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ABSTRACT

A bibliometric and citation analysis of seventeen major journals in mineralogy, petrol-
ogy, and geochemistry led to relative rankings within those categories based primarily on
their impact factors in the “Journal Citation Reports” of the Science Citation Index. A
further study of the sources of financial support over the period 1980-1986 for the research
reported in individual articles by persons listing U.S. addresses indicated that grants and
contracts awarded by the National Science Foundation (NSF), the National Aeronautics
and Space Administration (NASA), and the Department of Energy (DOE), in that order,
accounted for the vast majority of support. In journals containing more than 20% articles
with U.S. authors, the level of grant support ranged from 34% to more than 85% (86% in
Journal of Petrology and 89% in Geochimica et Cosmochimica Acta). Journals with the
higher bibliometric ratings showed the higher levels of grant support. An opposite trend
was noted for papers written by authors who gave federal agencies, museums, or labora-
tories as addresses: as a percentage of total papers from U.S. authors, theirs were somewhat
more likely to go to journals with lower ratings. The number of grants per federally sup-
ported paper increased with journal reputation; the mean value for those papers with
support was 1.25 grants, reaching 1.56 for the Journal of Petrology. Circulation data in-
dicate that the dominant journals are published by professional societies (the Society of
Economic Geologists, the Mineralogical Society of America, and the Geochemical and
Meteoritical Societies).

An adjunct investigation of the institutional subscription prices indicates that profes-
sional societies are selling their journals’ wares at one-third to one-twentieth the price of
commercial for-profit publishers. Certain of the latter have reached costs to libraries in
excess of $10 per article; the decline of the U.S. dollar in currency markets is by no means

the only cause of that inordinate price.

INTRODUCTION

About half of the members of the Mineralogical Society
of America (MSA) are professors, one-fifth are graduate
students, and the remainder are split evenly as employees
of industry and governmental agencies. So it is obvious
that scientific research is the professional preoccupation
of most of us. And because research is often expensive,
the amounts and sources of its funding are likely to be
indicators of the relative value it is accorded by those
who engage in its pursuit. In the 1987 presidential ad-
dress to MSA, entitled “Mammon and Prestige in Min-
eralogy and Petrology,” I investigated the distribution of
federal funding for research among U.S. Earth science
departments, a subject I will consider in the second part
of this written version of the address.? In this, the first
part, I will discuss the tribunal in which the prestige of

! Adapted from the Presidential Address at the annual meeting
of the Mineralogical Society of America, October 27, 1987, in
Phoenix, Arizona.

2 The second part will appear later in 1988 in American Min-
eralogist.
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research is ostensibly judged, namely the archival litera-
ture.

For many decades the motto “Publish or Perish” has
been the vexation of growing numbers of academic
professionals, and at least in part because publication
productivity has become the primary criterion for career
advancement, the scientific literature is bloated with pa-
pers and an ever-increasing number of journals. Thus the
relative quality of kindred periodicals—old or new, re-
viewed or not refereed, provincial or international, soci-
ety nonprofit or commercial for-profit—is a matter of
concern to the members of any identifiable subgroup of
scientists. For the members of MSA, a study of selected
journals in mineralogy, petrology, geochemistry, and re-
lated subjects seemed a reasonable way to begin objec-
tively assessing prestige in these disciplines.

But what are some possible measures of the relative
reputations of such journals? (1) Bibliometric rankings
are reported annually in the “Journal Citation Reports”
(“JCR”) volume of the Science Citation Index (SCI); these
include impact factor, immediacy index, half-life, num-
ber and source of citations, etc. (2) Circulation data re-
lated to the numbers of institutional subscribers and of
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individual members of professional societies are useful,
though difficult to obtain. And (3) there often is infor-
mation in the “Acknowledgments™ section of an article
about the source or sources of financial support for the
research reported therein that provides a link to another
measure of prestige, i.e., funding obtained by the au-
thor(s) on a competitive basis.

Although alternate methods of research publication,
such as microfiche and camera-ready copy, have been
and are still being field-tested, typeset professional jour-
nals continue to be the medium of choice for scientific
communication. In small and relatively circumscribed
disciplines like ours, such journals tend to be expensive.
At the moment, inflation is modest, but federal and state
budget cutting, weakening dollars in currency markets,
the ever-present profit motive, languishing mineral and
fossil-fuel industries, and increased competition for re-
search funding (particularly in Earth sciences) all conspire
to closely focus attention on the rapidly rising prices of
journals. Thus, as an adjunct to the investigation of pres-
tige among professional publications, I have assembled
comparative data on their prices. The purpose is to assist
science libraries, professional societies, commercial pub-
lishers, and individual subscribers and authors in dealing
with what is widely recognized —at least in North Amer-
ica—to be a crisis in library funding.

JOURNALS ASSESSED

Because English is the language of ~88% of the half-
million articles and ~96% of the 7.5 million citations
listed in the 1986 Science Citation Index (SCI; Garfield,
1987), I have chosen a limited number of primarily En-
glish-language journals to represent the research disci-
plines in which MSA members are involved, namely,
mineralogy (including crystallography), petrology, and
geochemistry. By definition, these are not mutually ex-
clusive—the overlap is considerable. In Table 1, I have
somewhat arbitrarily assigned journals to one category or
another. For instance, Contributions to Mineralogy and
Petrology and Mineralogy and Petrology, in spite of their
titles, are assigned to petrology, whereas in one of the
comparative studies the American Mineralogist is listed
under both mineralogy and petrology in order to give a
familiar point of cross-reference between the related cat-
egories.

Some journals were investigated less extensively than
others. In particular, the sources of financial support for
U.S. authors publishing in Economic Geology were not
enumerated. And only the two-thirds of those papers in
the American Journal of Science that I decided were “pet-
rologic™ in emphasis were evaluated in this manner. Re-
views in Mineralogy has only recently been indexed by
SCI (its first-reported impact factor is 3.52, based on 362
citations in 1986), so it lacks a sufficient database for
meaningful comparison with other publications. The
Journal of Metamorphic Geology has only been published
since 1983 so its comparison with other journals in pe-
trology is somewhat less than equitable.
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Clay Minerals (British) and Clays and Clay Minerals
(U.S.) were taken as representative of an important sub-
discipline of mineralogy and crystallography, and Miner-
alium Deposita and Economic Geology represent ore
mineralogy and petrology, the former a commercial jour-
nal with an associated professional society, the latter a
journal of a society whose membership is about 5000.

In geochemistry, Geochimica et Cosmochimica Acta is
the giant. It is one of two journals offered to the mem-
bership of both the Geochemical Society and the Meteor-
itical Society, but it is published for profit by Pergamon
Journals. The other periodicals chosen for inclusion are
Chemical Geology and Geochemical Journal. Geochem-
istry International is an English translation of the Russian
monthly Geokhimiya; it has very limited circulation (80
in 1987) and high price ($625 in 1988).

I did not attempt to survey the crystallographic litera-
ture because a detailed bibliometric and citation analysis
was recently completed by Hawkins (1980). Careful ex-
amination of the American Mineralogist and Zeitschrift
fiir Kristallographie showed that 156 and 80 papers (re-
spectively) describing crystal-structure determinations of
minerals and directly related synthetic compounds ap-
peared in the period 1980-1986. Judging from their
indexes, the five European journals of mineralogy (Min-
eralogical Magazine, Bulletin de Minéralogie, Schweizer-
ische Mineralogische und Petrographische Mitteilungen,
Rendiconti della Societa Italiana di Mineralogia e Pe-
trologia, and Fortschritte der Mineralogie) published about
65 mineralogically related structure papers.

Financial support data were collected for the years
1980-1986, with these exceptions: (1) the Journal of
Metamorphic Geology (1983-1986), (2) Mineralium De-
posita (1980-1985), and (3) Clays and Clay Minerals
(1980-1983, 1985, 1986). Bibliometric data from “JCR”
were available for all years for (2) and (3).

TOOLS OF ASSESSMENT
Science Citation Index

The Institute of Scientific Information (ISI) of Phila-
delphia, Pennsylvania, was organized by Eugene Garfield.
It has made outsized contributions to the rate and thus
the quality of communication in science through its weekly
Current Contents and annual (since 1964) Science Cita-
tion Index (SCI). In 1986 alone, 4316 journals containing
480642 “source items” (articles, excluding abstracts of
papers presented at meetings) and 7464 192 “citations”
(references) were processed by ISI and catalogued in many
useful ways. Of particular relevance in our evaluation of
selected journals are the SCI “Journal Citation Reports”
(“JCR™) that answer these basic questions: “How often
has a journal been cited? What journals have cited it?
How frequently ... ? What journals has it cited? How
often? What are the chronological patterns of citation
(older or newer material)? What is the degree of self-ci-
tation?” (“JCR,” 1985, vol. 19, p. 7A).

I have collected data on the journals in Table 1 for the
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TaBLE 1. List of journals and their publishers, grouped by cat-
egory
Abbrevia-
tion Journal title* Publisher(s)
Mineralogy

Am Min American Mineralogist Mineralogical Society of
America

RiM (Reviews in Mineralogy) (Mineralogical Society of
America)

Bull Min Bulletin de Minéralogie Société Frangaise de Minér-
alogie et de Cristallogra-
phie

Can Min Canadian Mineralogist Mineralogical Association of
Canada

Min Mag Mineralogical Magazine Mineralogical Society of
Great Britain and Ireland

PCM Physics and Chemistry Springer-Verlag

of Minerals
Petrology

AJS American Journal of Sci-  Kline Geology Laboratory,

ence Yale University

CMP Contributions to Mineral-  Springer-Verlag

ogy and Petrology
J Met Geol Journal of Metamorphic Blackweli Scientific Publica-
Geology tions

J Pet Journal of Petrology Oxford University Press

Lithos Lithos Universitetsforlaget (through
1983); Elsevier Science

.. Publishers

Min & Pet Mineralogy and Petrolo-  Osterreichischen Mineralo-
TMPM gy [formerly Tscher- gischen Gesellschaft;

maks Mineralogische Springer-Verlag

und Petrographische

Mitteilungen]

Geochemistry

GCA Geochimica et Cosmo- Geochemical Society and

chimica Acta Meteoritical Society; Per-

gamon Press

ChG Chemical Geology Elsevier Science Publishers

G'chem J Geochermical Journal Geochemical Society of Ja-
pan

—_ (Geochemistry Interna- (Scripta Technica—John Wi-
tional) ley & Sons)
Other

Ci Min Clay Minerals Clay Minerals Group of the
Mineralogical Society of
Great Britain and Ireland;
Blackwell Scientific Publi-
cations

CI CI Min Clays and Clay Minerals  Clay Minerals Society

Min Dep Mineralium Deposita Springer-Verlag; Society for
Geology Applied to Miner-
al Deposits

Ec Geol (Economic Geology) (Society of Economic Geolo-
gists)

* Journals in parentheses were investigated bibliometrically on a limited
scale.

years 1980-1986 from the “JCR” volumes numbered 14,
14, 14, 15, 15, 18, and 19, respectively, in the seven SCI
annual series. Each of these volumes contains an updated
reference list of recent and the more important older
studies involving citation analysis applied to a variety of
disciplines (see especially Garfield, 1972). Each also gives
definitions and caveats regarding the various bibliometric
parameters chosen for use in this study. They are impact
factor, immediacy index, citing half-life, and self-citation
rate.
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Fig. 1. Plot of immediacy index vs. impact factor, both av-
eraged over the three-year period 1983-1985. Data are from
App. Table 1 as summarized in the second and fourth columns
of Table 2. Abbreviations represent names of the more presti-
gious journals (see Table 1).

