book reviews
Social Sciences and the Environment. Edited by M. E.
Garnsey and J. R. Hibbs. University of Colorado Press,
1967. 249 pages. $6.00.
There seems now to be general agreement among scientists concerned with the natural resource environment that
mankind is in a certain amount of trouble. There is no
scarcity of reading matter on this general subject, but there
is a scarcity of material which objectively discusses the situation and which recognizes that the solutions to our problems
that are adopted should be the result of a combined effort
on the part of the physical scientists and of the social
scientists.
The volume being reviewed is the result of a conference
sponsored by the University of Colorado and ESSA held in
early 1967: the subtitle is "Conference on the present and
potential contribution of the social sciences to research and
policy formulation in the quality of the physical environment." Like most conference proceedings the volume's individual parts are not always strictly to the point, nor do they
fit together in a coherent whole. There are, however, some
traits of this collection which are worthy of comment. The
first is that the conference was structured so that a physical
and a social scientist each were asked to prepare in advance
comments on the main contributions. Although some of
these commentators chose to ignore the paper they were
assigned, some did not and their comments make some of
the most interesting reading in the volume.
The second trait which makes the volume interesting is
that throughout there is an undercurrent of mutual concern about a disciplinary synthesis which would be capable
of doing research on the man-environment situation. This
undercurrent is now and then visible and takes the form of
the question "Who is to accomplish the necessary synthesis?"
ESSA administrator Robert White's paper leads off—thus
the definition of the physical environment for the purposes
of the conference is that which is within the purview of
ESSA's mission. Stanley Cain, a biologist turned ecologist, is
next. He considers whether ecology can provide the basis for
synthesis amongst the social sciences. The ecologists, who
have been busy of late suggesting that they should provide
the basis for the grand synthesis, were preceded in time by
the geographers. The third paper is by Robert Kates who
makes a case for the modern breed of geographer as the
man to rally around.
At this point the "who is to accomplish it" skirmishing
subsides and the pure social scientists (political scientists and
economists) take over. The discussion switches to what can
be accomplished in environmental problems by the social scientists. In the comments on most of this series of papers the
question of "who" again surfaces—the comments of Matthew
Holden, a political scientist, are particular cogent.
There are a few anomalous papers—one on weather modification as an uncertain innovation, by a social psychologist,
is an example of how social scientists get interested in physi156

