|dentifying and benchmarking polar research
- bibliometric issues and implications

Abstract

This paper explores the challenge of identifying Antarctic polar research using conventional
keyword searches, and examines the way these approaches can be used for benchmarking the
bibliometric impact of polar research.

It reviews existing work to identify bibliometric methodologies for Antarctic research outputs,
and examines their effectiveness in extracting Antarctic-specific literature from the field of polar
research as a whole. It reviews keywords used, including geographical search terms, and
identifies issues that may affect metrics for countries with a strong bi-polar focus, as well as
measures taken to refine and constrain the search parameters in specific databases.

Secondly, this paper seeks to benchmark the current impact of Antarctic polar research against
global patterns in scientific research. It seeks to establish whether some observed changes in
citation patterns are specific to the field or part of a global trend, looking at the citation impact
historically compared to recent years.

Part 1 — bibliometric process

Review of past literature for search strategies

This paper builds on previous work presented to the Colloquy in 2016 (Gray 2023), 2018 (Gray
2019), and 2022 (Ager & Gray, in press). In each of those studies, a moderately complex search
string was used to identify Antarctic papers as those which explicitly mentioned Antarctica or
one of a set of relevant geographic keywords.

While it is widely agreed that a keyword-based search method is the most effective for finding
Antarctic papers, the exact keywords used can vary substantially.

The simplest is a keyword search for “Antarctic”/ “Antarctica”, or a stemmed term such as
“Antarctic*”. This approach was used by Dastidar (2007); Dudeney & Walton (2012); Kim & Jung
(2016); Gonzalez-Aravena et al (2021); and by Gray (2023). Aksnes & Hessen (2009) used
*antarct* (thus including sub- and peri- Antarctic research) as well as a number of specific
geographic keywords such as “Weddell Sea”, most notably including “south pole”, an issue
which will be discussed later. Ji et al (2014) used an “Antarctic*” search and manually screened
out false positives (such as papers on the yeast C. antarctica).

Stefenon et al (2013) and Fu & Ho (2016) searched for specific variants of “Antarctica”, likely to
generate similar results to using “Antarctic*”. Hua et al (2014) added a number of additional
geographic keywords, as well as station names; Zhang et al (2023) used a similar approach.

An “antarct*” search adding additional geographic terms and correcting for false positives was
used in Gray & Hughes (2016), as well as papers at the Colloquy in 2018 and 2022 (Gray 2019,



Ager & Gray, in press). This approach omitted “south pole” due to potential issues around false
positives.

Using a different approach, Jang et al (2020) used a two-step process, with an “Antarct*” search
to identify an initial set of papers, then generating a detailed list of several hundred relevant
keywords from those to bootstrap a second search. However, this approach may have issues
due to the way Web of Science keywords are assigned, as will be discussed later in this paper.

Keywords and Keywords Plus

These searches tend to use a combined search on title, abstract, and keywords. In Scopus, this
is labelled as such; in Web of Science, it is described as a Topic Search. Both databases,
however, include a range of material under “keywords”. In Web of Science, it is a combination of
the Author Keywords and Keywords Plus fields. The former are the keywords assigned by an
author or by a journal publisher. The latter was developed by Clarivate and has been a feature of
the Web of Science platform since 1991. Based on an algorithm, it takes words or phrases from
an article’s listed references and searches across disciplines for common references or
clusters of co-citation to create relevant subject index terms. It includes areas of overlap with
the results produced from searching the other fields within Topic Search, but expands upon it,
returning an increased number of — what should be - relevant results. In comparison to the
author keywords, Keywords Plus should provide a precis of the subject matter of the paper
concerned (Garfield, 1990). However, close examination shows that it has some issues which
can be particularly challenging when using geographic keywords. Below is an example record
returned by the Antarctic search:

Title: Isolation and characterization of marine psychrophilic phage-host systems from
Arctic seaice

Author keywords: marine bacteria; phages; psychrophilic; seaice

Keywords Plus: MICROBIAL COMMUNITIES; BACTERIAL PRODUCTION; SOUTHERN-
OCEAN; MCMURDO-SOUND; WEDDELL SEA; VIRUSES; ABUNDANCE;
BACTERIOPHAGE; ANTARCTICA; DYNAMICS

Based on the title and author keywords, we can see that this is clearly an Arctic paper. However,
in the Keywords Plus entry, it has been assigned four distinct terms indicating that it refers to
Antarctica (and, notably, has not been assigned any Arctic-specific terms).