Mean Immediacy Index, 1983-1985

Impact factor. Impact factor is basically a ratio between
citations and citable source items published. For exam-
ple, if the hypothetical Journal of Minpet (JM) contained
28 articles in 1984 and 32 in 1985, and JM was refer-
enced in all journals (including itself) 70 times in 1984
and 50 times in 1983, the impact factor reported in 1986
would be (70 + 50)/(28 + 32) = 120/60 = 2.000. The 70
citations in 1984 include references to any articles in any
issue of JM from its beginning through 1984; likewise
1985. Geologic journals usually have impact factors of
4.00 or less.

“The impact factor is useful in evaluating the signifi-
cance of absolute citation frequencies,” tending “to dis-
count the advantage of large journals over small ones,”
and of frequently issued and older journals over less fre-
quently issued and new ones. The impact factor permits
“some qualification of quantitative data™; it is “algo-
rithmic and objective, but nonetheless useful” (“JCR,”
1986, 20, 10B).

I have found numerous errors in the “JCR” reporting
of the number of citable source items for a given year.
But a large omission (5 to 20 or more source items) in
year N is sometimes compensated in the year N + 1 by
an excess, indicating that one issue of a journal was re-
ceived after ISI’s annual deadline for processing new doc-
uments. Usually, however, corrections to numbers of
source items appear without comment in the volume for
year N + 2; that volume always lists (for the purpose of
calculating the impact factor for the year N + 2) the most
updated numbers of source items for years Nand N + 1.
Based on careful checking of the numbers of source items,
it is my judgment that most impact factors are correct
within 5%. However, to ameliorate potential problems
with any particular value, I have used mean impact fac-
tors for the years 1983-1985 when comparing journals to
one another, but I have reported them individually in
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TaBLE 2. Summary of data from App. Table 1, with addition of ‘‘Grants per funded paper”
Data from literature survey of papers, 1980-1986
Mean values, 1983-1985 P
No. of Imme- Authors Papers with
No. of Impact source diacy 1986 No. of No. of per % U.S. U.S. au-
Journal citations factor items index halif-life* papers authors paper authors thor(s)
Am Min 4224 1.954 132 0.58 >10 978 2164 2.21 59 69
Bull Min 379 0.797 70 0.29 4.8 531 1256 2.37 4 7
Can Min 722 1.174 64 0.26 7.7 457 1064 2.33 22 25
Min Mag 1008 0.628 82 0.20 9.8 636 1225 1.93 11 12
PCM 481 1.374 56 0.49 46 352 848 2.41 24 30
Avg. for
group 2.22
AJS 3830 2.862 39 0.70 >10 224 451 2.01 78 81
CMP 4425 2.225 122 0.43 7.3 930 2084 2.24 35 40
J Met Geol} 74 0.955 25 0.25 n.a. 95 187 1.97 12 13
J Pet 1687 3.508 31 0.88 8.9 21 434 2.06 31 39
Lithos 475 0.988 24 0.25 7.2 181 356 1.97 13 15
Min & Pet§ 153 0.426 26 0.18 6.1 176 367 2.09 5 8
Avg. for
group 2.13
GCA 8332 2.994 225 0.52 7.6 1501 3791 2.53 60 66
ChG 1041 1.063 115 0.24 6.7 762 1811 2.38 21 24
G’chem J 293 0.723 35 0.16 6.7 234 595 2.54 13 14
Avg. for
group 2.48
Cl Min 393 0.878 51 0.25 6.0 339 814 2.40 4 6
CI Cl Min 1055 0.945 67 0.29 8.4 496 980 1.98 46 44
Min Dep 291 0.591 41 0.16 8.1 268 549 2.05 5 7
Ec Geol n.d. 1.287 nd. 0.56 9.3 n.d. n.d. n.d. n.d. n.d.
Total 8371 18976
Avg. 34 38

Note: n.d. = not determined; n.a. = not available.

* Data compiled in part from App. Table 1 and in part from SC/ “‘JCR’" volumes.

1 Number of grants per federally supported paper.
I Journal of Metamorphic Geology published only since 1983.

§ Formerly, Tschermaks Mineralogische und Petrographische Mitteilungen.

Appendix Table 1 exactly as recorded in “JCR” (1980-
1986).

Immediacy index. This is “a measure of how quickly
the ‘average article’ in a particular journal is cited”
(“JCR,” 1985, 19, 12A). For example, the immediacy
index of JM for 1984 is calculated by dividing the num-
ber of all journals’ 1984 citations of articles in the 1984
JM by the total number of articles in JM in 1984. Articles
published earlier in the year are more likely to be cited,
and of course those journals issued biweekly or monthly
are likely to have higher immediacy indexes than bi-
monthly or quarterly publications. A plot of three-year-
mean values versus mean-impact-factor values for the
same years (Fig. 1) shows a high positive correlation. I
have chosen to rely on the latter rather than the former
when comparing journals.

Citing half-life. Citing half-life is “the number of jour-
nal publication years from the current year going back
which account for 50% of the total citations given by the
citing journalfs] in the current year” (“JCR,” 1985, 19,
12A). See Table 2 for 1986 values; all those half-life val-
ues exceeding ten years are reported simply as >10.

Self-citation rate. Self-citation occurs when an article
in a journal cites another (previously or simultaneously
published) article in the same journal. Self-citing rates are

calculated by dividing the number of self-citations by the
total number of references made; 20% is an average value
for most periodicals. I did not take this into account in
assessing the “prestige” of mineralogy, petrology, and
geochemistry journals. See the citation study of Earth sci-
ence journals by Garfield (1983).

Sources of financial support

For the 17 journals in Table 1 (those not in parenthe-
ses), the “Acknowledgments” section was checked in every
article that had at least one author who gave an address
in the United States. The purpose was to determine the
source, or lack thereof, of financial support for the re-
search reported in each paper. In order to limit the book-
keeping, only federally funded sources were counted for
most journals. The Petroleum Research Fund (PRF) of
the American Chemical Society was specifically included
for studies of Geochimica et Cosmochimica Acta and Clays
and Clay Minerals.

The relevant data in Appendix Table 1 are listed under
the headings “Number of papers supported by . .. NSF,
DOE, NASA, NATO, Fed’l (=Federal), Unsupported”
and, in the last column, of parts | and p, “PRF.” For
example, if the authors of an article listed five National
Science Foundation (NSF) grants and two National Aero-



RIBBE: PRESTIGE AND PRICE OF PROFESSIONAL PUBLICATIONS

TasLE 2—Continued

Data from literature survey of papers, 1980-1986

% Grants
% Papers supported b Unsup- per

p il y ported  funded

NSF DOE NASA NATO Fed'l papers  paper}
51 3 6 1 19 20 1.27
31 4] 0 3 12 54 n.d.
37 2 2 2 27 30 1.05
28 4 3 1 32 32 0.66
59 7 4 5 13 13 1.36
58 5 3 ] 14 19 1.52
61 3 8 4] 6 22 1.42
83 8 0 8 0 0 1.50
73 5 1 1 8 12 1.56
28 3 3 3 8 56 1.25
33 0 0 11 27 29 0.33
39 10 21 7 9 14 n.d.
29 10 2 0 26 33 n.d.
38 3 5 0 13 42 n.d.
13 3 0 7 3 74 nd
26 6 2 4 16 46 n.d.
0 4 11 11 19 56 0.88
n.d. nd. nd. nd. n.d. n.d. nd.

nautics and Space Administration (NASA) grants (e.g.,
Steele et al., 1981), “1” would be entered in the NSF and
““1” in the NASA column for 1981, indicating simply that
each of those groups supported that work. If one or more
of the authors gave a federal agency (U.S. Geological Sur-
vey, U.S. Bureau of Mines, Smithsonian Institution,
Brookhaven National Laboratory (N.L.), Oak Ridge N.L.,
Los Alamos N.L., etc) as an address, a “1” would be
entered in the “Fed’l” column. On rare occasion, as many
as three federal sources of funding might be acknowl-
edged in a single article.

Strictly speaking, the North Atlantic Treaty Organiza-
tion (NATO) is not a U.S. federal agency. Furthermore,
its support of scientific research is usually limited to trav-
el and per diem expenses in connection with international
collaboration; thus, it does not rank with NSF, DOE (De-
partment of Energy), or NASA in terms of the amount of
money contributed to a research effort. But because ac-
knowledgments of NATO grants were recorded in the
initial study, they are reported in Appendix Table 1 and
Table 2 with the others.

In order to normalize the data (see App. Table 1), I
calculated the percent of unsupported papers straightfor-
wardly, i.e., “No. of unsupported” divided by the total
number of papers with U.S. authors. Data in the column
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“Percentage of papers supported by ... NSF,” for ex-
ample, were calculated by dividing the number of papers
referencing NSF by the total number of papers referenc-
ing (NSF + DOE + NASA + NATO + “Fed’l”), and
then, in order to normalize that number to account for
the fact that more than one funding or federal agency
might have supported a single article, this quotient was
multiplied by the percent of supported papers [= (100 —
“0% unsupported™)].

Although details are not recorded in Appendix Table
1, those 11 periodicals that have an entry in the column
labeled “Grants per funded paper” in Table 2 were more
thoroughly examined than the above. In addition to pa-
pers whose authors gave federal agencies, laboratories, or
museums as addresses, every individual grant acknowl-
edged in papers by U.S. authors in these journals was
counted. For example, the article by Steele et al. (1981)
received seven entries but, had one of the authors given
the Smithsonian Institution as an address, the article
would have had eight entries. By this means it was pos-
sible to determine the number of federal research grants
per federally supported paper. The hypothesis is that the
more prestigious journals report the more prestigious re-
search which in turn is more heavily supported—not only
by larger amounts of money but also by multiple grants—
than research of “less importance.”

“Unsupported” research papers

Nearly every professional paper is written by someone
whose salary is paid by someone else and who is provided
with a place in which to work. Thus the concept of “un-
supported research” is mythical in the absolute sense. But
in the context of this study, characterizing an article as
“unsupported” indicates that no acknowledgment was
specifically given to NSF, DOE, NASA, or NATO, nor
was an author’s address an agency of the federal govern-
ment or a national laboratory. In the case of Geochimica
et Cosmochimica Acta, two categories of ““support” were
added (see Fig. 2c). “PRF” (Petroleum Research Fund)
and “Other Fed’l,” which includes National Institutes of
Health, the Environmental Protection Agency, National
Oceanographic and Atmospheric Administration, Army
and Navy research offices, the Bureau of Land Manage-
ment, and others not in the “Fed’l” group defined for all
other journals.