cal environmental problems and is, in fact, the result of a
particular piece of research.
Another anomaly is an exposition of PPB (Planning-Programming-Budgeting), the integration of planning and budgeting which enjoyed a vogue in the Bureau of the Budget
during the last administration. The article explains how the
BOB would evaluate and support government agency work
in the ESSA-type physical environment. The article does not
explain how BOB would go about contrasting and balancing
support in ESSA-type environment as against, say, HUD-type
environment, a much more interesting problem.
Meteorologists concerned about the relevance of their science and who can see the futility of continued suggestions
of technological solutions to oversimplified views of manenvironmental problems will certainly want to read this
volume.—Paul R. Julian
Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics and Probability, Volume 5, Weather
Modification Experiments. Edited by L. LeCam and J.
Neyman. University of California Press, Berkeley, 1967.
451 pages. $14.00.
The appearance of Weather Modification Experiments
represents a significant milestone in the turbulent history of
weather modification. As the editors note in the Preface, this
volume is the latest (fifth?) in a series of reviews of weather
modification activities. However, this "review" differs from
most of its predecessors in several ways. First, this volume is
primarily, although not exclusively, concerned with the statistical aspects of the design and evaluation of cloud seeding
experiments. Second, the volume contains valuable discussions of, and important contributions to, design and evaluation methodology. Third, the volume includes reports of
results from, and analyses of, several randomized cloud seeding experiments.
The contents of this volume are divided into six sections
entitled 1) physical background (one paper), 2) large randomized experiments (nine papers), 3) relevant climatological
studies (two papers), 4) nonrandomized operations (two papers), 5) methodological discussion (twelve papers) and
6) observational data (a collection of data from six randomized experiments), respectively. The reviewers believe that
this volume represents a significant contribution to the
literature in weather modification and, as a result, warrants
a rather comprehensive review. First we review each section
individually and then we conclude with a brief summary.
A list of the significant errors encountered in the course of
our review is appended.
Physical background. This section consists of a paper by
Neiburger in which he describes the physics of precipitation
within the context of cloud seeding. The author succeeds in
giving a reasonably comprehensive description of the microphysical factors underlying precipitation modification. While
Vol. 51, No. 2, February 1970
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the paper is, in most respects, up to date at the time of the
Berkeley Symposium (1965), the author fails to mention the
very promising numerical experiments in dry and moist convection by Lilly and Ogura. In addition, the increase in buoyancy created by the heat of fusion, an important dynamic
effect of seeding a supercooled cloud, is not emphasized in
the paper. The author indicates that, on the basis of present
knowledge, it is not possible to determine whether a seeding
operation will increase or decrease the rate of the natural
precipitation. He then concludes by saying that numerical
experiments can, at least in principle, provide the answers
to such questions. The reviewers believe that these experiments are of fundamental importance in that such experiments represent the most promising approach to studying the
feasibility of precipitation modification.
Large randomized experiments. This section contains nine
papers in which cloud seeding experiments conducted in six
countries are described. The papers are of varying length
(four to twenty-six pages) and variable quality. However, they
do provide a reasonably comprehensive description of the
kinds of experiments conducted (and in progress) prior to
1965. The thirteen randomized experiments described in this
section are briefly summarized in Table 1.
The papers by Battan and Kassander (Ariz.), Decker and
Schickedanz (Whitetop, Mo.) and Perez Siliceo (Mexico) contain a brief description of their respective experiments and a
summary of the results (refer to Table 1). The paper by
Decker and Schickedanz represents only a preliminary report
of the results of the Whitetop experiment. (The Whitetop
experiment has been the subject of several papers since the
Berkeley Symposium.)
The other papers contain, in addition, a treatment of
topics such as design, analysis procedures, evaluation methTABLE 1.
Experiment
identification and location

Ariz.: Santa Catalina Mts.
I
II
Australia
Snowy Mountains
South Australia
New England
Warragamba
Calif.: Lake Almanor
Colo.: Climax
France: Cere-Maronne
Israel
Mexico: Necaxa
Mo.: Whitetop
Switzerland: Grossversuch III

odology and post hoc studies. The reviewers found the papers by Gabriel (Israel) and Smith (Australia) of particular
interest. Gabriel's paper contains, in addition to a brief
discussion of design and a description of the Israeli experiment (1961-65), an extensive analysis of the data from
several different points of view (e.g., monthly differences,
differences according to amounts of natural precipitation,
differences by cloud top temperatures). Although rigorous
probability statements cannot be assigned to the results of
such post hoc studies, the information obtained relative to
the factors associated with different effects of cloud seeding
can be of considerable importance in the design of subsequent experiments. The papers by Eberly and Robinson
(Lake Almanor, Calif.), Schmid (Grossversuch III, Switzerland) and Smith also contain examples of such studies.
Smith's paper 1) describes four randomized (area) cloud
seeding experiments in Australia (refer to Table 1), 2) considers the limitations of these experiments and 3) discusses
design requirements for future experiments. A limitation of
particular concern is the assumption that seeding effects are
limited in time. The results of the Australian experiments,
as well as those from the experiments in Colorado and
Mexico, support the hypothesis that seeding effects persist
for variable lengths of time. Smith describes certain features
to be incorporated into the design of future experiments in
Australia in order to test specific hypotheses related to the
nature and persistence of the seeding effect. The problems
of design are also considered by Bernier (Cere-Maronne,
France), Grant and Mielke (Climax, Colo.) and Gabriel.
Specific analysis procedures and evaluation methodologies
are discussed in some detail by Eberly and Robinson, Grant
and Mielke and Schmid. Eberly and Robinson use analysis

