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ABSTRACT

We examine the nature and temporal trends of science journal publishing, and seek to explain why some
journals have higher Journal Impact Factors (JIF) than others. The investigation has implications for how
we assess the importance of scientific contributions. National Laboratories run by the U.S. Department of
Energy, for example, compare JIF across disciplines, while some academic institutions look at JIF when
evaluating publication records. Problematic to these policies are several results, which have long been
known in the medical and biological sciences, and are shown here to apply to the Earth sciences as well. In
particular, citations are distributed almost logarithmically in any given issue of a journal, and so JIFs say
nothing about the actual number of citations acquired by any given paper. In the area of mineralogy and
petrology, for example, 25% of articles in a typical issue will capture >50% of all citations that accrue to
that issue. For some issues the asymmetry is greater; we use such citation asymmetry to develop a classifi-
cation for journals as “super elite,” “elite,” “influential,” and “minor.” We also find that JIFs are inherently
larger for large disciplines, in part because as the size of a discipline increases (as measured by total papers
published), the top journals benefit to a greater extent than other journals. For this and other reasons, JIF
cannot be compared across disciplines. A heretofore unknown and disconcerting result is the incredible
growth in JIFs for commercially published journals compared to their society-published counterparts—a
growth that coincides with the advent of electronic distribution models (e.g., bundling) that were instituted
by commercial publishers at the beginning of the 21st century. Journals, which only a decade ago had sim-
ilar JIFs, and were viewed as being scientifically equivalent, now have very different JIFs. These contrasts
may nucleate feedback loops (as authors look to higher JIF journals in which to publish) that threaten the
health of society-published journals. Our analysis however, shows that in spite of growing contrasts in JIF,
many society-published journals still provide a greater value (JIF/cost) compared to their commercially
published counterparts. While we acknowledge that citations and citation rates can be useful tools to compare
scientific influence and importance, the results of this and other bibliometric studies cause us to conclude
that in the evaluation of science and scientists, it is a grave error to substitute numerical values for human
judgment. And if professional societies are to continue to play a significant role in science publication, it is
incumbent upon scientists—now more than ever—to send their best works to society-published journals.
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INTRODUCTION

The Journal Impact Factor (JIF) is perhaps the most familiar of
the indices by which journals are quantitatively evaluated. Nearly
every journal reports its JIF on its home page, while mostly ignor-
ing various other journal rankings (e.g., SCImago, Journal-Rank-
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ing.com), even when such rankings may support a more positive
view of the journal. Eugene Garfield, the founder of The Institute
of Scientific Information, took part in developing the JIF for the
goal of better determining which journals should be included in
the citation database that was then being developed in the early
1960s (Garfield 2006; Archambault and Lariveiere 2009). Since its
development, however, the JIF has been used to evaluate journal
performance and the publication records of scientists. Problems
have been noted with the JIF for some time (Seglen 1997a, 1997b).
But the use of JIF as an evaluation tool has continued undeterred,
to the point where the editors of Nature, noting a great disparity
in citation rates between disciplines, and between articles within
a discipline within their journal, have characterized JIF-based
evaluations as “unhealthy” (Nature Publishing Group 2005).
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This article attempts to address several issues, including
why JIFs vary from journal to journal, both within and across
disciplines (for convenience, we accept disciplinary divisions of
SCImago), how citations are distributed within specific journal
issues, how electronic distribution strategies currently affect
JIF, and how such strategies impact society-published scientific
journals in particular. In this context, we highlight American
Mineralogist: An International Journal of Earth and Planetary
Materials (Am Min), and other journals in the areas of miner-
alogy, petrology, and geochemistry, as well as some journals in
closely allied and more distal fields.

DATA AND METHODS

To examine citations rates and Journal Impact Factors (JIFs) we do not use
proprietary data, but only data freely available on the web. JIFs are taken from
both Thomson-Reuters (http://thomsonreuters.com) and SCImago (http://www.
scimagojr.com). The Thomson-Reuters database for JIFs for select journals has
been compiled by Alex Speer at the Mineralogical Society of America office from
information made public by their publishers since 1990, and his database ranges
to 2011; the SCImago database extends only from 1999-2011, but as of July
2012, their 2011 JIFs are very low compared to historical values for all journals,
and much lower than reported by Thomson-Reuters. Unlike Thomson-Reuters,
though, SCImago reports, for each journal in each year, the total numbers of papers,
references, citations, and self-citations, among other data. Thus we make use of
SCImago data, but exclude their citation reports for the year 2011.

Distributions of citations within journal issues are also evaluated; citations
are determined using ISI-Web of Science, in June 2012. Am Min is compared to
several journals in the Earth sciences (Appendix Table 1'), and also to a few jour-
nals at the margins of this discipline. Specific Earth science journals are selected
because they are either very similar in their intended scope compared to Am Min
(e.g., Contributions to Mineralogy and Petrology, or Geochimica et Cosmochimica
Acta) or they illustrate a range of JIF values (e.g., Earth and Planetary Science
Letters, Petrology), or allow a comparison of society and commercially published
Earth science journals. Where citations for specific articles are tabulated, only the
year of issue is identified, so as to maintain author anonymity.

THE JOURNAL IMPACT FACTOR AND ITS CALCULATION

The JIF of a journal in any given year represents the total
number of citations received in that year by all articles published
in the prior two years. So, for example, if a journal published a
total of 625 citable documents in the years 2010 and 2011, and
during the year 2012 those 625 papers received a total of 1530
citations, then the JIF for this journal in 2012 is 1530/625 =2.448.