To get an idea of to what extent “‘unsupported” re-
search papers by U.S. authors are actually unsupported,
I examined the acknowledgments of 139 such articles in
the American Mineralogist (1980-1986) and found that
60% had absolutely no references to financial support.
These included a paper by Linus Pauling (1980), one by
Grove et al. (1983), and a very unusual one by Peacor et
al. (1982), plus 11 discussions, replies, and nomenclature
notes, 13 crystal structures and descriptions of new min-
erals, and a study of the effects of locomotive steam on
road ballast. The other 40% could be apportioned about
equally among (1) authors with industrial addresses, (2)
those at the Geophysical Laboratory, (3) those who ac-
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Fig. 2. Pie charts showing distributions of percentages of financial support (or lack thereof) acknowledged by authors giving
addresses in the United States in the 17 journals of Table 1 for the years 1980-1986. (a) Journals with a primary mineralogical
emphasis; (b) journals with a petrologic emphasis [note that the American Mineralogist is repeated here for purposes of comparison
with (a); only papers of petrologic interest were examined in the American Journal of Science]; (c) journals with geochemical or
other emphases. The areas of the pic charts are proportional to the mean impact factors of the journals for 1983-1985; numbers

are percentages from Table 2.

knowledged small external grants (Sigma Xi, Geological
Society of America, etc.), and (4) others with (probably
small) internal grants from university research founda-
tions.

ASSESSMENT OF PRESTIGE

Journals were grouped for comparison as in Table 1
using data from Appendix Table 1, summaries of which
are reiterated in Table 2. As a convenient reference point
between the overlapping disciplines of mineralogy and
petrology, the American Mineralogist was considered in
both categories. Mineralium Deposita and the clay min-
eral journals are combined with geochemical ones only
for convenience. More than 3150 papers with nearly 6450
U.S. authors (38% and 34% of the respective total num-
bers of papers and authors) were examined in this study.

Impact factor and support of research

Figure 2 contains pie charts for the 17 journals. Areas
are proportional to the mean impact factor of the journal
for the years 1983-1985, and the slices of the pie are

labeled according to supporting agencies (or lack thereof),
as discussed above.

Ranking of journals. There are few surprises in these
compilations. The way I have categorized the journals,
the American Mineralogist appears to be the leading
“mineralogical” journal (Fig. 2a), but Contributions to
Mineralogy and Petrology has had a consistently higher
impact factor (Fig. 2b) for at least ten years. The Journal
of Petrology is outstanding (Fig. 2b), and on the basis of
its impact factor, it has been ranked first in the “JCR”
“geology” category since it was introduced in 1979. The
second-ranked American Journal of Science has also been
second in the “JCR” list of “geology” journals, but note
that only papers with a petrologic emphasis were evalu-
ated for the sources of support of research, whereas the
impact factors were based on its entire contents. Geo-
chimica et Cosmochimica Acta (Fig. 2¢) is the leading
geochemical journal by a wide margin.

Funded research. The agencies supporting the research
reported in this selection of 17 journals are dominated
by NSF, NASA, and DOE, in that order. In fact, of all
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Fig. 2— Continued.

papers by U.S. authors that are supported by the big three
granting agencies, more than three-quarters are funded
by NSF, and most of these by the Earth Science Division,
followed distantly by Ocean Sciences and the Materials
Research Division.

Figure 3 summarizes data from Figure 2 (and App.
Table 1 and Table 2). In Figure 3a is shown the relation-
ship between the percentage of papers by U.S. authors
supported by the three primary granting agencies (for
1980-1986) as a function of the mean impact factors of

the journals. Clearly, the better journals are attracting the
greater percentage of funded research papers. Figure 3b
contains a portion of the same curve, although only data
from journals with >20% of its papers by U.S. authors
are plotted. For comparison, the percentage of papers by
authors employed by government agencies (“% Fed’l” in
Table 2) shows a general decrease with increasing quality
of the journal. The regression line shown is statistically
the same as that obtained using the full data set.
“Unsupported” research. The percentages of papers by
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U.S. authors that contain no reference to a federal labo-
ratory, museum, or granting agency, or to PRF or NATO,
are plotted as a function of mean impact factor in Figure
3c. The “better” journals (vertical labels) average ~16%
“unsupported” papers, those with impact factor <1.0
range between 30 and 75% ‘““unsupported” papers.
Multiple grants. Although dollar amounts of grants were
never mentioned in journal articles, many U.S. authors
acknowledged multiple grants from one or more federal
agencies, including those implicit in their addresses. Such
data were gathered from only 11 of the 17 journals. They
are presented in Figure 4 as a plot of average number of
grants per federally funded paper, where “federally fund-
ed paper” includes not only those containing acknowl-
edged grants but also those whose authors list addresses
at government agencies. Papers by federal employees are

not funded by NSF, and generally not by NASA or DOE,
although there are occasional exceptions for NASA and
many more so for DOE, which heavily supports research
at some of the national laboratories. Not surprisingly, the
curve in Figure 4 has the same form as that in 3a: grants
beget more grants. (I will discuss the issue of multiple
grants in the second part of my written version of the
1987 presidential address.)

Circulation

The circulation of a particular journal is generally not
a reliable measure of the esteem in which it is held by
the scientific community. A commercial, for-profit jour-
nal is not likely to be subscribed to by individual scien-
tists unless the journal is also sponsored, edited, or oth-
erwise controlled by a not-for-profit professional society
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Mean Impact Factor, 1983-1985

Fig. 3. Mean impact factors of journals for the years 1983-
1985 plotted against (a) total percentages of papers by U.S. au-
thors that were supported by NSF, NASA, and DOE in the years
1980-1986; (b) same as (a) (solid triangles) with percentages of
papers of authors employed by governmental agencies (open tri-
angles) shown for comparison [only journals with >20% papers
with U.S. authors are plotted]; (c) percentages of “‘unsupported”
papers—see text for discussion. Data from Table 2.

and made available to its membership at a price consid-
erably below institutional subscription rates (Geochimica
et Cosmochimica Acta is a notable example). Most soci-
eties publish and market their own journals privately,
and lacking the profit motive, they often are constrained
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Fig. 4. Average number of federal grants per paper, as ac-
knowledged by U.S. authors in papers considered to be “sup-
ported” (see text), plotted against mean impact factor (1983-
1985) for 11 journals.

to subsidize the publication costs with volunteer editorial
labor (commercial publishers do the same) and voluntary
or even mandatory page charges and/or charges to the
authors for reprints. So price is not unrelated to circula-
tion, but as discussed below, price is likely to become a
major issue in the effectiveness or even the survival of
some of the historically “better” journals.

1 think that very few scientists have any idea of the
relative circulation of the periodicals to which they sub-
mit their research papers. And until recently, few of them
have given any thought to how much that journal is cost-
ing their library. My conversations on this subject with
certain “more esteemed” members of the community of
mineralogists and petrologists have been revealing: most
simply are interested in fast publication (preferably with
a minimum of hassle from reviewers), with no page
charges and free reprints. Some obtain a degree of per-
sonal and professional fulfillment by publishing in jour-
nals outside their traditional areas of endeavor, but most
are concerned with communicating as rapidly as possible
within their “invisible colleges™ (for the sociology of this
phenomenon, see Crane, 1972). As indicated above in
the study of impact factor and financial support of re-
search, few scientists of repute are likely to sacrifice much
in the way of perceived prestige of the journal they choose
in order to obtain quick, “cheap” publication, but almost
none have given any thought to circulation or price—they
would assume that the best institutions subscribe to every
journal regardless of price. This may not be a valid as-
sumption in the future.

Figure 5 is a plot of circulation data collected almost
entirely through personal communication with journal
editors, secretaries of societies, and employees of various
status within commercial publishing establishments (ex-
cept Elsevier Scientific Publishers, who declined to re-
lease figures). In the bar graph to the left are plotted the
numbers of individual subscribers. Prices listed there are
the 1988 dues paid to professional societies, or (in the
case of American Journal of Science) to a nonprofit pub-
lisher, or in the case of Physics and Chemistry of Minerals
and Journal of Metamorphic Petrology to MSA as a spe-
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Fig. 5. Circulation data for 14 journals (Table 3), divided between individual subscribers (left) and institutional subscribers

(right). Abbreviations of titles may be interpreted from journal listings in Table 1. Data and 1988 prices (1987 for Bulletin de

Minéralogie) are from Table 3; mean impact factors for 1983—

1985 are from Table 2. *The institutional subscription rate for

American Mineralogist includes Reviews in Mineralogy (RiM). Question marks on Mineralogy and Petrology (T Min & Pet M) data
indicate uncertainty as to the distribution of total circulation of 710 volumes between individual and institutional subscribers.

cial reduced price from the publishers (see Table 3). Note
that significant numbers of individuals choose to sub-
scribe only to journals of professional societies whose
prices are low. Exceptions are the American Journal of
Science and the Journal of Petrology, whose reputations
are outstanding and whose prices to individuals for per-
sonal use are moderate.

In the graph on the right are plotted the numbers of
institutional subscribers who pay the 1988 rates recorded
on the bars. Open bars represent journals of professional
societies (average price of eight: $113), shaded bars rep-
resent journals of societies that are published and mar-
keted by commercial scientific presses (average price of
two: $347), and black bars represent commercial for-prof-

TABLE3. Subscription prices to members, circulation data, normalized institutional prices, and normalized institutional prices divided

by impact factor

Mean normalized

No. of subscribers institutional price*

1988 member 1986 total Mean normalized divided by mean
Journal price circulation Individuals Institutions institutional price* impact factort
Am Min 40 4100 2750 1350 0.72 0.37
Bull Min 42 1200 720 480 1.82 2.28
Can Min 20 2102 1379 723 0.60 0.51
Min Mag 25 1695 795 900 1.92 3.05
PCM 190 504 22 482 4.06 2.95
AJS 40 2250 480 1770 2.48 0.87
CMP 808 2 806 6.54 2.94
J Met Geol} 90 364 9 355 4.80 5.03
J Pet 120 1227 152 1075 2.83 0.81
Lithos n.a. n.a. 4.47 4.52
Min & Pet§ 256 710 150? 4.45 10.43
GCA 30 3150 1975 1175 1.38 0.46
ChG n.a. n.a. 4.92 4.62
G’chem J 64 n.a. n.a. 2.38 3.29
Cl Min 25 1090 530 560 217 2.47
Cl CI Min 35 1600 650 950 1.14 1.20
Min Dep 836 836 2.94 4.97
Ec Geol 46 7000 5000 2000 0.32 0.25

Note: Numbers are only approximate; all prices are in U.S. dollars. See Figure 8 for explanation; n.a. = not available.
* Mean of 1985 and 1986; normalized prices are the institutional price per source item.

T Mean of 1983, 1984, 1985 impact factors.
¥ Journal of Metamorphic Geology published only since 1983.