A summary of the thirteen cloud seeding experiments described in the nine papers
in the Large Randomized Experiments section.
Experimental period

A

B

C

D

E

F

G

1957-60 :Jul-Sep
1961-62,64 :Jul-Sep

r
r
r
r
r
r
r
r
r
r
r
r
h

a
a
a
a
a
a

t
t
tc
c
c
c
tc,c(v)
tc
tc
c
tc
tc(v)
t

fd
fd
s(v)

r
r
u
u
r
r
u
u
u
u
u
u
u

np
np

n
n

b

p
n

1955-59 :Mar-Nov
1957-59 :Apr-Nov
1958-63 :Jan-Nov
Dec 1959-Dec 1963
1963 :Jan-May
1959-64 :winters
May 1963-Sep 1964
1961-65 :Oct-Apr
1956-64 :Jun-Oct
1961-65 rsummers
1957-63 :May-Sep

g
g
g

a
g
a
g

S(v)
S(v)

d
fd(v)
d(v)

s(?)
d(v)
d(?)
fd
d

b
b
b
P
b(?)
P
np
P
b
np

P
n(?)
b
b
n

P
b

n
b

KEY
A: Purpose: r—precipitation stimulation, h—hail suppression.
B : Seeding agent and location: a—Agl from aircraft, g—Agl from ground.
C: Design: t—target area only, tc—target and control areas, c—crossover; v indicates experiments in which selection of design or definition of areas was dependent upon wind direction.
D: Experimental unit: d—day, fd—fraction of day, s—period (in general, more than one day); v indicates experiments in which experimental unit was of variable length.
E: Randomization: r—restricted (in pairs), u—unrestricted.
F: Statistical tests: p—parametric, np—nonparametric, b—both.
G: Apparent seeding effect(s): p—positive, n—negative, b—both.
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of variance and covariance procedures, while Grant and
Mielke and Schmid describe nonparametric tests.
Relevant climatological studies. This section contains papers by Changnon and Huff on the effect of rainfall variability on the evaluation of rainfall modification experiments
and by Henderson on the tracking of silver iodide nuclei
plumes.
The Changnon-Huff paper describes a study of the natural
variability of rainfall in time and space over the dense raingage networks of the Illinois State Water Survey. The rainfall data were used in hypothetical seeding experiments to
study the effects of sampling period, storm types, sampling
area and raingage density on the evaluation of such experiments. The authors conclude that "sampling periods of five
to ten years are inadequate to define rainfall changes of 10
to 20% resulting from cloud seeding efforts when verification
is based upon analyses of surface rainfall." As the authors indicate, such "simulations" should be an integral part of the
design of cloud seeding experiments.
The paper by Henderson describes the results of a program designed to establish the areal distribution of silver
iodide nuclei downwind from ground generator sites and
certain aircraft seeding flights. The author concludes from
his study that "it would be risky to make assumptions about
the distribution of silver iodide plumes if a field program
were dependent upon the material reaching a given area at
a particular time and in a certain concentration."
These two papers point out two reasons that many cloud
seeding experiments have yielded inconclusive results: 1) the
lack of observations of important variables and 2) the lack
of a proper preliminary design study.
Nonrandomized operations. This section contains two papers concerned with the analysis of the results of cloud seeding operations (as distinguished from randomized experiments).
The paper by Brier, Carpenter and Kline describes the
results of an analysis of sixteen commercial cloud seeding
operations in eleven areas in the eastern United States. The
authors were particularly concerned with the possible effects
of seeding on rainfall downwind from the nominal target
areas. The results, when the sixteen operations were combined, reveal positive anomalies extending to distances of
approximately 150 miles. The authors are careful to point
out that since the operations were not randomized experiments, rigorous statements concerning the relationship between seeding and precipitation anomalies cannot be made.
The paper by Muller describes a nonrandomized "experiment" the objective of which was to suppress hail in Bavaria
by silver iodide seeding with ground generators and rockets.
The preliminary evaluation of the results of eight years
(1958-65) of seeding is inconclusive.
Methodological discussions. This section consists, in reality, of two subsections. The first is a heterogeneous collection
of four papers, while the second is a rather homogeneous
collection of eight papers, seven of which are authored either
by Neyman and Scott or their colleagues at Berkeley. The
first subsection consists of papers by Court on randomized
cloud seeding in the United States, by Davis and Hosier on
"observational studies," by Kahan on the Bureau of Reclamation's atmospheric water resources program and by Yevdjevich on the use of streamflow response to evaluate cloud
seeding experiments.
The paper by Court consists of a historical survey of randomized cloud seeding experimentation in the United States.