Why look at citations of papers published over a two-year
period, and not one year or three years or eight? Garfield (2006)
argues that a one-year time span would emphasize “rapidly de-
veloping” fields, whereas a two-year span de-emphasizes such
fields, but is still representative of recent journal performance.
Garfield (2006) also argues that rankings based on longer-term
citation rates are effectively the same as those based on 2 yr
rankings. But this is not true for all journals. Thomson-Reuters
reports JIFs for the top 10 journals in Mineralogy for the years
2009, 2005-2009, and 1981-2009 (see Appendix Table 2! for
the top 10 journals in this field). To support Garfield’s (2006)
view, Contributions to Mineralogy and Petrology (CMP) ranked
third in 2009 (JIF = 3.50), second in the years 2005-2009 (JIF =
7.22), and second again for 1981-2009 (JIF =38.39). In contrast,

! Deposit item AM-13-051, Appendix Tables. Deposit items are available two
ways: For a paper copy contact the Business Office of the Mineralogical Society
of America (see inside front cover of recent issue) for price information. For an
electronic copy visit the MSA web site at http://www.minsocam.org, go to the
American Mineralogist Contents, find the table of contents for the specific volume/
issue wanted, and then click on the deposit link there.
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however, Am Min ranked sixth in 2009 (JIF = 1.86) and sixth
again in 2005-2009 (JIF = 4.63), but third in 1981-2009 (JIF =
22.15). Does this represent a long incubation time for Am Min
papers, or a decline in the journal’s influence?

The disparity of journal influence

There can be no doubt that, at some level, citations matter,
and that widely cited papers and journals, at least in a general
sense, can be fairly characterized as being widely influential. But
how great is the disparity between journals that are in the upper
echelons of a discipline compared to those journals nearer the
bottom? As a test, we rank journals by total citations over three
years (using 2010 figures from SCImago) for the disciplines of
Chemistry, Earth and Planetary Sciences, Medicine, Physics and
Astronomy, and the sub-disciplines of Environmental Chemistry
and Geochemistry and Petrology. We then compare cumulative
sums of citations against cumulative sums of numbers of journals
in each field.

Remarkably, the broadly defined disciplines yield cumulative
summation curves that can hardly be distinguished (Fig. 1); we
use these curves to arbitrarily divide journals into four classes:
(1) the “super-elite” are the top 4% (3.6-4.4% range across
disciplines) that garner 50% of all citations; (2) the “elite,” or
top 12% (11.7-13.4% across disciplines) that garner 75% of all
citations; (3) the “influential,” or top 26% (25.3-27.2% across
disciplines) that accrue 90% of all citations; (4) the “minor
journals” that form the bottom 74% and accrue 10% of all cita-
tions. As noted, these divisions are nearly independent of size.
To illustrate, SCImago lists just 70 000 documents published in
Earth and Planetary Sciences but 550 000 documents in Medicine
(153000 in Physics and Astronomy and 137000 in Chemistry)
and yet both curves are nearly identical at the scale of Figure 1,
defining an apparent “law of constant attention span.” However,
a subtle size-effect is discernable (Fig. 1, inset panel). At the elite
end of the spectrum, the Earth and Planetary Sciences curve is
distorted because SClmago treats the family of seven Journal
of Geophysical Research (JGR) journals as one, so yielding a
concentration of citations in “one” journal. But the Earth Scienc-
es curve is at least as asymmetric as the others above the sixth
percentile, whereas Medicine is generally the most asymmetric
in this range, with Chemistry and Physics and Astronomy being
intermediate, and close to one another. Substantiating this view,
asymmetry, although still substantial, is much lower for the two
sub-disciplines (Fig. 1) that we examined: in Environmental
Chemistry and Geochemistry and Petrology, 90% of citations
are garnered by 40% of all journals, and in Geochemistry and
Petrology, 10% of all journals account for half of all citations.
Apparently, as a field grows, the number of elite and super-elite
journals does not grow at the same rate, and so with respect to ci-
tations, the top journals benefit more in larger disciplines than in
smaller disciplines. In the Earth and Planetary Sciences, Am Min
is in an elite class, falling within the top 8% of all journals in
Earth and Planetary Sciences; Am Min falls in the top 18% of
all journals in Geochemistry and Petrology, which garner 2/3
of all citations in that sub-discipline. As we show later, though,
these size effects and underlying asymmetries limit one’s ability
to sensibly compare JIFs across disciplines, especially for the
top journals in a given field.
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FIGURE 1. A comparison of the cumulative sums of citations (over
a 3 yr period) to the cumulative sums of numbers of journals published
in a given discipline or sub-discipline in 2010. Citation distributions
are highly asymmetrical, with the vast majority of citations being
garnered by a small subset of highly influential journals. The overlap
of curves for the broadly defined fields (Chemistry, Medicine, Earth
and Planetary Sciences, etc.) suggests a near-constant asymmetry that
perhaps characterizes scientists’ attention spans. Inset: This panel shows
a magnified view of the same curves; the numbers next to each curve
represent thousands of documents published in that field, so the blue
curve that represents Earth and Planetary Sciences, for example, shows
that 70 000 papers were published in the field in 2010. This comparison
reveals a subtle but important systematic relationship between the size
of a field and the degree of asymmetry. Smaller fields have a flatter
distribution, and so the “top” journals in any given field represent a larger
proportion of all journals published in a field, as field size (measured
by total documents published) decreases. Smaller fields thus have an
intrinsically lower JIF.

Is JIF affected by citation habits or journal size?