§ Formerly, Tschermaks Mineralogische und Petrographische Mitteilungen.
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TaBLE 4. Institutional prices in current and inflation-adjusted (1980) dollars, 19801988
Journal 1980 1981 1982 1983 1984 1985 1986 1987 1988

Am Min 55 (55) 55 (50) 55 (47) 80 (66) 105 (84) 110 (85) 115 (85) 130 (93) 140 (96)
Bull Min n.a. n.a. 97 (83) 99 (82) 99 (79) 105 (81) 108 (80) 120 (86) 120 (82)
Can Min 35 (35) 35 (32) 35 (30) 35 (29) 29 (23) 41 (32) 46 (34) 54 (38) 56 (38)
Min Mag 75 (75) 100 (91) 160 (138) 160 (133) 165 (132) 170 (131) 170 (126) 170 (121) 195 (134)
PCM 94 (94) 155 (141) 163 (140) 155 (128) 176 (141) 223 (172) 234 (173) 403 (287) 515 (353)
AJS 50 (50) 70 (64) 70 (60) 80 (66) 80 (64) 80 (62) 80 (59) 80 (57) 80 (55)
CMP 707 (707) 774 (706) 813 (699) 526 (436) 556 (444) 787 (605) 826 (612) 1125 (802) 1363 (934)
J Met Geolf n.p. n.p. n.p. 98 (81) 98 (78) 98 (75) 140 (104) 140 (100) 170 (117)
J Pet 55 (55) 65 (59) 79 (68) 87 (72) 90 (72) 120 (92) 135 (100) 160 (114) 180 (123)
Lithos 47 (47) 54 (49) 55 (47) 59 (49) 70 (56) 70 (54) 129 (96) 143(102) 157 (108)
Min & Pet§ 105 (105) 226 (206) 125 (107) 176 (146) 87 (69) 91 (70) 95 (70) 262 (187) 320(219)
GCA 275 (275) 240 (219) 240 (206) 240 (199) 290 (232) 290 (223) 340 (252) 375 (267) 375 (257)
ChG 324 (324) 225 (205) 240 (206) 344 (285) 551 (440) 694 (534) 850 (630) 888 (633) 1000 (685)
G’chem J 61 (61) 62 (57) 55 (47) 58 (48) 71 (57) 71 (55) 95 (70) 116 (83) 166 (114)
Cl Min 95 (95) 95 (87) 100 (86) 100 (83) 110 (88) 110 (85) 110(82) 110(78) 135 (93)
Ci Cl Min 84 (84) 84 (77) 96 (83) 96 (80) 96 (77) 96 (74) 96 (71) 110 (78) 96 (66)
Min Dep 97 (97) 110 (100) 81(70) 101 (84) 104 (83) 113 (87) 118 (87) 155 (110) 188 (129)
Ec Geol 25 (25) 30 (27) 30 (26) 39 (32) 39 (31) 46 (35) 55 (41) 80 (57) 80 (55)

Note: For each year, the first value is the actual price in U.S. dollars; the second value is the price in inflation-adjusted (1980) dollars. n.a. = not

available; n.p. = not published.
} Journal of Metamorphic Geology published only since 1983.

§ Formerly, Tschermaks Mineralogische und Petrographische Mitteilungen.

it journals [average price of the five shown: $483; if the
two Elsevier publications are added (Tables 1 and 4), the
average price is $481]. The highest priced journal is Con-
tributions to Mineralogy and Petrology, which at $1363
for 1988 costs only $235 less than the total price of all
ten journals published by professional societies.

“Twigging” is practiced among commercial publishers
looking for new markets and additional ways to serve the
scientific community; it involves introducing new jour-
nals that represent ever-more-specialized subdisciplines.
In December 1987, three new “twigs” (all from Elsevier,
who publishes nearly 600 journais) crossed my desk. The
only recent one in the list in Table 1 is Blackwell’s Jour-
nal of Metamorphic Geology, whose appearance in 1983,
just before the dramatic upturn of European currencies
relative to the U.S. dollar (Fig. 6), may account for its
very low circulation of 364 copies. To be sure, Bowker
(1987) recently stated that “we [Blackwell Scientific Pub-
lications, Ltd.] are very conscious of the need to avoid
‘twigging’ of journals, and indeed we are moving cau-
tiously in the opposite direction by encouraging mergers
of existing titles.”” Unfortunately, merging is likely to oc-
cur only among journals published by a single company
and probably only when profitability is threatened or ad-
ditional profitability is promised. The two mineralogy-
petrology journals with highest prices per article (nor-
malized prices, Table 5) have similar titles and meet the
first criterion for potential merger—but probably not the
second. An interesting and highly commendable devel-
opment is underway among three mineralogical societies
in continental Europe to combine their separate journals
into one.

In the assessment of prestige, circulation is obviously
of minor importance. However, in an author’s choice of

a journal, it may well be of some relevance now that it
is known for at least these few publications. Although in
the past, many authors have had little concern for any-
thing other than their own interests in the choice of a
journal, the price of journals to libraries has recently
emerged as a significant factor to be taken into consid-
eration.

ASSESSMENT OF PRICES

“Libraries stunned by journal price increases.” “Major
reduction in periodical subscriptions.” The former was
the title of a recent news article in Science (Holden, 1987);
the latter was the heading of a memo from the Director
of Libraries to department heads of a major western uni-
versity. Together they represent the major preoccupation
of science librarians and library committees of academic
faculties for the past few years. The problem has been
exacerbated by a declining dollar in foreign currency mar-
kets.

The U.S. dollar

In 1980 the U.S. dollar was at its lowest value in at
least a decade relative to European currencies and nearly
its lowest relative to the Japanese yen. Figure 6 shows
the trends since then, normalized to 1980 = 1.00. With
high dollar values in 1984 and early 1985, European jour-
nals in particular seemed reasonably priced, and indeed
Figure 7 shows that most reached their lowest dollar prices
at that time. But at the time of writing (late December
1987), German and Dutch currencies (the coin of Spring-
er-Verlag and Elsevier, respectively) have risen 12-15%
above 1980 levels, and the Japanese yen (affecting only
Geochemical Journal in our list) has gained 80%!
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Fig. 6. The change in value of the Japanese yen, Canadian
dollar, West German deutsche mark, British pound (£), and
French franc, normalized to the value of the U.S. dollar in 1980.
The relative value of the Dutch florin almost exactly mimics
that of the German mark. Data from Statistical Abstracts (1987)
and the Washington Post, September 15, 1987, and December
23, 1987.

The price of journals

In order to meaningfully compare the prices of jour-
nals, it is necessary to somehow normalize the database.
To consider price per page would be misleading, because
formats vary widely. For example, word density in Min-
eralogy and Petrology is ~500 per page, but in Contri-
butions to Mineralogy and Petrology, it is >1000. So in
Figure 7 I have chosen to plot the price per source item
(as defined by the Science Citation Index) for the years
1980-1988. [Barschall (1987) used price per character for
physics journals!] Prices of journals for 1988 were ob-
tained by personal communication from societies and
publishers (Table 4), but exact numbers of articles are
still unknown for 1987 and 1988, and averages for the
three previous years were used to calculate the data points
for both years. Actual prices per source item may be 10
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or 15% lower than those in Table 5 or Figure 7, if the
numbers of source items are underestimated; but they
may also be as much higher if (as it appears in late De-
cember 1987) foreign currencies continue to rise relative
to the U.S. dollar. Indeed, the price of Chemical Geology
rose from $891 to $1000 in the past three months.

It is obvious from a cursory glance at Figure 7 that the
journals published by professional societies (Geochimica
et Cosmochimica Acta, American Mineralogist, Miner-
alogical Magazine; lower right) have much lower prices
per source item to libraries than commercial journals.
These were chosen to be representative—the Canadian
Mineralogist, Economic Geology, and Clays and Clay
Minerals are priced similarly to American Mineralogist,
and Bulletin de Minéralogie, American Journal of Science
and Geochemical Journal have prices like Mineralogical
Magazine and Geochimica et Cosmochimica Acta (see
Table 5). There tends to be little fluctuation in the prices,
especially in inflation-adjusted dollars.

Our sample of commercial for-profit journals (all for-
eign) certainly reflects fluctuations in exchange rates
(compare Figs. 6 and 7). But prices to libraries started
relatively high and some have risen precipitously in re-
cent years. For example, even if Contributions to Min-
eralogy and Petrology has 150 citable articles in 1988,
and Mineralogy and Petrology has 25, the prices per source
item will be about $9 and $13, respectively (higher, if the
U.S. dollar continues its decline). If Lithos (whose price
took a big jump when its publication was assumed by a
commercial press) has 24 and Chemical Geology 160 ar-
ticles, their prices will be about $6 per source item. These
prices range from up to 20 times as expensive as Eco-
nomic Geology 1o as low as 3 times as expensive as the
European mineralogical society journals, judging by their
“North American” prices.

There is a well-established practice known as “discrim-

TaBLE 5. Normalized institutional prices in current and inflation-adjusted (1980) dollars, 1980-1988

Journal 1980 1981 1982 1983 1984 1985 1986 1987 1988
Am Min 0.36(0.36) 0.45(0.41) 0.40(0.34) 0.66(0.55) 0.82(0.66) 0.75(0.58) 0.68 (0.50) 0.88 (0.63) 0.95 (0.65)
Bull Min n.a. n.a. 1.13(0.97) 157(1.30) 150(1.20) 1.44(1.11) 2.20(1.63) 1.79(1.28) 1.79(1.22)
Can Min 0.54(0.54) 0.47(043) 0.70(0.60) 0.74(0.62) 0.39(0.31) 0.58(0.45) 0.61(0.45) 0.73 (0.51) 0.76 (0.51)
Min Mag 0.87(0.87) 1.33(1.21) 134(1.16) 1.76(1.46) 1.96(1.57) 2.18(1.68) 1.65(1.22) 1.98 (1.41) 2.27 (1.56)
PCM 2.19(2.19) 3.30(3.00) 3.98(3.41) 292(242) 3.20(256) 3.78(2.92) 4.33(3.20) 7.33 (5.22) 9.36 (6.42)
AJS 0.62(0.62) 1.27(1.16) 1.25(1.07) 2.05(1.69) 1.86(1.49) 229(1.77) 2.67 (1.97) 2.05 (1.46) 2.05 (1.41)
CMP 4.04(4.04) 5.73(5.23) 7.07(6.08) 4.87(4.04) 3.83(3.06) 7.42(5.71) 5.66(4.19) 8.27 (5.90) 10.02 (6.87)
J Met Geol} n.p. n.p. n.p. 490(4.05) 3.92(3.12) 3.77(2.88) 5.83(4.33) 5.60 (4.00) 6.80 (4.68)
J Pet 220(2.20) 3.82(3.47) 3.95(3.40) 3.78(3.13) 2.73(2.18) 3.24(2.49) 2.41(1.79) 4.10 (2.92) 4.62 (3.15)
Lithos 1.47(1.47) 2.08(1.88) 1.96(1.68) 2.19(1.81) 292(2.33) 3.33(257) 5.61(4.17) 6.22 (4.43) 6.83 (4.70)
Min & Pet§ 5.25(5.25) 8.07(7.36) 4.31(3.69) 5.50(4.56) 3.48(2.76) 4.14(3.18) 4.75(3.50) 11.91(8.50) 14.55(9.95)
GCA 1.49(1.49) 1.19(1.08) 1.10(0.94) 1.17(097) 1.24(1.00) 1.37(1.06) 1.38(1.02) 1.59 (1.13) 1.59 (1.09)
ChG 421(4.21) 2.85(2.59) 3.48(299) 4.00(3.31) 4.02(3.21) 4.45(3.42) 5.38(3.99) 6.04 (4.31) 6.80 (4.66)
G’chem J 1.69(1.69) 2.07(1.90) 190(1.62) 1.87(1.55) 1.87(1.50) 1.97(1.53) 2.79(2.06) 3.22 (2.31) 4.61(3.17)
Cl Min 238(2.38) 257(2.35 222(1.91) 233(1.93) 1.62(1.29) 262(2.02) 1.72(1.28) 1.90 (1.34) 2.33 (1.60)
CI Cl Min 1.29(1.29) 1.33(1.22) 1.48(1.28) 145(1.21) 1.43(1.15) 1.23(0.95) 1.04(0.77) 1.53 (1.08) 1.33(0.92)
Min Dep 2.55(2.55) 2.89(2.63) 2.53(2.19) 240(2.00) 2.67(2.13) 276(2.12) 3.11(2.29) 3.88 (2.75) 4.70 (3.23)
Ec Geol nd. n.d. n.d. n.d. n.d. 0.27 (0.23) 0.36(0.27) n.d. nd.