Overall comparison of Keywords Plus results

Unless stated otherwise, figures given are for searches run on a full version of the Web of
Science Core Collection inclusive of all ten citation indices (Science; Social Sciences; Arts &
Humanities; Conference Proceedings Science; Conference Proceedings Social Science &
Humanities; Books Science; Books Social Sciences & Humanities; Emerging Sources; Current
Chemical Reactions; Index Chemicus).

In order to isolate the effect of the Keywords Plus (KP) search terms in the Topic Search (TS), it
was necessary to construct searches which only identified the Tl, AB, AK elements - title,
abstract, and author keywords. To ensure the searches were evaluated in the same way as the
TS search required a slightly complex format:



( (TI=(antarc*) OR AB=(antarc*) OR AK=(antarc*)) NOT (Tl=(candida OR "except
antarctica" OR "not antarctica" OR "other than Antarctica") OR AB=(candida OR "except
antarctica" OR "not antarctica" OR "other than Antarctica") OR AK=(candida OR "except
antarctica" OR "not antarctica" OR "other than Antarctica"))) OR (TI=("transantarctic"
OR "ross sea" OR "amundsen sea" OR "weddell sea" OR "southern ocean") OR
AB=("transantarctic" OR "ross sea" OR "amundsen sea" OR "weddell sea" OR "southern
ocean") OR AK=("transantarctic" OR "ross sea" OR "amundsen sea" OR "weddell sea"
OR "southern ocean"))

This was compared to a search for papers matching a KP element:

KP=((antarc* NOT (candida OR "except antarctica" OR "not antarctica" OR "other than
Antarctica")) OR "transantarctic" OR "ross sea" OR "amundsen sea" OR "weddell sea"
OR "southern ocean")

The two were combined with NOT in order to return papers that were only found using the KP
search. This returned 87822 papers for an overall TS search, 74964 for TI/AB/AK, 27936 for KP,
and 13083 solely matched by KP — around 15% of the original hits.

Reliability of Keywords Plus identification

136x randomly chosen papers were sampled from the KP-only set (around 1% of the total) and
assessed as to whether or not they were “Antarctic” papers, and would have been expected to
be returned by a search. The majority (75-80%) were clearly not, and only a small minority (10%)
were clearly Antarctic-related. The remainder (10-15%) were papers that were not particularly
Antarctic-focused but where it would not be surprising had a relevant keyword appeared in the
abstract — eg. space weather analysis using data gathered in Antarctica, or global climate
studies that touched on the Antarctic ice sheets.

Among the “clearly Antarctic” papers, there were a number that used Antarctic-relevant
keywords which was not in our initial search strategy, as well as several that discussed Antarctic
species. As an example, a 2019 paper dealing with the vulnerability of Emperor penguins at
Halley Bay to climate change was absent from the TI/AB/AK search, as it omitted any of the
larger geographical terms. “Emperor penguin” and “Halley Bay” are both unambiguously
Antarctic, but were not covered by the search. It was only identified through a “Ross Sea”
Keywords Plus entry —which was itself a false positive, as this paper was not studying the Ross
Sea area.

To illustrate the high level of non-relevancy produced by KP-only searches, VoS Viewer — a
software used for visualisations of bibliographic data — was used to create the cluster diagram
below. This shows groupings of author keywords extracted from the KP-only search papers.
Assuming that the author keywords from these papers are a more reasonable indicator of
subject matter than Keywords Plus, it seems significant that none of the terms featured are
specifically Antarctic-oriented.