One problem of the JIF relates to “citation density” (Garfield
2006), or the number of citations per paper. In the field of Math-
ematics, for example, it is the habit to cite fewer references per
paper compared to Biology (Moed 2010). With fewer citations
per paper on average, the total citations that any paper accumu-
lates over a given time are correspondingly few; JIFs for journals
that publish such papers will thus be lower (Moed 2010). Table
1 illustrates citation rates for two hypothetical communities, C1
and C2. Each publishes its papers in one of three journals, a small
journal that publishes 5 papers/year, a medium-sized journal at
10 papers/year, and a large journal with 20 papers/year. In C1,
authors habitually cite exactly 3 citations per article, whereas
in C2, the habit is to cite 10 citations per article; citations are
random and there is no cross-citation between C1 and C2. Two
aspects (Table 1) are important:

(1) Within any given community, the size of the journal makes
no difference to the citation rate. The largest journal (publishing
the most papers) garners the most citations, and perhaps might be
considered more influential on that basis. But citation rates (e.g.,
JIFs) are not intrinsically higher for larger journals.
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TaBLE 1. Citation rates relative to journal size and citation habits
No. of papers No. of citations Citations/paper
Community 1: 35 documents, 3 citations per paper

Journal A 5 16 32
Journal B 10 32 3.2
Journal C 20 57 2.85
Community 2: 35 documents, 10 citations per paper
Journal D 5 47 9.4
Journal E 10 100 10
Journal F 20 197 9.85
Community 3: 17 documents, 3 citations/paper
Journal G 2 7 35
Journal H 5 20 4
Journal | 10 24 24
Community 4: 17 documents, 3 citation/paper
Journal J 2 3 1.5
Journal K 5 12 24
Journal L 10 36 3.6

(2) JIFs are higher for communities with high citation den-
sities; as might be expected for random citations, citation rates
approximate the habitual citations per article in each community.
This issue has motivated various journal-ranking schemes to
correct for citation density (e.g., Moed 2010; SCImago, Jour-
nal-Ranking.com).

The Conversation Curve—The influence of journal size on
JIF

Although journal size has no intrinsic effect on JIF (Table 1),
there is in actuality, a journal size effect (Figs. 2a and 2b), at least
for some top journals. Figure 2a compares JIFs to the number of
“citable documents” (see SCImago) published over a 3 yr period
(CD3) (which excludes, for example, book reviews, or letters to
the editor). For each journal, the 12 data points represent JIF vs.
CD3 for each of the years 1999 to 2010 (so for Am Min in 2005,
Figure 2 shows the JIF calculated as citations in 2005 to papers
published in Am Min in 2004 and 2003, against CD3, which is the
total number of papers published in Am Min in the years 2004,
2003, and 2002). No doubt, a better horizontal axis would be the
number of articles over a 2 yr period, but only the 3 yr figure is
provided by SCImago. Eighty of 81 journals listed by SCImago
in the area of “Earth and Planetary Sciences—Geochemistry and
Petrology,” for the years 1999-2010 are shown (Figs. 2a and
2b) [the Journal of Geophysical Research (JGR) plots off scale
in Figs. 2a and 2b, publishing 6100—7700 papers per year in the
years 1999-2010, with a mean JIF of 2.54; see Fig. 3].

These relationships (Fig. 2) suggest at least two classes of
journals:

Class 1: Panel discussions. These journals publish a roughly
constant number of manuscripts per year, mostly <400/year,
with JIF vs. CD3 slopes that are nearly vertical (as JIFs move
up or down). Examples are review volumes, such as Elements or
Reviews in Mineralogy and Geochemistry, and journals that may
be selective, such as CMP, the Geological Society of America
Bulletin (GSAB), and the Journal of Metamorphic Geology
(JMGQG). Also represented are journals such as Physics and Chem-
istry of Minerals and Petrology, which also each publish <400
papers/year, but garner fewer citations/paper compared to CMP,
GASB, or JIMG. This class should perhaps also be subdivided
into sub-classes: (a) review journals and (b) non-review journals
(that emphasize publication of new results).
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FIGURE 2. (a) Comparison of Journal Impact Factor (JIF) and total
citable documents published over a three year period (CD3), for select
journals in Geology, Mineralogy, Petrology and Geochemistry. JIF and
CD3 should be independent of total documents published, but instead,
the two are related, at least when CD3 > 500, following what we call the
Conversation Curve (see text), where top journals are able to increase
their JIF by capturing a larger fraction of the conversation taking place
among the “top journals.” (b) Same as a, except that it shows 80 journals
classified as Geochemistry and Petrology by SCImago (Appendix Table
1"). Abbreviations in legend: Acta Geophys Sin = Acta Geophysica
Sinica; Am Min = American Mineralogist; CM = Canadian Mineralogist,
CMP = Contributions to Mineralogy and Petrology; EIM = European
Journal of Mineralogy, EPSL = Earth and Planetary Science Letters;
G* = Geochemistry, Geophysics, Geosystems; GCA = Geochimica et
Cosmochimica Acta; GSAB = Geological Society of America Bulletin;
J Pet = Journal of Petrology; JVGR = Journal of Volcanology and
Geothermal Research; Phys Chem Min = Physics and Chemistry of
Minerals; RIMG = Reviews in Mineralogy and Geochemistry.

Class 2: Open conversations. These journals publish a
variable number of papers (mostly >400/year) with higher JIF
at higher CD3. Together with some Class 1 journals, these form
what is here termed the Conversation Curve. Many journals that
fall on this trend not only follow the inter-journal pattern, but also
show a parallel internal trend, most notably, Earth and Planetary
Science Letters (EPSL), Geochimica et Cosmochimica Acta
(GCA), Acta Geophysica Sinica, and the Journal of Volcanology
and Geothermal Research (JVGR). Except for Acta Geophysica
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FIGURE 3. Comparison of Journal Impact Factor (JIF) and total
citable documents published over a three-year period (CD3) using data
from Figure 2 and values from the allied fields, Environmental Science
and Technology (ES&T) and the Journal of the American Chemical
Society (JACS). There is much internal scatter for JACS, but this journal
and ES&T have mean values that strengthen the JIF v. CD3 relationship
found in Figure 2 also shows a systematic relationship between JIF and
CD3, as do the internal variations of ES&T. Also shown is a collection
of journals noted as the “Journal of Geophysical Research (JGR),” which
plots off-scale in Figure 1, but falls below the Conversation Curve.

Sinica, most have y-axis intercepts that approach y = 0.

By their nature, of course, the intercepts of internal correla-
tions of JIF vs. CD3 (e.g., EPSL in Fig. 2a), should be zero, since
with no articles, no citations should be acquired. That a journal
such as GCA or EPSL should attain a positive y-axis intercept
is perhaps another measure of their influence. A negative y-axis
intercept (e.g., Acta Geophysica Sinica), is on the other hand,
highly undesirable. Am Min falls on this Conversation Curve,
but without a clear internal trend.

