
code is used whenever a paper contains more than 20 refer-
ences. The following is an example of how this code may aid
certain types of searches.

In response to a recent inquiry, we undertook a search for
books or papers in which the state of the art in various fields
of antarctic research is reviewed. Since such review papers
invariably contain extensive bibliographies, the bibliography
code was queried to reduce the number of items to be scanned.
From this group of publications featuring substantial bibli-
ographies, the ones qualifying as "review papers" were then
selected. The search was limited to the last 3-4 years. As a
matter of general interest, the papers selected are listed in the
table.

The listing seems to indicate that the greatest number'of
comprehensive reviews were written with a practical rather
than a pure research outlook; many scientific disciplines
(oceanography, atmosphere physics, several branches of the
earth sciences, etc.) have been neglected.

Whether or not there is a need for comprehensive review
papers in any field must, of course, ultimately be determined
by the specialists working in that field, or by those willing to
sponsor such studies.

In the meantime, the Cold Regions Bibliography Project,
through timely coverage of the literature, will continue to
provide a current review of progress in antarctic research
throughout the world. The National Science Foundation sup-
ports the project through an interagency agreement CA-30.

Recent books and papers in which the state of the art in various fields of antarctic research is reviewed

General
Washburn, A. L., FOCUS ON POLAR RESEARCH. Science, Aug. 8,

1980 209(4457), p. 643-652. (For abstract see Ant. Bibliog. [12] A-
23763).

Biology
Lindsay, D. C., LICHENS OF COLD DESERTS. Lichen ecology, edited

by M. R. D. Seaward, London, Academic Press, 1977, p. 183-209.
(10B-21177).

Bradford, J . M., SEA ICE ORGANISMS AND THEIR IMPORTANCE
TO THE ANTARCTIC ECOSYSTEM (REVIEW). New Zealand ant-
arctic record, 1978 1(2), p. 43-50. (1B-20878).

Earth Sciences
Kohnen, H., EARTH SCIENCE INVESTIGATIONS ON THE SIXTH

CONTINENT. (Ober die geowissenschaftlichen Forschungen auf
dem sechsten Kontinent). Erde, 1978 109(2), p. 153-187. (10E-20865).

Glaciology
Radok, U., CLIMATIC ROLES OF ICE: A CONTRIBUTION TO THE

INTERNATIONAL HYDROLOGICAL PROGRAMME (IHP). Inter-
national Association of Hydrological Sciences. Bulletin, Sep. 1978
23(3), p. 333-354. (10E-21282).

Drewry, D., ICE-SHEET GLACIOLOGY. Progress in physical geog-
raphy, Sep. 1979 3(3), p. 313-328. (11F-23251).

Klokov, V. D., MELTING AND SURFACE RUNOFF FROM THE ANT-
ARCTIC ICE SHEET. (Taianie i zhidkii stok s poverkhnosti ledni-
kovogo pokrova antarktidy). Leningrad, Gidrometeoizdat, 1979,
128p. (11F-23251).

Medicine
Matusov, A. L., LIVING CONDITIONS AND HEALTH OF POLAR

EXPEDITION MEMBERS. (Usloviia zhizni i sostoianie zdorov'ia
uchastnikov poliarnykh ekspeditsii). Leningrad, Gidrometeoizdat,
1979, 232p. ([121 H-24591).

Meteorology
Shaw, G. E., CONSIDERATIONS ON THE ORIGIN AND PROPER-

TIES OF THE ANTARCTIC AEROSOL. Reviews of geophysics and
space physics, Nov. 1979 17(8), p. 1983-1998. (111-22950).

Voskresenskii, A. I., METEOROLOGICAL PROBLEMS OF THE
SOUTHERN OCEAN. (Meteorologicheskie problemy IUzhnogo
okeana). Sovetskaia antarkticheskaia ekspeditsiia. Informatsionnyi
biulleten', 1978 No. 98, p. 5-15. (101-20718).

Polar Group, Baker, D. J . , Radok, U., Weller, G., POLAR ATMO-
SPHERE-ICE-OCEAN PROCESSES: A REVIEW OF POLAR PROB-
LEMS IN CLIMATE RESEARCH. Reviews of geophysics and space
physics, May 1980 18(2), p. 525-543. (111-23449).