The author indicates that randomization is not the only important aspect of proper experimental design which has often
been ignored in the design of cloud seeding experiments.
Court is particularly concerned with the a priori formulation
of specific hypotheses and the specification of tests of these
hypotheses.
The Davis-Hosier paper contains a plea for more detailed
observational studies without randomization. Although the
author's concern with observational studies and the formulation and testing of simple physical models, in order to obtain a better understanding of the physical processes, is reasonable and proper, the reviewers doubt that the recent emphasis on proper experimental design has been a factor in
the lack of spectacular results. In this regard, the reviewers
find the authors' title "The Design, Execution and Evaluation of a Weather Modification Experiment" somewhat
misleading.
The paper by Kahan describes the Bureau of Reclamation's
research program the general objective of which is "to ascertain whether it is economically feasible to increase the water
supply available to Reclamation projects through the application of weather modification techniques. . . ." The specific problems of concern are influencing the precipitation
process and the detection, measurement and evaluation of
the effects of seeding.
Yevdjevich, in his paper, claims that streamflow response
will provide a more precise and immediate answer than surface precipitation to the question of the effects of seeding.
However, the author presents no evidence to support this
claim.
The first three papers in the second subsection are coauthored by Neyman and Scott. In the first paper, entitled
"Some Outstanding Problems Relating to Rain Modification," the authors consider the meteorological problems related to rainfall and the possible effects of cloud seeding,
as well as the statistical problems related to the methodology
suitable for treating the meteorological problems. The authors' conclusions are based upon the analysis of five major
U. S. experiments and the Swiss experiment Grossversuch
III. The analyses include specific stratifications of the data in
search of factors related to the apparent effects of seeding.
This paper concludes with a section in which certain statistical problems, including the "power" of several different
tests, are discussed in some detail.
The second paper entitled "Planning an Experiment with
Cloud Seeding," although classified as an appendix to the
previous paper, is in reality a separate paper. This is perhaps the most important paper in this volume and should be
read by anyone planning a weather modification experiment.
The authors discuss the meteorological as well as the statistical aspects of design, although as statisticians they naturally
place particular emphasis on the latter. The paper contains
some discussion of the theoretical basis for statistical design,
including the estimation of the precision of an experiment
based upon Neyman's optimal asymptotic tests. This paper
contains many useful ideas and most experiments would be
materially improved if the authors' suggestions were followed.
The next two papers concern the ACN and SCUD experiments, two of the early randomized cloud seeding experiments. The note on the ACN project simply presents information relevant to the authors' discussion in their "Some
Outstanding Problems . . ." paper. The note on the SCUD
project, by J. and M. Wells, describes its re-evaluation using
the optimal asymptotic tests.
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The fifth paper, also by Neyman and Scott, entitled "Note
on Techniques of Evaluation of Single Rain Stimulation
Experiments," contains a detailed description of the optimal
asymptotic tests and their use in testing specific hypotheses
with regard to the effects of cloud seeding.
The final two contributions by the Berkeley group consist of a note by Davies and Puri which describes some techniques of summarizing the evaluations of individual experiments and a note by James which compares the "efficiency"
of several statistical tests for scale changes for the gamma
distribution.
The concluding paper in this section, a note by F. Yates,
contains a brief discussion of the relationship between cloud
seeding experiments and experiments in other fields, and
some thoughts on ideas which might be useful in weather
modification experiments.
Observational data. This section contains the raw data
from six randomized cloud seeding experiments conducted
in five different countries: 1) the two Arizona experiments
(1957-60; 1961-62 and 1964), 2) the New England experiment in Australia (1958-63), 3) the Cere-Maronne experiment
in France (1963-64), 4) the Israeli experiment (1961-65) and
5) the Swiss experiment Grossversuch III (1957-63). [The
data for two other experiments, the Lake Almanor experiment in California (1963) and the SCUD experiment along
the east coast of the United States (1953-54), are presented
in the papers by Eberly and Robinson and J. and M. Wells,
respectively.] The data collections include the observations of
"predictor variables" as well as the basic precipitation data.
The five "reports" also contain a brief description of the
operational procedures followed in each experiment.
Summary. The editors of this volume are to be commended
for their efforts both in organizing the Weather Modification
Section of the Fifth Berkeley Symposium and in preparing
Weather Modification Experiments for publication. In the
reviewers' opinion the volume contains three "collections" of
particular importance: 1) a collection of reports describing
thirteen randomized cloud seeding experiments, several of
which contain valuable discussions related to analysis procedures and special problems, 2) a collection of basic papers
on statistical methodology for the design and evaluation of
cloud seeding experiments and 3) a collection of the raw