Figure 2b shows that many other journals in the Earth and
Planetary Sciences fall on the Conversation Curve. But the ef-
fect is not isolated to this discipline. Figure 3 shows two other
journals to which Am Min authors also sometimes submit pa-
pers: Environmental Sciences and Technology (ES&T) and the
Journal of the American Chemical Society (JACS). These two
journals appear to fall on a parallel Conversation Curve, slightly
displaced to lower JIF at a given CD3, compared to Earth Sci-
ence journals, but ranging to much higher JIF and CD3. Also of
note is JGR (Fig. 3), which SCImago treats as a single journal,
but it is in fact a collection of seven journals. If total documents
are equally distributed among JGR’s journals, and each has the
mean JIF, they would all plot between the two Conversation
Curves in Figure 3. In any case, by this measure, Earth Science
journals such as GCA, EPSL, and Am Min are arguably stronger
than either ES&T or JACS, achieving higher JIF and a greater
y-intercept, while monopolizing a much smaller fraction of the
conversation among their field’s top journals
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A possible meaning of the Conversation Curve

The Conversation Curve is not a mathematical requirement
(Table 1; Garfield 2006); rather, because JIFs represent citations
normalized by numbers of citable documents, there should be no
relationship between JIF and CD3 at all. The correlations of Fig-
ures 2 and 3 thus reflect a non-random, sociological phenomenon.

One hypothesis to explain the Conversation Curve is that cer-
tain journals, by virtue of their reputation, perceived importance,
or simple visibility, are able to grow in influence as they grow in
size, capturing a larger fraction of the most interesting conversa-
tions taking place within a discipline. Think of each journal as
aroom in a convention center. Scientists are free to move from
room to room, but the conversations taking place in each room
are not necessarily equally interesting, nor do they have equal
participation. Journals in Class 1 are like panel discussions: a
few people talk, many listen. If the panelists are interesting, that
room’s “JIF” grows; but some panel discussions attract little at-
tention. In Class 2, discussions involve all attendees who desire
or are able to participate. Those rooms with the most interesting
discussions attract more people, who add to the discussion; those
rooms with perhaps interesting, but highly focused discussions,
may attract fewer attendees. Positive or negative feedback loops
may then ensue, as the discussion in a particular room waxes or
wanes in terms of perceived interest and/or focus.

But why does one journal become the nucleation point for
increased discussion and impact in the first place? There are
at least two possibilities: (1) Increased conversation might be
spurred by one or a few particularly good papers (or speakers,
to continue the convention analogy). In such a case, it would be
natural for authors/speakers, to choose the same journal/room to
present new thoughts or counter-arguments. Or, (2) some journals
might simply be more visible (or the talks are better advertised).
Below, these ideas are tested.

Why do different journals have different JIFs?

[For example, why is JACS’s JIF(2011) = 9.9 higher than
EPSL’s JIF(2011) = 4.2?] Figure 1 shows that a small subset of
journals in a field can dominate what are perceived to be the most
important conversations taking place within a discipline. This is
not an unfamiliar concept; we submit our best papers to journals
that we know are well circulated and believe to be frequently
scanned by our colleagues. And this judgment, even today, can
be made quite independent of JIF. For example, the Journal of
the American Chemical Society [JACS; JIF(2011) = 9.907] has
a much higher JIF compared to the Journal of Volcanology and
Geothermal Research [JVGR; JIF(2011) =1.971]. But by habit,
one might still prefer to publish a geochemical study of Mt. St.
Helens ash in JVGR, so as to reach an intended audience. But will
this habit be maintained in the future? Search engines, such as
ISI’s Web of Science, which catalogs both JVGR and JACS titles,
may obviate this approach, as we perform database searches in
lieu of browsing journal Tables of Contents.

Monopolizing conversation. But why does JACS have a
higher JIF (9.9) compared to JVGR (1.97) in the first place, let
alone EPSL (4.18), one of the top journals in the Earth Sciences?
Two possible factors may work in tandem: (a) the number of
people involved in a conversation, and (b) the amount of con-
versation that is monopolized by a given journal. We start with
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(b) and discuss (a) in the next section. As for concentration of
conversation, JIFs in 2010 for journals in three SCImago cate-
gories are examined: (1) “Earth Sciences—Geochemistry and
Petrology” (Geophysics journals from Appendix Table 1' are
excluded), (2) “Environmental Sciences—Environmental Chem-
istry,” and (3) “Chemistry” (all subfields). As a test, journals in
each discipline are ranked by JIF. Those that fall in the top 25 are
selected (all of these journals qualify as elite or super-elite), and
the sums of all papers published by just those journals are count-
ed. How important are these top 25 journals in their respective
fields? In Chemistry, the top 25 journals represent just 4.7% of
all Chemistry journals, but garner 23.8% of all citations over a
3 yr period. In “Environmental Chemistry,” the top 25 journals
represent 26% of all journals in the field, and acquire 71% of all
citations. In “Geochemistry and Petrology,” the top 25 journals
represent 30% of all journals in this sub-discipline, and garner
80% of all citations. Let’s now examine how this monopolization
of the conversation affects JIF.

Figure 4a compares the 2010 JIF to the number of papers
published by a given journal, as a fraction of all papers published
among the top 25 journals in a given field. Using EPSL as an
example, the journal in 2010 published 8.5% of all papers pub-
lished among the top 25 journals in the field of Geochemistry
and Petrology, and had a JIF that year of 4.06. The correlation
within the Earth Sciences—Geochemistry and Petrology is weak,
but positive, indicating that if a journal is in the top 25, it may
increase its JIF by capturing more of the conversations taking
place on the pages of the top journals. The inter-disciplinary trend
is stronger. ES&T publishes nearly 20% of all papers published
by the top 25 journals in Environmental Chemistry, and JACS
publishes 35% of all papers in the top 25 journals in Chemistry.
It thus appears that when one or a few journals come to domi-
nate a field, as do ES&T and JACS, such journals can maintain
very high JIFs. So ES&T and JACS achieve higher JIFs than
EPSL because environmental scientists and chemists recognize
a smaller fraction of their very best journals as being especially
important (see Fig. 1).