Note: For each year, the first value is the actual price in U.S. dollars; the second value is the price in inflation-adjusted (1980) dollars. n.a. = not

available; n.p. = not published; n.d. = not determined.
1 Journal of Metamorphic Geology published only since 1983.

§ Formerly, Tschermaks Mineralogische und Petrographische Mitteilungen.
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Plots of change in price per source item for selected journals for the period 1980-1988. Squares represent prices in

current U.S. dollars, diamonds those in 1980 dollars (adjusted for inflation using the gross national product price deflators from
National Science Board, 1986, and more recent sources). Data from Table 5; the numbers of source items for 1987 and 1988 were
estimated to be the same as the average of the previous three years (see App. Table 1).

inatory pricing” in which certain British and German
publishers charge substantially higher prices to North
American subscribers than to Europeans. (Seventeen
commercial presses in England averaged a 68% surcharge
in a recent year.) Some U.S. publishers do the same in
reverse—Pergamon’s European price is 20% higher than
its domestic price (Holden, 1987). These facts may be the
cause of little astonishment, but it was disquieting to me
to realize that between 1984 and 1987, the surcharge by
the nonprofit Mineralogical Society of Great Britain and
Ireland amounted to 42% (about $50 per year) for Min-
eralogical Magazine, and the rate is presumably as great
for its other publications (Clay Minerals and Mineral-
ogical Abstracts); there may be 450-500 subscriptions to
each of the three in the U.S. and Canada. On the other
hand, the U.S. dollar prices of Physics and Chemistry of
Minerals (Springer-Verlag) were less than 5% higher than
the German currency prices between 1980 and 1987. El-
sevier sells its journals only in the currency of the country
in which it is printed, so apart from the portion of the
price that is pure profit, both publisher and purchaser are
at the mercy of the foreign exchange currency mer-
chants—win or lose.

CONCLUSIONS

It is somewhat arbitrary to consider journals purely in
monetary terms, although in times of austerity “cost per
source item” is a reasonable point of reference. In the
conference rooms of many science libraries, there is talk
of “collective bargaining” with the commercial press, and
for those in dire financial straits, this approach to the
problem is preferable to cancellation of subscriptions to
the highest priced (and often good to excellent quality)
journals. Unfortunately for some, cancellation may be the
only recourse, because “‘restraint of trade” laws preclude
certain types of collective actions. Our library at Virginia
Tech is among the swelling multitude of those that are
cancelling large numbers of subscriptions: the first cuts
were not particularly injurious, but the second were dis-
tressing, and the third will be painful. Libraries once con-
sidered to be ‘“comprehensive” are being forced into
sharing collections.

It would be naive to think that a significant number of
cancellations will force journal prices down, because pub-
lishers’ costs are figures on a “per unit” basis: prices will
rise to those still well enough endowed to continue all
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Price (from left axis) divided by mean impact factor

Mean price per article (1985+1986), current U.S. dollars

n -
Fig. 8. Prices in current dollars per source item, averaged for
1985 and 1986 (left), compared to the same prices divided by
the journal’s mean impact factor for 1983-1985 (right). The low-
er portion of the scale ($0.00-1.00) is expanded by 2.5x. Note
that all professional society journals have prices of less than
$2.50 per source item. Data are from the last two columns of
Table 3; abbreviations may be interpreted from journal listings
in Table 1.

their subscriptions. But this cannot go on indefinitely.
“There is a widespread belief that many small-circulation
journals will go out of business” (Holden, 1987). Market
pressures will prevail.

But the literature of science is not simply a matter of
economics. Ifit were, we would cancel a few highly priced
journals and continue subscribing to the many reasonably
priced ones. Journal quality is a paramount consider-
ation, and factoring quality into price is an interesting
exercise. Figure 8 is a crude effort to do just that. On the
left ordinate axis is plotted the mean price per article for
18 journals, based on the average institutional subscrip-
tion and numbers of source items for 1985 and 1986.
[Note from the data for 1988 (Table 5) that many of these
prices will have more than doubled and one has nearly
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tripled since then!] It is interesting that only commercial
journals have prices in excess of $2.50 per article.

On the right ordinate of Figure 8 are points calculated
by dividing the average prices per source item (Table 5)
by the mean impact factor assigned to the journal by SCI
“JCR” for the years 1983-1985 (Table 2). The line join-
ing the data points for a particular journal will have a
positive slope if the impact factor (I.F.) is >1.000 and a
negative slope if I.LF. <1.000. Note, however, that a low-
priced journal (4dmerican Mineralogist; 1.F. = 1.954, not
including Reviews in Mineralogy) with an impact factor
nearly the same as a high-priced journal (Contributions
to Mineralogy and Petrology; 1.F. = 2.225) has a much
lower negative slope than its counterpart.

How best to use such a compilation—if at all—is open
1o debate. A library committee might decide that lines
with high positive slopes, representing as they do both a
high price and a low impact factor, would implicate those
journals for cancellation. Alternatively, it might choose a
reference point on the right axis of (say) 4.00 or 3.00,
above which similar judgments would be rendered.
Whether individual authors submitting a paper for pub-
lication should take these data into consideration or not
is complicated by their personal needs for prestige (see
the Oxford English Dictionary for a definition!), fast pub-
lication, free reprints, and/or assured circulation to mem-
bers of their “invisible colleges.”

ACKNOWLEDGMENTS

I thank my department chairman, David A. Hewitt, for reducing my
teaching load this past year to facilitate both this study and the second
part of it on research funding (in preparation), At Virginia Polytechnic
Institute and State University, Alan E. Bayer, Head of the Department of
Sociology, Linda Zackrison, a geography student with extensive library
skills, and Marianne Stern, a geology post graduate, contributed ideas and
collected and processed data. Patricia Morris, our Geology Librarian, was
very accommodating, and numerous editors of journals, secretaries of
professional societies and employees of publishers (who shall remain
anonymous) replied to my persistent questions, including some their com-
panies would rather they had not answered.

REFERENCES CITED

Barschall, H.H. (1987) The cost of physics journals. Physics Today, 39,
34-36.

Bowker, K. (1987) Letter to the editor. Science, 238, 597.

Crane, D. (1972) Invisible colleges: Diffusion of knowledge in scientific
communities, 213 p., University of Chicago Press, Chicago.

Garfield, E. (1972) Citation analysis as a tool in journal evaluation. Sci-
ence, 178, 471-479.

(1983) Earth science journals: What they cite and what cites them.

Essays of an Information Scientist, no. 39, Philadelphia: Institute for

Scientific Information Press, 5, 791-800.

(1987) English spoken here. The Scientist, Philadelphia: Institute
for Scientific Information Press, 7 Sept. 1987, p.9.

Grove, T.L., Ferry, J.M., and Spear, F.S. (1983) Phase transitions and
decomposition relations in calcic plagioclase. American Mineralogist,
68, 41-59.

Hawkins, D.T. (1980) Crystallographic literature: A bibliometric and ci-
tation analysis. Acta Crystallographica, A36, 475-482.

Holden, C. (1987) Libraries stunned by journal price increases. Science,
237, 908.

National Science Board. (1986) Science Indicators: The 1985 Report.




RIBBE: PRESTIGE AND PRICE OF PROFESSIONAL PUBLICATIONS 463

Document 038-000-00563-4. U.S. Government Printing Office, Wash-
ington, D.C.

Pauling, L. (1980) The nature of silicon-oxygen bonds. American Min-
eralogist, 65, 321-323.

Peacor, D.R., Simmons, W.B., Ir., Essene, E.J., and Heinrich, E.-W. (1982)
New data on and discreditation of “texasite,” “albrittonite,” “cuproar-
tinite,” “cuprohydro-magnesite,” and “yttromicrolite,” with corrected
data on nickelbischofite, rowlandite, and yttrocrasite. American Min-
eralogist, 67, 156-169,

Statistical Abstracts. (1987) National data book and guide to sources,

statistical abstracts of the United States (107th edition). Table 1470, p.
839. U.S. Department of Commerce, Bureau of the Census, Washing-
ton, D.C.

Steele, .M., Hervig, R.L., Hutcheon, 1.D., and Smith, J.V. (1981) Ion
microprobe techniques and analyses of olivine and low-Ca pyroxene.
American Mineralogist, 66, 526-546.