Resources, Exploitation
Lundquist, T. H., ICEBERG COMETH?: INTERNATIONAL LAW

RELATING TO ANTARCTIC ICEBERG EXPLOITATION. Natural
resources journal, Jan. 1977 17(1), p. 1-41. (11M-21971).

Auburn, F. M., OFFSHORE OIL AND GAS IN ANTARCTICA. Ger-
man yearbook of international law, 1977 Vol.20, 173p. (10M-21266).

Mitchell, B., Sandbrook, R., MANAGEMENT OF THE SOUTHERN
OCEAN. Washington, Internatl. Inst. for Environment and Devel-
opment, 1980, 162p. (11J-23750).

McWhinnie, M. A., Denys, C. J . , ANTARCTIC MARINE LIVING
RESOURCES WITH SPECIAL REFERENCE TO KRILL EUPHAUSIA
SUPERBA: ASSESSMENT OF ADEQUACY OF PRESENT KNOWL-
EDGE. Dec. 1978, 209p., Report submitted to the National Science
Foundation. (10B-21492).

National Research Council. Marine Board. Assembly of Engineering,
ENGINEERING AT THE ENDS OF THE EARTH; POLAR OCEAN
TECHNOLOGY FOR THE 1980'S. Washington, D.C., National
Academy of Sciences, 1979, 74p. (11G-22391).

Weeks, W. F., ICEBERG WATER: AN ASSESSMENT. Annals of gla-
ciology, 1980 Vol. 1, p. 5-10. ([12] F-24465).

Citation analysis of antarctic
research

SUSAN E. COZZENS

Institute for Scientific Information
University City Science Center

Philadelphia, Pennsylvania 19104

One indication of the impact of antarctic research is the
extent to which published reports of antarctic data are cited in

the literature of their fields. An analysis of this sort of impact
is currently underway. The project uses two unique, machine-
readable databases, the Antarctic Bibliography and the Science
Citation Index. The overlap between these databases has been
identified as a starting point for the citation analysis: that is,
all articles that were included in the Antarctic Bibliography were
covered in the Source Index of the Science Citation Index, and
were also cited at least once between 1961 and 1978 have been
identified. A total of 2,942 articles fall into this set.

In addition to other forms of analysis, the qualitative impact
of these antarctic publications is being traced. Comparison
with the Institute for Scientific Information's (151's) existing
data on the research fronts of science reveals that antarctic
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research in atmospheric and geological sciences played a cru-
cial role through the 1970's in two exciting lines of inquiry,
plate tectonics and atmospheric processes. ISI's research
department has studied these two areas of rapid scientific
growth through a technique called co-citation clustering (Small
and Griffith 1974). This technique indicates that a number of
antarctic articles were among the core documents defining
intellectual change in those areas.

A co-citation cluster is a group of frequently cited documents
that often appear together in the bibliographies of later doc-
uments. These sets of documents have been found to be
strongly associated with the appearance and development of
scientific problem areas. The cited documents themselves fre-
quently represent concepts that are being used heavily by
scientists at an active research front. The list of papers that cite
the clustered documents includes many articles from that
research front, as well as reviews.

For a number of years, the research department at Isi has
been identifying co-citation clusters from the annual file of the
Science Citation Index (sd ®), using an algorithm developed by
Henry Small. First, a list of all articles cited above a threshold
number of times in the annual Sd ® is prepared. Next, the
number of times these frequently cited articles appear in the
same reference list is calculated. This is the raw co-citation
count; it indicates a subject relationship established by the
citing author between the two cited documents. In ISI's algo-
rithm, the raw co-citation count is normalized. Without this
step, widely cited methodological works would tie together
nearly all of science. After normalization, co-citation ties that
meet a threshold value are used as input to a single-link clus-
tering algorithm. On a typical yearly file, this clustering pro-
duces about 2,000 sets of influential scientific articles, ranging
in size from 2 to 150 documents. (For a review of the technique,
see Garfield 1980a, 1980b.)