How high can JIF be increased? The community size
effect. But the size of a community can also affect JIF, as has
long been known (Seglen 1997a). To illustrate, the total number
of documents published within a given discipline is compared to
the maximum JIF achieved by any journal in that same discipline
(Fig. 4b; Table 2). The two categories are highly correlated—an
unsurprising result because of the asymmetry of citation distri-
butions in the disciplines; more articles means more citations/
journal for the top journals in a given field. What is especially
interesting in Figure 4b is that several disciplines (Cancer, Psy-
chology, and Physics and Astronomy) plot above an otherwise
remarkably coherent linear trend defined by all other disciplines.
This is almost certainly due to the opportunities for citations
of Physics articles in the fields of Earth Sciences, Materials
Sciences, Chemistry, etc. and for opportunities for Cancer and
Psychology to be cited by Medicine [i.e., what Seglen (1997a)
refers to as citations by “adjacent fields,” which can be highly
asymmetric].

Other effects on JIF? Could monopolizing conversation lead
to more “self citations” (at the journal level, this means that an
article cites other articles published in the same journal in which
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to other journals in the field of Environmental Chemistry; JACS is compared to all journals in the area of Chemistry (see caption to Fig. 2 for
abbreviations). Higher JIF is associated with the ability of a journal to capture a higher fraction of the papers published by the top 25 journals in a
given discipline. (b) Comparison of the highest JIF achieved by any journal in a given discipline relative to the total number of citable documents
published by a discipline (Table 2; see table for abbreviations). Clearly, the highest JIF that can be achieved in a discipline is related to the size of

that discipline.

the citing article appears)? There is some concern that editors
may indeed manipulate a journal’s JIF by requesting authors to
cite articles from the journal they edit (e.g., Falagas and Alexiou
2008). JIFs, however, are mostly uncorrelated to the percentage
of self-citations or even negatively correlated for some journals,
such as JGR, JACS, and ES&T (Fig. 5a). And Acta Geophysica
Sinica has benefited little from rates of self-citations that are
high for the discipline.

Other potential influences on JIF are the percentage of inter-
national collaborations (Fig. 5b), the publication of fewer low-
citation papers (Fig. 5¢) and the references/document ratio (Fig.
5d). The fraction of international collaborations has no effect on
JIF, except for Acta Geophysica Sinica. On the other hand, high
JIF journals clearly publish fewer papers that receive no citations

in the year that the JIF is calculated (such papers may well be
cited, perhaps even heavily, in later years). Finally, as might be
anticipated (Table 1), a greater number of references per docu-
ment does indeed lead to higher JIF. Interestingly, journals in the
mineralogical sciences (e.g., the European Journal of Mineral-
ogy, the Canadian Mineralogist, and American Mineralogist)
appear to have fewer references/document, perhaps reflecting
their publication of short papers on new minerals, etc.
Temporal trends in JIF, visibility, and electronic pub-
lishing. Temporal trends in JIF provide an interesting insight
that should be of concern to society-published journals. Figure 6
compares JIFs for Am Min and CMP from 1990 to 2011, as well
as mean JIF for the years 1983—1985 (the latter from Ribbe 1988).
CMP is used as a comparison to Am Min as it is effectively equiv-

TABLE 2. Comparison of journals with highest JIF within various disciplines

Discipline (and Journal with Top Total Mean Total Total Citable Refs/paper

abbreviations in Fig. 4b) highest JIF JIF journals JIF documents (2010) citations (3 yr) documents (3 yr)

Agriculture and Annual Review of 27.5 1585 13 153373 791146 398176 36.7
Biology (Ag & Biol) Plant Biology

Biochemistry (Biochem) Nature Genetics 353 1493 2.8 216892 2029714 567153 38.0

Cancer Cancer Cell 27.5 173 32 27291 303446 65692 34.0

Chemistry Chemical Reviews 322 535 2.0 137324 1092006 369067 36.8

Earth & Planetary Reviews of Geophysics 9.8 797 1.2 70539 373426 192413 38.0
Sciences (Earth Sci)

Environmental Annual Review of Ecology, ~ 11.0 798 13 77405 447371 204086 375
Sciences (Env Sci) Evolution, and Systematics

Materials Sciences Nature 309 623 14 119879 598965 317978 255
(Mat Sci) Nanotechnology

Mathematics ACM Computing Surveys 16.5 839 0.9 90379 243055 244865 226

Medicine Ca-A Cancer Journal 103.4 5304 14 552195 2855565 1271084 24.7

for Clinicians

Physics and Astronomy Reviews of 475 533 1.7 153293 699200 425042 26.1
(Phys & Astron) Modern Physics

Psychology Behavioral and 20.9 647 14 30383 141260 73411 40.8

Brain Sciences
Social Sciences National Health 121 2958 0.6 102874 211995 236246 40.1

(Soc Sci) Statistics Reports
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alent in terms of intended content and quality. Figure 6 shows that
although CMP’s JIFs are significantly higher from 1984 to 1999,
the contrasts are small (about 20% on average), and those contrasts
were effectively erased between 1995 to 1999. Beginning in 2000,
however, CMP begins a tremendous decade-long increase in JIF
compared to Am Min, reaching a mean difference in JIF of 71%
for 2009-2011, an astonishingly high contrast for two journals
that were judged to be equal or nearly so for over two decades.
Why the surge in CMP’s JIF? One possibility relates to the
fact that since 2000, commercial publishers (Springer-Verlag,
Elsevier) have bundled electronic versions of the journals they
sell to libraries (Frazier 2001), offering faster, easier, and well-in-
tegrated access to more of their publications. As a test, Figure 6b
compares percent increases in JIF for commercially published
journals to society-published journals, which mostly do not take
part in such electronic bundling; the height of each bar is the
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percent increase in JIF since 1999 relative to the mean of JIFs
for the years 2009-2011. Commercially published journals have
vastly outpaced their society-led counterparts, with mean and
median percent increases in JIF of 169% and 91%, respectively,
compared to mean and median increases of 25.6% and 12.7%
for society-published journals (Table 3). Clearly, this contrast
does not bode well for the health of non-profit publishers if
authors choose to publish their best works in journals that have
the highest JIF.