MANUSCRIPT RECEIVED JANUARY 4, 1988
MANUSCRIPT ACCEPTED FEBRUARY 2, 1988



-sabed Buipasoons uo sanupuod | a|gel "ddy
‘Aaeaqy Aw up ("eru) sjgejieAe jou
SEM SjRJaUlpy AB1D puB SABID JO SWNIOA $8EL BYL 'SIUNCT [BNJOB U0 Paseq Spell 81am SUOI081I00 Jey} PUB JOuS Ul 81em senjea  HOr,, /108§
ay} Jey) saleolpul Jeak uanlb B JO) SWey 80IN0S JO Iaquinu ay) o} 1xau (,) ysuslse ue ‘siewnol swWos 104 “UoliEpUNO 82UAI0S [BUCHEN au) Ag
pauoddns aiem 1ey) sieded psuoddns Ajjeiapa) (2303 J0 Juaoled aul St ulNjoD 4SN IS1Y By Ul Jequinu wonoq ay | ‘sbuipesy jo suoneueldxa
puE S|ielep Joj 18} aes—Apnys siuy 1o} Aleoyioeds Pejs|ioo alem BIEP JaUl0 |, sHoday UoneyO [BwNor,, [0S au) woy aie (Aluo gg6L pue
66 1) |ewnol 8y 40 SeAllyEY puR ‘sexapu) ADBIpaLUL] 'SLUS) 80IN0S JO Siaquinu 'siojoey) 1oedwl ‘N > siesf |je Jo sieded 01 )y Jeak Ul SUOHEND 810N

6220 /L9 L84°0 Oy ‘9861 -¥861 ueaiy
682°0 0L L6L°0 6.€ ‘G861 -€861 ueapy
pddns |elo1 jo -- /9 v L RUELIEY]
12°] 43 € 0 0 L€ 02 4 I 0 0 04 144°1 881 €S L€ 9621 LES jelol
19 €€ 0 0 0 0 4 8 0 0 0 0 g8’y L91°0 PS GGS'0 86€ S € Vit 6v 9861
0oL O 0 0 0 o] 8 0 0 0 0 0 6'¢ 2610 €L G06'0 68¢ 4 t 8L} €L 5861
0S S¢ 14 0 0 0 4 I 3 0 0 0 62€°0 €L 106°0 cv¥y 9 14 8G| 99 861
LS 143 0 0 0 6¢ 14 3 0 0 ] 4 9veE'0 v9 S85°0 L0€ i L 191 €9 €861
19 0 0 0 0 €€ 4 0 0 1] 0 8 €6v'0 /L8 LL¥°0 6€ € € cee 98 2861
524 6 0 0 0 214 9 I 0 0 0 S 6€L°0 801L €/8°0 L6} ol €l 9ie 80¢ L8611
0S 0 0 0 0 0S € 0 0 0 0 4 90€°0 S8 0.5°0 2L L 9 161 98 086}
peuod |ped OLVN VSVN 30a 45N pedod |pe4 OLWN YSYN 300 4SN {s1K) xapu] swel J0IDBj SUuOl  SJOUINE sioyine sioyine sieded Jeap
~dnsun == %9 pevioddns sieded jo % -dnsun 5 %q penoddns sieded jo oN oM foelp eoinog ioedw| -BUO ‘S'N SN Yim  Jo "ON  jo "ON
% "ON jJeH -swuwj 1O "ON 0 "ON m._mnmm
JIDOTYHINIW 8P NLLITING 10} sishjeue Lioddns pue uoerd ‘q1 8ige) xpusddy
08S0 BYL ELLL ¥2EV ‘9861 -¥861L ueaiy
0850 2€IL ¥S6°L vacy ‘G861 -€861 uesiy
pddns jeio1 jo -- v9 65 69 ‘uesled
02 6l b 9 £ 3} 9¢€i €Vl § 134 se LLE S.6 evele S.icl 6.9 v9lZ 8.6 Jjeiol
8 ve 3 S S Ly e t€ I 9 L 19 0k< 6090 691 69S°L 6LFPY (323 6LL 0v 0L} 9861
€¢ St c 9 € 0S €¢ JA Y 4 L € 99 oK< ¥IS°0 9F} cL6'L c¢6ly 102 86 YEE Lyl G861
L ve 0 8 8 134 9l 92 0 8 8 97 L19°0 8<Cl 6.7t 00E¥ L61 26 962 8¢l v861
et 18 S I 0 0L i 143 } I [ €9 019’0 €cl oLl 621y ¥8i 98 S/¢ X4} €861
6¢ 61 0 14 9 t44 L2 02 0 14 9 *14 GIS0 O0Fl osv'lL 619¢ L8} 4] 062 8€l 2861
¥4 St I Ll 0 €S 8l 141 I 0l [} 0S 8020 Gcl v61L°L €9€E VAN L8 v9¢ [443 L1861
61 (4 0 L 3 €S 02 ie 0 L 3 98 LS€0 ¥Si voL'L Llice 06} SOt 66¢ [4:1} 0861
papod |ped OLYN VSYN 300 JSN  pouod |pad OLYN VYSYN 300 dJSN  (S1A) Xepul swel] JOIOBj SUO[  SIOYINE SIOYINE SIOyIne sjaded JEBA
-dnsun ¥ panioddns siaded o &,  -dnsun T Aq penioddns sieded jo ON o)l Aoep  edinog ioedw| -ewo 'S'N S'N UM JO 'ON 4o ON
% "ON jleH -sww] 10 'ON J0 "'ON w._maml

1SIDOTVHININ NYOIHIWY 10} sishreue poddns pue uonend el siget xipuaddy

L slge ul paist| sfeulnof ay) 1oy Blep Joddns [eppueuy pue ouzawolqig

‘| 319V XION3ddY



L8¥°0 SS v6e’L 929 ‘9861 -v86} uespy

98¥'0 95  ¥IE'L 18¥ 15861 €861  U®eW

pddns [ejo1 jo -- g9 ¥2 0¢ ‘lusdled

gk €L S t L 65 PL 9L 9 S 6 SL LYE gg8e  v0Z 901 8v8  2SE HGLT
¥ AN 0 gzl P9 L € 2 0 € 9k 9% 020 0% Zve’l 9¥Ss ¥ €2 9zl ¥S 9861
¥2 0L 0 0 0F LS ¥ 4 0 0 Z Zb  8°€ ¥IS0 6§ 029°'L 8¥S &Y L1 vt 6§ 5861
15 S} B L v 9 € € 0 4 b 64 6050 SS lge's vy  vE ve 62l  SS v861
8 0 Sk 8 0 69 1 0 4 3y 0 6 yEV'0 €S 182k Ly vE A1 LEL €S £861
sz 0 0 0 0 s. 2 0 0 0 0 9 1580 ¥ 080°L vee 9l 8 L0} R 2861
SLZL L8 9 st 2 € Z } 1 8 S6L°0 LY gee’L 662  S2 £l TN+ 1861
It e 0 L VL vE L S 0 1 4 S €620 LY €80°L LLZ 6} 6 56 eV 0861

peuod |ped OLVN VSYN 300 dSN  peuod (ped OLVYN VSYN 300 45N (S1A) xepul swel| Jojoej suol  sioyine sioujne sioyine sieded JesA
-dnsun == o penoddns sieded O % -dnsun== %q penoddns sieded jo oy oM Aoeip  eainog 1oedw| -BUO ‘S'N "S'N Yim  Jo 'ON o 'ON

% “ON jleH -swuwj 10 "ON JO "ON mhwam&
STVHININ 10 AHLSINTHO PUB SOISAHJ 10} SisAieue Loddns pue uopend 8| 8|qe] xipuaddy
910 98 €19°0 2001 19861 -¥861  UBB
¥02'0 28 829°0 800L 16861 -€861  Ueel
pddns |elo} jo -- gy LE 2zl ‘luedled
43 ze g 14 82 144 sz 1 2 € ee 929 /829 8€lL SL 622l 9€9 feloL
62 Z2€ 0 0 0 0¥ ¥ ¥ 0 0 ] S 86 6vL0 1OL LLZ0 090L 82 14" 022 €01 986l
0¥ 0L 0 0 oL o¥ 14 L 0 0 ! 14 0l< 0020 S/ 65%°0 0€6 02 oL ySt -7 5864
ot IS O 9L 0 9l 1 L 0 2 0 4 EvL'0 €8 2990 0€0L 22 oL 551 ¥8 y861L
T4 e L 0 0 L2 4 ¥ ! 0 0 4 0.2'0 68 ¥92°0 €90+ Pl 8 LLL 16 €861
x4 S 0 0 0 9l € L 0 0 0 z 022°0 8L GE£9°0 Lv8 02 Ll SSL 6LL 2861
L2 8 0 ] 9L 8% € 1 0 0 z 9 0L €2 S/v°0 099 8l iz 861 72 1861
¥9 gL 0 0 0 8l L ! 0 0 0 ! 8EL'0 /8 LPS'0 €04 9t Lt 991 98 0861

psuod |pe4 OLYN VSYN 300 4SN peuod |ped OLYN VSYN =00 4SN  (SJA) xepul swall J0JoB} suol  sioyine sJoyine sioyine sieded JIesp
-dnsun ~fq pepoddns siaded jo 9, -dnsun TT fq pepoddns sieded jo oy o4 Aoeip  eanog loedw| -elO 'S'N 'S'N Yum jo "ON JO 'ON
% "ON jeH -swuw| jo'oN jo'oN sieded

INIZVOVI TYHDOTYHINIW 10} sisjeue poddns pue uoiienn “pi ejqel xipueddy

9220 v. 8¥. 0 99/ 1986} -¥B6L  UESp

§52'0 ¥9 viLL 22L 16864 -€861  ueepy

p.ddns |elo1 jo -- ¢ 44 T4 ‘Juedled

o 22 2 z z L8 SE se 2 £ 4 Ly 9s¥ 6862 €2 9L ¥90L  IS¥ ‘[eloL
v 02 0 S S 92 L 14 0 b 1 S 1'L 68E'0 «9L L7870 228 9¢ gl gLy 9L 9861
82 82 0 0 0 44 L l 0 0 0 L L9 89L°0 LL 2650 969 £9 LT .81 b S861
6  ¥2 0 9 0 LE L 12 0 L 0 ] 0220 vL 1180 08.  ¥E 8l SLL vl ¥861
0z o€ OF O 0 ov 4 € 1 0 0 v 92e'0 9f 6LL°C 169 L1 oL 60L ¥ £861
9 L0 9 0 2L ! € 0 ! 0 gl = 0s - - 92 9L 801 0% 286}
W 2e 0 0 S £2 L L 0 0 L S = 122 - - 62 Ll s9L ¥2 1861
62 v 9 0 0 v2 14 L L 0 0 ¥ - 59 - - 92 4 14! 59 086}

peiiod ped OLVYN WSYN J00 JSN  penod [pe] OLVN VSVN 300 JSN  (SJA) Xepu] swell 1010ej SUOj  sJOUINg sJoyine sioqine sieded Jesj
-dnsun =g pepoddns sieded jo 5, -dnsun g pepioddns sieded jo o ol  Adelp  eanog joedw| -BWO  "STN 'STM UM JO ON Jo 'ON
% ‘ON HeH -eww| jJo'oN Jo'ON siaded

LSIDOTHININ NVIGYNYD 10} sisAleue poddns pue uojeud 0} ajqe) xipusddy




0520 S2 SS6°0 ¥L ‘9861 -vB6L ueaiy
& o - - ‘G861 -€861 ueey

pddns (eiol jo -- €8 2L sl uesled
0 c 8 0 8 € 0 6 L o L ol #6 gvlL €2 21 81 S ‘ejo
0 o 0 o o0z 08 0 0o o o° L ¥ 910 ¥Z  099°0 18 L S L vZ 986l
0 0 0 0 0 00L 0 o o o o0 2 £€E°0 492  0STh 19 L 4 2§ 92 S8l
0 o 0 o0 0 00L O o o o o0 2 = ve - = S 2 v sz V86l
0 0 e 0 0 9 0 o + o 0o 2 = 0z - = v £ gv 02 €86}
- e == - T T - 0 - 0 0 0 0 0 z861
= - - - - - - = e e - 0 - 0 0 0 0 0 1861
. = =mOB B = & B o s e = e 0 i 0 0 0 0 0 0861

peuod |ped OLYN VSYN 300 JSN  pelod |ped OLYN VSYN 300 JSN_ (SiA) Xepul sidiel] J010E} SUON  SIOUINE SIOUINE SIOYINE Siaded  Ies)
-dnsun == g penoddns sieded jo % -dnsun = Xq penoddns siaded jo oy oM  Aoeip  eainog oedw| -elo ‘S’ "S'N Ym JO'ON  jO "ON