Since the clusters consist of older papers, there can be over-
lap between one year and another in the documents included.
The carryover in cited documents has been used as a measure
of continuity in the problem areas the clusters identify (Small
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Figure 1. Magnetospheric Plasma 1976—Cited documents with
co-citation links. (See table for list of documents.) Heppner 72b
(upper left) appeared in the Antarctic Bibliography.

S

KEYWORDS

P polar

M plasma
S	sbtrm

PM

M M:^

SM

M_^'^

Figure 2. Magnetospheric Plasma 1976—Keyword analysis of
cited documents. The subregions of the cluster have been iden-
tified by the appearance of keywords in the titles of the cited
documents. Three subregions can be seen: a plasma group (M)
running from lower left to middle right; a substorm group (S),
Including the Heppner paper, on the left; and a polar region group
(P) in the upper right. The position of the Heppner paper appears
anomalous, since it is linked through co-citations to the polar
subregion but through keywords to the substorm group.
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Figure 3. Magnetospheric Plasma 1976—Keyword analysis of cit-
ing documents. The 1976 papers that cited the documents mapped
in figure 1 are arranged in the same space as the papers they
cited. This figure reveals the source of the Heppner anomaly seen
In figure 2. A concentration of researchers interested in polar
problems appears in the upper left-hand corner because these
researchers cited both Heppner papers and none of the others.
One paper (starred, far left) cited both the Heppner piece (1972b)
and the substorm group, and another (starred, central) cited both
Heppner (1972b) and the plasma group. Heppner's work thus rep-
resents an essential link between the polar work and the other
foci of interest represented in the map. Rosenbauer's paper plays
a similar role.
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1977). Using this measure, isi has created cluster time-series
(Coward 1980). Only a small percentage of the series that have
been produced using the last decade's data are more than a
few years long. Both the plate tectonics work and research on
magnetospheric processes are among that small percentage.

Figures 1 through 3 present data for one of the clusters from
the magnetospheric processes series in which antarctic
research was influential (magnetospheric plasma); the citing
documents were published in 1976 (see table). The maps were
created through a technique called centroid scaling (Noma in
preparation), which creates a spatial representation of papers
according to the strength of their citation links.

The citation analysis project will produce a set of special co-
citation clusters focused on antarctic publications, in addition
to citation comparisons at the aggregate level. Researchers
interested in more information on the results of the project
should contact me.

This research was supported in part by National Science
Foundation grant DPP 79-24011. I would like to thank Elliot
Noma of the Institute for Scientific Information for the centroid
maps.
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Antarctic Research Series

JUDY C. H0L0vIAK

American Geophysical Union
Washington, D.C. 20009

The Board of Associate Editors for the Antarctic Research
Series recently drafted the following statement of objectives:

The Antarctic Research Series, an outgrowth of research
done in the Antarctic during the International Geophysical
Year, was begun early in 1963, with a grant from the National
Science Foundation to AGU [American Geophysical Union]. It
is a book series designed to serve scientists and graduate
students actively engaged in Antarctic or closely-related
research, and others versed in the biological or physical sci-
ences. It provides a continuing, authoritative medium for the
presentation of extensive and detailed scientific research

results from Antarctica, particularly the results of the United
States Antarctic Research Program.

Most Antarctic research results are and will continue to be,
published in the standard disciplinary journals. However, the
difficulty and expense of conducting experiments in Antarctica
make it prudent to publish as fully as possible the methods,
data, and results of Antarctic research projects so that the
scientific community has maximum opportunity to evaluate
these projects, and so that full information is permanently and
readily available. Thus the coverage of the subjects is expected
to be more extensive than is possible in the journal literature.

The series is designed to complement Antarctic field work,
much of which is in cooperative, interdisciplinary projects.
The Antarctic Research Series encourages the collection of
papers on specific geographic areas (such as the East Antarctic
Plateau or the Weddell Sea). On the other hand, many volumes
focus on particular disciplines, including marine biology,
oceanology, meteorology, upper atmosphere physics, terres-
trial biology, snow and ice, human adaptability, and geology.
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