WHAT DOES JIF MEAN FOR INDIVIDUAL ARTICLES?

Within any given issue of a journal, the numbers of citations
that accrue to various articles can vary greatly (e.g., Seglen
1997a) (nearly logarithmically for most journal issues studied
here), regardless of JIF. To illustrate, we select arbitrary issues
from both CMP and Am Min, published in the years 1990 to
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FIGURE 5. JIF is compared to (a) percentage of self-citations (where an article within a given journal cites other articles published in the same
journal in which it appears), (b) percentage of international collaborations, (¢) percentage of uncited articles, and (d) references per document (the
number of citations appearing in any given article). Each data point represents averages of x- and y-axis values over one year; multiple data points
for a given journal represent averages for the years 1999 to 2010. Only the percentage of uncited articles and references per document have any
significant impact on the JIF of journals in the Earth and Planetary Sciences, and closely allied fields. Symbols are as in Figure 2.
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FIGURE 6. (a) Temporal comparison of JIF for Contributions to
Mineralogy and Petrology (or CMP, a commercially published journal)
and Am Min (a society-published journal) for the years 1984 to 2011.
CMP has slightly higher JIFs on average in the years 1984-1995, and
the two journals are effectively equal from 1995 to 1999. But since 2000,
CMP has experienced a tremendous upsurge in JIF compared to Am Min,
coincident with the beginning of new electronic distribution models
(journal bundling) promoted by commercial journal publishers. (b)
Comparison of growth rates in JIF from 1999 to the mean of 2009-2011
for 15 commercially published and 11 society-published journals (Table
3). The horizontal axis is the rank order of the percentage increase in
JIF, and so the first blue bar on the left compares the highest percentage
increase in JIF observed for a commercially published journal to the
highest percentage increase in JIF for a society-published journal.
Commercially published journals have experienced tremendous growth,
outpacing growth in JIF for society-published journals.

2011. Since Am Min is published 8 times annually (about every 6
weeks) while CMP is monthly, one issue of Am Min is compared
to two successive issues of CMP.

Figure 7 illustrates the difficulty in using JIF to assess both
the quality of a journal and the quality of individual papers
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contained therein. To create Figure 7, papers from a given issue
are ranked in order of decreasing citations, so that a Rank = 1
represents the paper that received the most citations in a given
issue, and the maximum rank is identical to the total number
of papers appearing in that same issue. Thus in Figure 7a, the
2003 issue of Am Min published 28 papers, and the most cited
paper in that issue received 94 citations; CMP, in two successive
issues (for the same months as covered by Am Min), published
16 papers, the most cited of which received 107 citations (Fig.
7a). Which journal had the better issue? CMP acquired a higher
citation rate: 39.3 cites/paper compared to just 19.6 cites/paper
for Am Min, mostly on account of CMP’s publishing several
very highly cited papers (i.e., more papers with >40 citations),
and publishing fewer papers (although still several) that receive
<10 citations. But the area under the curve is not unimportant.
The integral of the citation distribution curve of Figures 7a and
7b is simply the total number of citations acquired for the issue.
By that measure, Am Min was more influential, garnering 548
citations, compared to 436 for CMP, by virtue of its publishing
more papers of moderate influence, in the 10-25 citations/paper
range.

As noted by Mutz and Daniel (2012), the JIF is thus prob-
lematic as it is an arithmetic mean that is used to represent a
highly skewed, non-Gaussian distribution. How should editors,
authors, and society members evaluate journal quality? The JIF
represents a probability that a paper will be well cited, but a low
JIF can mask a very good paper, and vice versa (and how well it
measures such probability depends upon citation distributions,
which are not normally distributed). Figure 7b illustrates an
extreme example, where one paper in Am Min garners 138 ci-
tations, compared to <20 citations for the next most cited paper;
this issue of Am Min acquires a higher citation rate than CMP
because of one “super paper.”

How are citations generally distributed? For Figure 7c, each
paper from a given issue of CMP and Am Min is sorted on the
basis of total citations, as in Figures 7a and 7b. The vertical axis
represents the cumulative sum of citations acquired by papers in
that issue, calculated as a percent of all citations for the issue;
the horizontal axis is the cumulative sum of the numbers of pa-
pers appearing in that same issue, also as a percent (see Seglen
1997a). In most issues examined ~25% of all papers in an issue
garner >50% of all citations. A 2010 issue of CMP is typical, with
26.3% of the papers published in that issue receiving 52.4% of
all citations to that issue. A slightly older issue of Am Min (2002)
illustrates similar proportions. The 2010 issue of Am Min and
the 1991 issue of CMP represent more extreme, but not entirely
uncommon cases (Fig. 7c); in the 1991 CMP issue, 19% of the
papers received 57% of all citations, while in the 2010 issue of
Am Min, a single paper received >63% of all citations. Clearly,
the JIF says nothing about the citation rate of individual papers.