% ‘ON el -sww| Jo'oN Jo'oN sisded

ADOTOTO IIHJHOWYLIN J0 TYNHNOI 10} SisAjeue poddns pue uoned YL aiqet xipuaddy

1670 9L G62'T O0SLV ‘9864 -¥86L  UEAN

92¥’0 2ZI ST Sevy 1G861L €861  uesp

pddns jeio1 jo -- 8L S€ ov :jusoled

22 9 0 8 £ 19 18 22 1 2¢ €L 9se 9€6 vre8e veL  viE ¥80Z 0€6 ‘[eloL
oL 2k 0 gL 1 €9 L oL o [N S €6 €L 8550 L¥lL 809°C €SS PEL 89 sye  9ovL 986l
T 4 0 4 ¥ 29 oL 2 ] 4 4 82 0L €S¥0 90L S86°L 02S¥ SL or g¥2 904  S861
02 ¢ 0 € ] 69 4" 4 0 4 € cr 6.V°0 ¥SL €622 LISV 82) 65 e Skl v86l
€2 8 0 oL ¥ SS ¥t ¥ 0 ] 4 82 9b€'0 LOL 96€°C 8LI¥ €6 Ly Z252 801 €86l
€l z 0 4 9 v, 9 ! 0 t4 € S€ ¥22'0 SLL 826 6¥SE /8 St 092  GHL  Zssl
zz 0L 0 9 0 €9 1t S 0 £ 0 £e 1610 SEL  LSL'Z 0ZEE €6 0S §82  GEL 186l
£ ¥ ! 6 S 9¥ ve £ ! L 4 9¢ 082'0 2LL 902 LVOE vEl 59 G5¢  SZ1 086l

peuod |ped OLYN VSYN 300 JSN  Peuod [ped OLYN VSVYN 300 JSN  (siA) Xxepuj SWel J0joEj SUON  SIOYINE sSIiouine siouine sisded Jeep
-dnsun =" fq pauoddns sisded [0 9, -dnsun T g pepoddns sieded jo oN oM foep eainog oedw| -eud 'S'N 'S’ Yum Jo "ON J0 ‘'ON

% ‘ON JleH -ewuw) JO'ON Jo'oN sleded
ADOTOHLId Pue ADOTYHINIW 0} SNOLLNEIHINOD 10} siskjeue poddns pue uoyen) 61 siqel xipueddy
€0L°0 6€F 298°¢c 0€8€ :9861 -¥861 ueeiy
8650 9V 98.°C 96.¢% 15861 -€861} uesiy
pddns |10l Jo -- 22 8l 18 :Juedled
6l 143 0 £ S 8BS SE 115 I L 1% 44} 6EE 89¢S¢ €S€ 3:]} 314 vee ‘el
jAwo  steded  ,ABojo ned, uonne)
ov 0 0 6 0 %] 14 0 0 3 0 9 ol< [9.°0 0F 6G8°L GElE €2 ol 68 9l 9861
14} 8 0 0 8 0L € c 0 [ 14 LY ol< 988°0 &€ €6.C 6¥.E 0S 44 89 6¢ G864
62 9l 0 S S 144 v € 0 3 3 8 92e’0 €v €90t 066€ G2 i [4 91 864
LE L 2 2 L 0L 4 € I 3 € g L68°0 6€ 0€.°2¢ 1SLE L9 LE 68 144 €861
X4 (114 0 € 0 GS 9 L 0 3 0 61 150 9§ 99S'c Lb9E L¥ 8c 19 8¢ c861
9l 1% 0 0 14 29 14 S 0 0 b Ll €48°0 SS 8¥6°L SviE 9V S¢ IS 8¢ L1861
44 61 0 9 9 Ly ol ot 0 € € Ge G9/.°0 I8 62.¢ 1S¢E S6 14 Ll 3] 0861

peuod |ped OLYN ¥SYN 300 4SN  peuod |péd OLYN VSYN 300 dISN (sJA) xepu] swel J1ojoe} sUOl  SIOYINE sloyine sioyine sieded Jesp
-dnsun g peuoddns sieded jo 5, -dnsun *fg pepoddns sieded jo oy oMl Aoelp eainog edw| -eio 'S'N 'S’ WM JO'ON  Jo 'ON
% “ON el -swuwy J0'ON Jo'oN sieded

JON3TIOS J0 TYNHNOr NYIIHINWY 10} siskjeue yoddns pue uofieyd 'J1 8|qeL xipusddy




9220 ¢¢ 8190 LSi ‘9861 -v861 uespy

¥8L'0 92 9z¥’'0 €S1 16861 -£861  ueel

pddns |eio1 jo -- 9% [ 8 Juedsed

6 L2 0 0 €€ v S 2 0 0 9 VLl ¥26 02 12} 198  9/L fe10)
(| 0 0 0 0 00L 0O 0 0 0 0 ! 1’9 0S20 02 8€9°0 LS1 4 1 6¢ 02 9861
0 0S 05 0 0 0 0 4 4 0 0 0 €8 1320 22 ¥iv°0 8Si € 4 8¢ 22 5861
0 0 0 0 0 00L 0 0 0 0 0 2z 0020 S¢ b0 191 € 4 19 T4 ¥861
2 S2 o0 0 0 0S 1 fy 0 0 0 2 5210 2¢ ¥9€°0 vl S 14 18 2€ €861
0 00L 0 0 0 0 0 i 0 0 0 0 0610 L2 €10 98 ! I ¥S 62 2861
€€ €€ 0 0 0 €€ i ! 0 0 0 1 9€0'0 82 5620 SOl € € LS 82 1861
002 0 0 0 0 0 4 0 0 0 0 0 0000 02 192°0 22 € 1 x> 02 0861

peuod |pej OLYN VSYN 300 JSN  peHod Lped OLVN VSVN JO0 JSN  (SJA) Xopu] swel J0JoE) SUOR  sioyine sioyine sioyine sisded Jesp
-dnsun == g pelioddns sieded jo %  -9Nsun g pepoddns sieded jo o o4l A%elp eanog pedw| -ei> SN SN YWM JoON Jo ‘ON

% ‘ON JeH -sww| Jo'oN Jo'oN sieded

ADOTOH13d Pue ADOTYHINIW 10} sisAjeue poddns pue uofepd 1 ajqel xpusddy

vO¥0 €e 951k 98y 19861 -vB6L  UBSW

520 V2 886°0 Siv 1686 -€86L  UEe

pddns |ejo) jo -- g9 £l el usoIad

95 8 € £ £ B2 Sl € L I L ol 08} LI0E L¥ 12 9se 18l ‘feloL
L0 ¥L 0 0 69 ! 0 1 0 0 [ 2L E8L0 €2  19%°L 6L 0Ol 9 6t £z 9861
0oL 0 0 0 0 0 2z 0 0 0 0 0 SL G600 12 000°L 98¢ S z Sp 12 5861
EE 0 0 (] 0 L9 ! 0 0 0 0 2 EEE0 ¥#2 000} 26% € € 55 ¥z 7861
LS iz 0 L L L ¥ € 0 I 1 1 EEE0 L2 £96°0 B¥¥  El L IS 12 €861
0oL 0 0 0 0 0 z 0 0 0 0 0 982’0 82 g62’L s2¥ € 2 6¥ 82 za6l
0s o 0 0 0 0s 2 0 0 0 0 2 2610 92 SEF'L S6E 0L ¥ oy 92 1861
0oL 0 0 0 0 0 £ 0 0 0 0 0 922’0 1€ E6L°L 2ZSE € € 19 28 0861

pauod |ped OLVYN VSYN 300 4SN  peuod |ped OLYN VSYN 300 4SN  (sif] xepul swel Jojoe} suol  sioyine sioyine sioyine sieded les)
-dnsun " Xq pepoddns sieded jo %, -dnsunTT fq pepoddns sieded jo oy ©odl  Adelp  eainog loedw)  -eip ‘SN SN Yum JooN o ON

% ‘ON JeH -alwy J0ON  JooN  sieded
SOHLIT J0} sisheue uoddns pue uoger {1 sige . xpuaddy
¥.8°0 6E 8el'e Li8l ‘9861 -vE6L ueap
0880 € 805°¢ L89} 15861 -£861 uespy
pddns |eio1 jo -- g8 e B6E ‘lusdisg
43 8 3 3 S eL oL L 3 I ¥ ¥9 oozg 22ELL ¥EL 8 ey ke Jelo)
S 0 0 0 S 06 2 0 0 0 2 81 6'8 6080 L¥ 002’v 1961 2P [ ait 95 9861
9t 6 S 0 0 0L £ 4 ! 0 0 St §'6 vel0 (Le 8LG'E 9vLL 62 61 8L LE s86l
L a9t 0 S g 29 i € 0 I I 2l 0EO0’L EE Sov'e SelLlL 92 St L E€ v86l
ot 8k 0 0 6 €9 I [ 0 0 I L 9¢8’0 €2 L¥S°E 1651 L) ol 08 €2 E861
g€ 0 0 0 0 48 [ 0 0 0 0 v 005’0 02 Sc8'e E0SL L 9 L€ 0z 2861
0 0 0 0 0e og 0 0 0 0 I v v62'0 Ll EIE'E BYEL 9 v L€ L1 LB6L
£€ 0 0 0 0 49 [4 0 0 0 0 v 192’0 €2 rrO'vr Bv¥lL L 9 L4 se 0861

penod |ped OLYN VSYN 00 JSN  peuod [ped OLYN VSVN 30U JSN_ (SIA) Xepul SWel J0joE] Suol  SIOYINE SIOYINE SIOYINE sieded JeeA
-dnsun g penoddns sieded jo 9,  -dnsun =i panioddns sieded jo oy oM Adep  eanos oedw| -elp ‘SN "S'N Yum JO 'ON 1O ON
% ‘ON JleH -eww| JO'ON Jo'OoN siaded

