend this book to those begin-
ning in MT as a practical reference to the various aspects of
MT data collection, processing, and modeling.

—DAVID C. BARTEL
Houston, USA

The source is high in the sky, and illuminates the earth
to unravel its buried secrets and wealth, and to benefit the
mankind with superior information. No, it is not a religious
book, but in this special niche of geophysics, the sun is our
powerful and free generator of electromagnetic waves that
are recorded at the surface of the earth. The earth response
can be singled out and processed to estimate the rock resis-
tivity from the shallow layers down to the earth core.
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In a magnetotelluric survey, we record both the magnetic
and electric field at the Earth surface for quite a long time
(minutes to hours, and sometimes even days), according to
the depth of our target. The shorter the recording time, the
shallower the investigated depth, with a range that varies
from a few tens of meters to infinity, or so. Because of this
wide range, magnetotellurics has been used for engineer-
ing purposes and for studying the global earth structure. In
the few past decades, the oil and gas industry adopted it
for a cheap preliminary assessment of virgin areas, or as an
extreme test when standard seismic surveys fail to provide
interpretable signals for a very complex geology. However,
used by itself, it has never become a first-choice method
because of its limited resolution. Today, the joint inversion
of seismic and magnetotelluric data is one of the most
promising methods for reservoir monitoring, because it
merges the better resolution of seismic for structures with
the high sensitivity of electromagnetic methods for fluid
properties, especially in discriminating oil and brine.

The book title is perhaps a bit too modest. In the first
few chapters, the book provides an introduction to magne-
totelluric that could be used as a primer for students or pro-
fessionals at the beginning of their careers. Assuming only
a basic knowledge of Maxwell’s equations, and without
indulging in irrelevant details, the authors guide the reader
safely through the intricate jungle of electromagnetic effects
in the real world, opening the way with a machete. Cutting
away initially minor or unusual aspects, the reader reaches
quickly the key equation of the skin depth for electromag-
netic waves, which is the heart of this method. Only much
later do the minor details come back to the scene, but only
after the reader is able to start acquiring and processing data
at a basic level. These details may be skipped by the prac-
titioners, but make this book a complete and excellent ref-
erence text also for those ones that are involved in the most
advanced current technologies.

In the first two chapters, after an historical overview, the
authors explain clearly the assumptions made to get sim-
ple and conducive field experiment to reconstruct the Earth
resistivity in depth from surface measurements in time. The
diffusion equation is explained with the great example of
cooking a roast in the oven: Slicing it after 15 minutes will
show us how much the heat penetrated and cooked the meat
from the skin to the internal part. Playing with oven tem-
perature and cooking time, we can get a good roast and also
learn the thermal conductivity of the flesh.

The third chapter is just an introductory manual to data
acquisition, with a lot of practical hints. The basic data pro-
cessing is treated in the two following chapters, where I
appreciated a lot the many caveats of the authors to avoid
common pitfalls of beginners. In particular, I liked their
suggestion to keep earth models as simple as we can, but

never forcing the data too much, because the Earth is not
simple by nature.

In the final part of the book, after dealing with data
modeling and inversion, complex rheologies and effects are
discussed, which make the book exhaustive, but would
have discouraged most readers if introduced earlier. Very
appropriately, the most esoteric items are hidden in several
appendixes, which only specialists will go through, but
making them happy too.

In conclusion, I liked this book a lot even from its initial
motto which was taken from Enrico Fermi: “There are two
possible outcomes. If the result confirms the hypothesis,
then you have made a measurement. If the result is contrary
to the hypothesis, then you have made a discovery.” This
book was for me a discovery. I expected a boring set of rules
of thumb, and found it instead a clear and captivating intro-
duction to a technology which could very soon become part
of our key professional tools.

—ALDO VESNAVER
Dhahran, Saudi Arabia

Seismic Prevention of Damage: A Case History of a
Mediterranean City edited by M. Maugeri, WIT Press,
2005. ISBN 1-84564-004-7, 408 pp., $250.

The city is Catania, Sicily, Italy, and the book is one of a
series on Advances in Earthquake Engineering. The book is
divided into seven parts, each containing several chapters
by mostly European authors. The Italian Department of
Civil Protection funded the two-year research project for a
“high risk area in the Mediterranean.” Catania, located just
south of Mt. Etna, had been devastated by two earthquakes
in 1693 when about half the population died, and it had also
been subjected to a moderate earthquake (M = 5.8) in 1990.
The research project showed that a repetition of the 1693
earthquake would produce “severe destruction … involv-
ing both older and post-war constructions and causing sev-
eral thousands of deaths.”

The study included seismic modeling allowing for the
variable geology of Catania and the vulnerability to poten-
tial landslides, liquefaction, and cavities under the city. The
vulnerability of buildings designed only for vertical loads
is discussed, with considerations for strengthening them
(retrofitting) with respect to horizontal and torsional vibra-
tions. Consideration is also given to setting up a seafloor
observatory for seismic monitoring and early warning.

—R. E. SHERIFF
Houston, USA
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