How many citations might we expect for a given paper in
the fields of Mineralogy and Petrology? Over a 12 yr random
sample of CMP and Am Min (12 issues, 467 papers), 1.7% of
all papers had 2100 citations (i.e., the “super papers”), 5.1% had
>50 citations, and 17% had >25 citations. The median number
of citations is 10. This analysis suggests a pitfall not only to the
JIF for judging journals, but to the H-index when evaluating in-
dividual scientists, as a moderate to high H-index can be attained
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TaBLE 3. Journal Impact Factors (JIF) for commercially and society-published journals, each listed in order of decreasing percentage increase

in JIF from 1999 to 2009-2011

Journal title Publisher 2011 JIF 2009-2011 1999 % Increase in JIF from
average JIF JIF 1999 to 2009-2011 average
Commercially published journals
Petrology Springer Verlag 1.054 0.835 0.090 827.778
Chemie der Erde - Geochemistry Gustav Fischer Verlag 1.447 1411 0.216 553.241
Neues Jahrbuch fur Mineralogie - Abhandlungen E Schweizerbartsche Verlags 0.700 0.530 0.121 338.017
Bulletin of Volcanology Springer Verlag 2.205 2577 1.135 127.048
Lithos Elsevier Science 3.246 3.301 1.551 112.852
Journal of Volcanology and Geothermal Research Springer Verlag 2.271 2.020 0.980 106.122
Chemical Geology Elsevier Science 3.518 3.549 1.846 92.254
Mineralogy and Petrology Springer Verlag - Vienna 1.578 1.292 0.675 91.457
Contributions to Mineralogy and Petrology Springer Verlag 3.441 3.452 2.072 66.602
Journal of Petrology Oxford University Press 4.059 3.880 2422 60.184
Geochimica et Cosmochimica Acta Pergamon-Elsevier Science 4.259 4.248 2.847 49.221
Earth and Planetary Science Letters Elsevier Science 4.180 4174 2.832 47.375
Physics and Chemistry of Minerals Springer Verlag 1.730 1.866 1.399 33.405
Journal of Metamorphic Geology Blackwell Science, Inc. 2.990 3.522 2.706 30.143
European Journal of Mineralogy E Schweizerbartsche Verlags 1.486 1.468 1.360 7.966
Society-published journals

Economic Geology Society of Economic Geologists 2.588 1.939 1.000 93.900
Geology Geological Society of America 4.026 4.155 2.490 66.881
Geological Society of America Bulletin Geological Society of America 3.637 3.442 2.440 41.079
Reviews in Mineralogy and Geochemistry Mineralogical Society of America 3.836 3.240 2.564 26.378
Canadian Mineralogist Mineralogical Association of Canada 1.115 1.231 1.085 13.487
Journal of Geophysical Research American Geophysical Union 3.021 3.135 2.781 12.741
Geochemical Journal The Geochemical Society of Japan 0.711 0.765 0.683 12.055
American Mineralogist Mineralogical Society of America 2.169 2.018 1.842 9.555
Mineralogical Magazine Mineralogical Society of Great Britain 1.321 1.002 0.973 2.946
Clay Minerals Mineralogical Society of Great Britain 1.053 1.119 1.090 2.691
Clays and Clay Minerals Clay Minerals Society 1.162 1.408 1411 -0.213

without publishing papers that are at the very top of a given field
(the H index is the number of papers x that have received x or
more citations). Which researcher is more successful? One who
publishes 20 papers over 10 yr, each with 25 citations (H-index
= 20; total cites = 500), someone who has 10 papers/10 yr, each
with 50 citations (H-index = 10; total cites = 500), or one who
has published 5 papers/10 yr, each with 100 citations (H-index
= 5; total cites = 500)?

JOURNAL RANKING SYSTEMS

This article is not the first to note the problems of interdisci-
plinary JIF comparisons (e.g., Seglen 1997a; Archambault and
Lariveiére 2009; Moed 2010). Two notable ranking systems that
attempt to deal with issues raised by Seglen (1997a) are flawed.
The SCImago Journal Rank (SJR), for example, provides greater
weight to citations in more highly ranked journals (see Habibza-
deh and Yadollahie 2008), with the result that scientific value is
intrinsically reduced as the size of the conversation is decreased
(are studies of wakabashiite intrinsically inferior to studies of
clinopyroxene?). Yet another scheme (Moed 2010) looks at
the “citation potential” of a particular field. More citations per
individual articles in a given field mean a greater “potential” for
a paper in that field to be cited. To correct for this Moed (2010)
normalizes a form of the journal impact factor to this “citation
potential,” yielding what is called the Source Normalized Impact
Factor (SNIP). While seemingly an improvement, this model
does not account for the very strong and unequal asymmetry of
citations among journals in various fields (Fig. 1). The system
also fails at the intra-disciplinary level. For example, in2011 Am
Min earned a SNIP value of 1.271 while Acta Geophysica Sinica
(AGS) in that same year scored a SNIP of 1.47 (journalmetrics.
com), not because AGS received more citations, but because

in 2011 its citation potential was calculated to be significantly
lower than Am Min. This result might be considered dubious
given the negative y-intercept for AGS in Figure 2a, and that
journal’s high rate of self-citations (Fig. 5a).

A third ranking system preserves the undemocratic habit of
SCImago, but also accounts for indirect citations (Journal-Rank-
ing.com). The latter idea is that an original work may influence
subsequent works, but with time, only derivative works are
cited—a problem they apparently address by accounting for
citations within citations. In Mineralogy (Appendix Table 31),
Journal-Ranking.com ranks Am Min 1 in its Journal Influence
Index (and 8 in Geochemistry and Geophysics; Appendix Table
4"), and 3 in its Paper Influence Index (and 14 in Geochemistry
and Geophysics).

Finally, Ribbe (1988), concerned about the economy of the
mid-1980s and the hard choices libraries had to make, considered
the cost of a journal relative to its JIF. Table 4 ranks journals
according to their JIF/cost ratios, and society-published journals
top the list, in spite of flagging JIFs.

CONCLUDING REMARKS

Perhaps the single most important finding of our analysis of
JIF and journal rankings presented here is that in the 21st cen-
tury (the dawn of commercial electronic publishing/distribution
models), commercially published journals have been speeding
past society-published journals in regards to growth in JIF. Jour-
nals that were at one time considered equivalent in content and
quality more than a decade ago now have vastly different JIFs.
Moreover, these contrasts develop for reasons that appear to be
completely independent of scientific quality. Another key result
is that JIF says nothing at all about the citation rate of a given
paper. For these and other reasons, it has been suggested that the
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name “impact factor” be replaced by “citation rate index,” since
this is what JIF truly measures (Hecht et al. 1998).