ADOTIOHL3d J0 TYNHNOr 10} Sisfeue poddns pue uoiend 1 8jqe xpuaddy




0lc0 9¢€ 7950 BOE 986} -786F  UEB\
G510 SE €2.°0 €62 16861 -€861  ueepy
pddns |ejo1 Jo -- 69 el 1 RUCEIEN
[A4 €t 0 S € 8€ Vi S 0 c I St t4%4 €esl LL [ S6S vee ‘jejol
SL 0 0 14 0 0 9 c 0 0 L9 LL20 4bE 0960 0P€ %4 8 col 14 9861
€€ 0 0 0 0 L9 2 14 L9 6820 9¢ 8/¥'0 .82 V14 9 801 9€ G861
€€ 0 0 0 0 19 l 4 ¥SL°0 6€ GS9°0 962 8 € €8 8¢ 861
L9 0 0 0 0 €€ 4 I £€50°0 0€ GE0'L G6¢ 14 € 08 1€ €861
0 0¢ 0 0 [+14 09 0 8 8 € LLE'O 82 €2L°0 SEc 9 € cl 62 2861
0 Ge 0 0 o SL 0 3 € v0'0 62 ¥16°0 €02 4 € 19 ot 1861
{54 e 0 0 o] [ %4 € € 4 €v1I'0 9¢ €LP°0 LLL vl /A €8 9¢€ 0861}
pauod |(ped OLVN VSYN 300 JSN  peuwod |pad OLVN VSYN 300 dJSN_ (SIA) xepul  swen 1010B) sSuol  sloyine sioyine sioyine sisded Jeep
-dnsun " fa penoddns sieded jo 9, -dnsun T Aq pepoddns sieded Jo o O  Adelp  eanog wpedw| eI SN S'N UMM jO ON  Jo "ON
% ‘ON lleH -swuw| 10 ‘'ON 10 "ON w‘_Qan._
TYNENOr TYINIHOOID 10} sisAjeue yoddns pue uoitey) ‘ul sige | xipuaddy
9620 ¥} 2Ll6’0 Selt ‘9861 -¥861 uesiy
1820 St} €90°L L¥OlL :G861 -£861 uesaiy
pddns |ei0} jo -- gF 12 2 :uadied
£ 2z 0 e (1% 62 6S S 0 14 Ll 0S tEL SPS9 S/€ 08t L8l c9L ‘el
8€ e V] c ol 9¢ Gt ol 3 14 1! L9  LPE'0 «BSI 1280 8egl 9. ov 26¢ 86t 9861
0 (4 0 S S LE 4 9 I 3 2% 89 ISL'0 ¢LIt ¥9.°0 S801 c8 S€ S.E 9G1L G861
v 6l 0 4 ol £e Ly ] 3 S Ll S22°0 L yriL 1S0L 92 LE 9l€ LEI 861
(3 6¢ 0 0 L 6¢ S S 4 S 9820 €9 082°L 886 i€ 9l cle 98 €861
L )4 0 0 LE St I 9 14 c 02v'0 69 680°L Si8 €€ vi St 69 2861
134 vi 0 0 S 8g 6 € 3 8 Lv2'0 I8 4260 1€L 9% ¥4 1413 6L 1861
62 €€ 0 S 0 €€ S 9 3 9 S6L°0 LL 068°0 /€9 L€ Ll 181 Ll 0861
peuod |ped OLVN WSYN 300 dJSN  peuod |ped OLYN VYSYN 300 dJSN  (S1A) Xepu]  sWell 10108) SUO)  SIOYINE SiOyine sioyine siaded JesA
-dnsun =g peyoddns sisded Jo % -dNSUn *=fg pepoddns sieded jo oy il Aoep  eoinog edw| -ewo ‘SN 'S'™N Ym0 ON Jo "ON
% "ON JleH -awuwi| Jo'oN Jo'oN siadedq
ADOTOTD TYOINIHD 10} sishjeue poddns pue uoleyd “wy ejqe xipuaddy
¥08°0 9EC lgg’'e olee ‘9861 -¥861 uesiy
L1250 See y66°'¢ ceee ‘G861 -£861 uespy
pddns [eiol jo -- g 09 ag [uBded
e i 5] L I ok 6C SEl ¥0L 64 ve el ISt LESL 9L¢¥S 6822 E66 L6LE L0S1 JEioL
g 6 ] ol Eg b 6E 9l 1 61 £V 0 gL gL erL0 BkE 020°'E 9966 06 Ll 069 ove 2861
£ ri 8 S ¥l kL oY ¥4 L 6 Sg 02 €8 8'0 9650 €ge 2852 9i¥8 6B¥E iyl S Lie 5861
] Si £ L 18 oL F4 4 ve £l gl gt Ll €L Siv'0 BET 88’2 8+¥08 SLE 651 869 EES 861
k 2l €l g 8l LE 84 St e 6 62 Lk a9 t6¥'0 PviE 0¥S°E EESE E62 A 605 902 €861
¥ oL ek L 9z Zh ES i 61 gl E¥ 61 3] 6LL°0 Yeo €90'e 95tz EDE BEIL 025 6le 2861
0 St 9 8 14 8 BE 0z ok ¢l 6€ el 09 06%'0 ¥02 0L9'2 ¥S29 862 SEL 65% coe (8:1-1%
4 [ 9 14 2z LE Se Se 8 S 0g St i BES'0 981 980°E EOL9 (§:14 all (V44 el o086t
Jddd  pewod |pad OLVN VSYN 200 SN penod |ped OLVN VSVN JOd 45N (SJA) Xepu] swel] J010B] SUORh  SIOQINE SIOWNE sIoUIne sieded  Jeaj
Jo "oN -dnsun —=fasaToddns sieded j0 9 “4NSUNT I penioddns siaded jo o oMl Aomp eomog loedw| B0 'STL ST YWm JOON JOON
% o HeH -swwy jooN ooy sladed

V.LOV VOINIHOOWSOO 18 YOINIHO03D 10} sishfeu uoddns pue uonesd It siqel xipusddy



veL'0 OF LSP°0 LBZ -9861 -veEl ueapy

v91L'0 ¥ L1650 162 ‘G861 -€861 uesiy

U.anw |eio} jo --Q S L Ju8dled
9% 61 L 3% v 0 0l S € € 3 0 89¢ 00} 6¢ gl 6¥S 892 Jejol
00L 0 0 0 0 0 [ 0 0 0 0 0 '8 ¥81°0 8E §6€°0 9S¢ € 4 L8 8¢ 9861
19 €€ 0 0 0 0 4 3 0 0 0 0 6’9 8600 I¥ 019°0 S8¢ S € 9L 34 5861
0 o0L 0 0 0 0 0 3 0 0 0 0 00€'0 OV G9E'0 lce € 3 8L 6¢ a6l
0 € €€ €€ 0 0 0 3 3 3 0 0 S60°0 ¢v L6810 [92 S € 86 44 €861
€8 0 0 0 Ll 0 S 0 0 0 l 0 €900 ¢¢€ LPS’0 LE€C 6 9 09 (43 4:1:14
00l O 0 0 0 0 3 0 0 0 0 0 291’0 LE 8¥e’0 8/L1 3 3 LL 8¢ 1861
0 £€ €€ €EE 0 0 0 4 4 4 0 0 €500 8€ £09°0 9G4 € 4 €L 8¢ 0861

pauod |ped OLYN VSYN 300 4SSN peuod |ped OLVN WSYN 300 4SN  (siA} xeput  swel| Joioe} Suop  sioyine sioyine SIOyInE siaded  JeSA
-dnsun = fq peuoddns sieded jo % -dnsun T fg pewoddns sieded jo oN el Adep ednog joedw| -EIP ‘SN SN WM JO 'ON  JO "ON
% ‘ON JeH -eww| j0'ON Jo 'ON sieded

"V.LISOdIa WNITvHINIW 10} siskieue boddns pue uoneyd by eigel xipueddy

BSE'D 8L SL0'L 18LE -986L -¥861 ueaiy
162'0 29 S¥6°0 SSOL ‘G861 -€861 uesiy
pddns |eio1 jo -- gg 14 (44 BUELIER]
(1% 9 gt 14 2 9 92 2ol 84 8 14 Vi 29 69% 9v89 €SP 02e 086 96V ‘felo)
4 1] 31 0 4 0 €€ (8> 9 0 1 0 -2 t'8 €0v'0 L& 2ol 682F 811 LS cle c6 9861
€ 12°) L 0 4 L [+14 F x4 € 0 8 € 6 98 v6L°0 €L 0v¥6°'0 9.01 88 v oglt 8L §861
eu - - - - - - BU BU ®BU ®BU ®BU ®BU 8/v'0 L9 ¥80°L 6LLL eu eu eu /g ¥861
1 9c L2 € € 9l Se 8 oL 3 ! 9 6 0020 09 1180 606 e [ 291 99 £861
4 6¢ IE 0 € € se i3 ot 0 ! 1 8 €2€°0 59 S€8°0 S€EB 8s e Svi S9 2861
c v 6¢ 0 0 9 €c vl ol 0 0 4 8 cre'o 29 veL'0 8LL 99 €e LEL €9 1861
0 8¢ 2 0 0 L 8y ol < 4] 0 [ Vi S81L°0 S9 ¥20°l 0%8 6% 92 6E | S9 0861

JHd peuod (pad OLVN VSYN 300 45N peuod |pad OLVN WSYN 300 JSN - (s1A) xepur  sway Jojoe] suol  siolne SIGOME  SIoqINe siaded  JEaA
jo "oN -dnsun == Tq peuoddns sieded jo % -dnsun = fq peuoddns sieded jo oN 9 foelp eoinog 1oedw| -ewo 'S'N 'S'N Ydm  Jo 'oN  jo 'ON
Yo "ON JeH -aww| J0 "ON jo'oN siladed

STVHININ AVID PUB SAYTD 10} SisAeue uoddns pue uonend “di sigel xipueddy

L8220 8BS EOD'L 6%F ‘986 } -vB6l usey

Svc0 IS 8/8°0 €6¢€ :G861 -£861 uesy

pddns |eiol jo -- 0§ v 9 \Jusdled

vL € L 0 € 48 143 9 [ 0 3 14 8EE 8€se  IE 61 vig 6€E lelot
L2 0 ol 0 [ ol S 0 3 0 3 I 0’9 8120 449 8L0°L 2Ly el L 5145 9 9861
00L 0O 0 0 o] 0 e o] 0 0 0 0 69 6120 gV G98°0 LEV € 4 00} [44 G861
L9 Ll L 0 0 Y 4 I I 0 0 9 ¥9€’'0 89 9L L PYP 14 € 0L} 89 861
00L 0 0 0 4] 0 € 0 0 0 0 0 ¢SL'0 EV 2¥9'0 Vo€ 9 € 6L1 134 €861
00F O o] 0 0 0 3 0 0 0 0 0 0520 ¥ 0¥.’'0 60¢€ c I 16 Sy 286}
0 0 0 0 0 oot 0 0 ] 0 0 I 6810 L€ Liy'0 962 I b S6 LE 1861
0S 0 0 0 0 0S I 0 [o] 0 0 3 Siv'0 0% £29°0 2zt z % 06 ov 0861
peuod |pad OLYN VSYN 3JOd 4SN peuwod |ped OLYN WSYN 300 d4SN [siA} xepu| swe) JOlOB} SUON  Sioyine sioyine sioyine siaded Jes)

-dnsun == fg pspoddns sisded o 9,  -dnsun T fq pancddns sieded jo oy oM Aoelp  ednog 1edw| -elo ‘SN 'S'N Ym  JO 'ON  Jo 'ON
% "oN jleH -eww| jo'oN Jo'oN sieded

STVYHININ AVTO 10} sishfeue poddns pue uonend "ol ajqel xipusddy