data from eight randomized experiments. In the period since
the Berkeley Symposium (1965), the editors' hope that "the
present volume will serve as a stimulus for novel statistical
research, theoretical as well as applied, which will be beneficial both to statistics and to applied meteorology" has already been realized .—Allan H. Murphy, Joseph G. Bryan
and Geirmundur Arnason
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Radiation in the Atmosphere, volume 12 in the International Geophysics Series. By K. Ya. Kondratyev. Academic
Press, Inc., New York, London, 1969. 912 pages. $39.00.
One of the universal pleasures in this world is to be outside on a warm, sunny day. The principal source of this enjoyment lies in the continually varying radiant fluxes which
we qualitatively sample. However, there are many applications for which a quantitative knowledge of the temporal,
spectral, and angular distributions of the fluxes incident on
or emerging from a given area of the Earth's surface or
which pass through the atmosphere is required. Unfortunately, detailed information of practical value is difficult
to locate. Thus the excellent overview of the present state
of development in this area by an author who is internationally recognized for his investigations of radiative transfer
in the atmosphere is most timely.
Although the theoretical bases for describing radiative processes are well known, the complexities of the interactions
occurring in the atmosphere are such that it is rarely possible to interpret experimental measurements rigorously.
Consequently much of our present knowledge is summarized
by semi-empirical relationships and the major emphasis of
this book is on the interpretation of experimental data. Measurements of many different properties of the radiant fluxes
in the atmosphere with wavelengths from the near ultraviolet
to the far infrared made at a variety of sites are discussed
and, where possible, related to theoretical expectations.
The first two chapters contain brief descriptions of the
physical principles of radiative transfer and of representative
types of instrumentation for atmospheric investigations. Approximately half the book is devoted to the theoretical and
experimental aspects of: atmospheric attenuation—including
both scattering processes and molecular absorption; the properties of the direct and scattered solar fluxes observed near
the surface; and the albedos of natural surfaces. The final
third of the book is concerned with the thermal fluxes emitted by the Earth and its atmosphere; the information which
can be derived from their measurement; and the influence
of radiative heat exchange on atmospheric temperature.
The wide scope of the material and the liberal use of references to original papers reveals the author's interest and
knowledge of his subject. Information about almost every
factor which can affect or be influenced by atmospheric
radiative processes is included, although the sparsity of data
in some areas indicates that much more work is required
before we have a complete understanding of their influence
on our environment.
The translation from the Russian is excellent, on occasions the sentence structure and choice of words are unexpected but usually unambiguous. The style and method of
presentation are clear and straightforward. Since it is difficult to summarize results of many different investigators
succinctly the relative significance of some of the measurements discussed is not always obvious. However, interested
readers can always refer to the original papers. The total
number cited at the ends of the chapters is over 1000 and
more than 400 are given in an "Additional Bibliography."
Over half refer to papers in U.S.S.R. publications—an indication of the interest in radiative processes in this country.
Most of the material is based on the most recent information available. Some oversights do occur, for example, in
the listing of the properties of minor atmospheric constituents (Table 3.18) some air pollution products such as SO
and peroxyacyl nitrite (PAN) could be included. Indeed, if
a
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air pollution continues to increase, many of the measurements described, as well as the introduction to this review,
may eventually be of historic interest only. Until this situation occurs all who are actively concerned with atmospheric
radiative transfer problems will obtain a better understanding of them from this book although the price of knowledge
is high.—J. H. Shaw
Frenzel, Burkhard, 1967. Die Klimaschwankungen des
Eiszeitalters; Die Wissenschaft, Sammlungen von Einzeldarstellungen aus alien Gebieten der Naturwissenschaft;
Vol. 129 (Editor, Prof. Dr. W. Westphal and H. Rotta)
291 pp., 107 figs. Publisher, Friedr. Vieweg & Sohn Co.
(Braunscheweig, Germany).
Professor Dr. Frenzel is a former student of the world
famous paleobotanist, W. Gothan, as well as of the also
very well known plant-geographer, C. Troll. Since 1966 he
has been Director of the Department of Botany of the
University of Stuttgart-Hohenheim. He has already made
his scientific mark by some of his physiologic and paleoecologic publications, especially by his reconstruction of
the plant-geographic conditions of Northern Eurasia during the peak of the last glacial and early post-glacial periods,
and by his palynologic investigations of Austrian loess-profiles. The present book will establish him as one of the distinguished authorities on many problems of the ice age. It
is a fascinatingly written text which cites, considers, and
synthesizes to a remarkable degree the many facts stored in
his literature references of 855 publications on the subject.
To emphasize this point, his literature references according
to countries are as follows:
Australia
Austria
Belgium
Bulgaria
Canada
Czechoslovakia
Denmark
Finland
France
Germany
Great Britain
Holland
Hungary