Journal ranking systems have evolved to allow better com-
parisons of journals, but are often ignored, even when such
rankings may benefit a given journal. But even these systems
can be quite flawed, especially those that assume that scientific
value or quality is somehow less if the scope of a discussion is
small. A more appropriate approach is perhaps to say that the
best journals are those that can claim a high rank in one or more
categories or ranking systems, and that overall journal quality
and usefulness cannot be reduced to a single number. In any case,
electronic publishing-distribution models may spell trouble for
society-published journals, especially if newer scientists instinc-
tively think less in terms of the historical prestige that society
journals have often held, and more in terms of JIF.

Beyond issues related to electronic publishing and citation

In these charts, each paper is ranked according to the number of citations
obtained in June 2012 and sorted by rank to create a monotonic trend.
This rank order is compared to the numbers of citations for each paper
(vertical axis). The maximum value on the horizontal axis is thus equal to
the total number of papers published in a given issue, and “Ranking” = 1
is the top-cited paper in a given issue; the vertical axis shows the number
of citations a paper received. In many journal issues, such distributions
are close to logarithmic. A key result is that JIF does not predict numbers
of citations for any given article, and that a small number of articles
often dominate the JIF signal. (¢) Comparison of citations and numbers
of papers on a percentage basis (as in Seglen 1997a). This chart shows,
for example, that for the 2010 issue of CMP, slightly less than 30% of
the papers published in that issue garnered more than 50% of all citations
to papers published in that same issue.

asymmetry among journals within a given field, many key re-
sults shown here for the Earth and Planetary Sciences have been
observed elsewhere. More than a decade ago Seglen (1997a)
warned against comparing JIFs across disciplines. He noted that
the size of a given field can impact JIF, as can citation density,
and citations in “adjacent fields” (in the latter case, fundamental
sciences are more likely to be cited by “adjacent” applied fields
rather than vice versa). The current findings regarding the “Con-
versation Curve” (Fig. 2) and the apparent relationship between
JIF and the degree to which a journal dominates a conversation
within a discipline extend these earlier findings.

So how should we view JIFs of journals, or citation rates,
H-indices, or total citations for individual scientists? If only
the electronic-publication effect could be equalized, JIFs might
provide one useful means to compare citation rates within a
discipline. Even within a discipline, though, journals that publish
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TABLE 4. Ranking of journals in geochemistry and petrology as a ratio (JIFx10%)/(cost in USD, print subscription as of June 1,2012)

Rank Title Online institutional subscription rates (USD)  Print institutional subscription rates (USD)  JIFx10%/print cost (USD)
1 Economic Geology $460.00 56.3
2 Tectonics $400.00 $750.00 42,0
3 Clay and Clay Minerals $350.00 $420.00 38.8
4 European Journal of Mineralogy $478.00 31.1
5 American Mineralogist $950.00 $950.00 221
6 Clay Minerals $413.08 $513.22 20.5
7 Canadian Mineralogist $485.82 $558.69 20.0
8 Environmental Chemistry $990.00 18.4
9 Journal of Petrology $1826.00 $2191.00 17.5
10 Swiss Journal of Geosciences $1019.00 17.1
1 Mineralogical Magazine $660.30 $779.22 17.0
12 Applied Clay Science $1027.20 $1541.00 14.9
13 Lithos $1426.67 $2140.00 14.6
14 Resource Geology $499.00 $573.00 12.3
15 Geochimica et Cosmochimica Acta $2460.27 $3690.00 11.1
16 Bulletin of Volcanology $2233.00 11.0
17 Journal of Metamorphic Geology $3224.00 10.6
18 Mineralium Deposita $2277.00 9.1
19 Earth and Planetary Science Letters $3576.54 $5365.00 9.0
20 Geophysical Journal International $2732.00 $3142.00 7.7
21 Chemical Geology $3620.27 $5430.00 6.9
22 Mineralogy and Petrology $1901.00 6.8
23 Neues Jahrbuch fur Mineralogie, Abhandlungen $628.10 6.5
24 Contributions to Mineralogy and Petrology $5542.00 6.2
25 Minerals Engineering $1348.27 $2023.00 6.0
26 Physics and Chemistry of Minerals $3561.00 53
27 Journal of Volcanology and Geothermal Research $2737.60 $4106.00 4.7
28 International Journal of Mineral Processing $1600.53 $2401.00 45
29 Petrology $2453.00 4.4
30 Physics and Chemistry of the Earth $2197.87 $3297.00 3.7
31 Journal of Volcanology and Seismology $1234.00 2.1
32 Geology of Ore Deposits $2425.00 1.5

only review articles must be separated from those that publish
new contributions, since reviews articles are more highly cited
(Seglen 1997a, 1997b; Moed 2010). With such separation, JIF
and total citations (the area under a citation distribution curve,
Figs. 7a and 7b), might then allow for a more useful perspective
on a journal’s actual influence. But even still, the citation poten-
tial of plagioclase feldspar is far greater than for benitoite (the
state mineral of California, found only in San Benito County). Is
a scientific work on benitoite intrinsically of lesser quality for that
reason? Might individual scientists suffer (not just in prestige,
but in tenure, promotion, or funding) for being fascinated by rare
minerals? Might a journal be at a disadvantage for publishing
such works, even if such are of exceptionally high quality?
Setting aside the citation potential of a given topic, even the
meaning of total citations is not entirely clear. Seglen (1997b)
has noted that citations are often selected from “utility” rather
than scientific quality. Those and other results led Seglen (1997b)
to conclude that “citation rates are determined by so many tech-
nical factors that pure scientific quality may be a very minor
influence.” Our work leads to similar conclusions, and should
give pause to anyone who, in judging a paper, author, journal or
discipline, substitutes a numerical score for human judgment.
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