1
6
5
1
5
30
18
2
41
231
37
22

1

Ireland
Italy
Japan
New Zealand
Poland
Russia
So. Africa
Spain
Sweden
Switzerland
U. S. A.
Yugoslavia

2
20
4
4
66
208
2
1
19
21
105
3

A look through this list of publications will indicate that
one of the most important contributions of Frenzel's work
is a synthesis of world research on the climatic changes in
the Ice Age, their probable causes, their true extent, and
their consequences.
The author concentrates his interest especially on the
beginning and the second part of the Ice Age. The first part
of the Quaternary could not be considered in such detail
because the data concerning it are still too sparse.
The quality of paleo-climatologic investigations depends
on the reliability of the applied research methods. There-
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fore in the first part of the book these methods are discussed critically as to their dependability and their principal
shortcomings:
I. The problem of geo-chronological datings: (a) relative
datings; (b) absolute datings by lichenometry, dendrochronology, varve-chronology, Carbon-14 and other geological methods for absolute time datings.
II. Methods concerning the qualitative and quantitative
inquiries dealing with past climates: (a) physical methods
like the 018/016 method; (b) geological methods, glacial
sediments and their surface morphology, peri-glacial sediments and their morphology; fossil soils; and (c) biological
methods: dendro-climatology, the geographic contribution of
some taxonomic varieties as hints of the character of the
climate, and reconstruction of the vegetational history.
The time is gone when American professors were able to
read fluently at least two of the foreign languages by means
of which leading scientists communicate with each other.
The consequence is increasing provincialism among our
graduate students. There is hope that the language problem will be solved within the not too distant future by the
computer. In the meantime an English translation of this
book would be a service to American science.—Gerhard O.
W. Kremp
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