& VOSviewer

-
radio-eche sounding
8

subglacial processes
ice shelve:
ce shelves,
subglacial hydrology

reenland ice sheet
greenla s s@e

radar
PR “99': ® diding
ice stream glaciers copper
ice shelf ice sheet Qareigs se2 e r.ng Vpi m.,gs
data assimil gre&nd cad‘um lidar d, | ]
similation . au’tl
(. glaciology S

satelliteggracking » memp‘ Jubiatls

l;loén.get\cs
diel vert:c‘.ngratlon

- ¥y e surval o
sea level rise C|| E \’ sexual diforphism
"o st |, T angeio
rodel edaluaion Prsutatm” sea surfaceﬁnpefatuw | 9 iretic. g

¢ polstene

F | B
climat@cdels. ® icegore™ mo*hng
L] .
@ climateariability b
* '@

" eddies
mesoscale eddigs

ES norvegica

Qh cryopresgrvation

eupha‘pacn‘ica
sedimentology ® '.

[ N an&re‘ protein
ocegh *ulation y TA— ; .ance
: e freeze tglerance
light ¥
exhu’;tw ligh freeging

s
transc.tomics

M ;ta‘ ity g

moleculagidynamics
- '-cr’omphyl.uorescepce
o higlc psych.:hlles
ts ¥
mobcula.hy\ogensf\ .ﬁlg.n @ e;x’el.phlles ‘40‘.'“‘\“%
= en e \
4 /] \ i
% ‘ 1 chan eria @ 1 S .
X ; \ / > ] [ i e ‘bioc Sis
e silia uvabsorbin&ompounds b\oren.:llanon b'l .‘
W, e enzyme imiobilization
mofazite 4 ‘ syst'g_ngs // _raars © '
detritalizircon 80 na- astro‘alogy caroténoids
taljz ; crel.u pahe cto!o% “EW‘U?S _ raman spggtroscopy
mlddl*rassm pw'logy micremeteorites
oliggtene
fossilwvood @

jut@ssic



The issue of decreased relevance for the Web of Science Topic Search is not a purely Antarctic
phenomenon. For example, a test using a series of Arctic keywords in Chinese publications,
using a TS versus TI/AB/AK search, identified that the TS search returned a large number of
Himalayan cryospheric papers which were given Arctic keywords.

Known Antarctic sources

Two groups of papers which were presumed to be Antarctic-focused were also assessed. The
first of these were papers in Antarctic Science, the only purely Antarctic-focused journal
currently indexed in Web of Science. Of the 2036 papers indexed in that journal, only 42 (2%)
were returned by a KP-only search. These papers were almost entirely dealing with Antarctic or
sub-Antarctic regions, with occasional papers looking outside the sub-Antarctic regions (eg. the
Falkland Islands).

The second source was papers published by the British Antarctic Survey (BAS). While BAS does
carry out and publish non-Antarctic research, its work is heavily focused in the area. Of 9920
BAS papers, 308 were returned by a KP-only search. Of these, there were two relevant
groupings, which could be roughly categorised as geographic — eg. Pine Island Glacier, Filchner-
Ronne Ice shelf, or biological — eg. Emperor penguins. Others were more broadly related to sub-
Antarctic, so would only be relevant in an expanded search. Arctic research also featured
strongly as did more generalised/global research impacts eg. global ocean circulation, climate
change modelling.

Comparison to Scopus

A comparison search was conducted using Scopus syntax (from Xavier et al 2018):

1. TITLE-ABS-KEY (antarct* OR "southern ocean" OR "ross sea" OR "amundsen sea" OR
"weddell sea" OR “transantarctic”) AND NOT TITLE-ABS-KEY ( candida OR "except
antarctica" OR "not antarctica")

2. TITLE (antarct* OR "southern ocean" OR "ross sea" OR "amundsen sea" OR "weddell
sea" OR "transantarctic" ) OR ABS ( antarct* OR "southern ocean" OR "ross sea" OR
"amundsen sea" OR "weddell sea" OR "transantarctic" ) OR AUTHKEY ( antarct* OR
"southern ocean" OR "ross sea" OR "amundsen sea" OR "weddell sea" OR
"transantarctic" ) AND NOT ( TITLE ( candida OR "except antarctica" OR "not antarctica" )
OR ABS ( candida OR "except antarctica" OR "not antarctica" ) OR AUTHKEY ( candida
OR "except antarctica" OR "not antarctica"))

3. INDEXTERMS (antarct* OR "southern ocean" OR "ross sea" OR "amundsen sea" OR
"weddell sea" OR "transantarctic" ) AND NOT INDEXTERMS ( candida OR "except
antarctica" OR "not antarctica")

On close examination, some similar results were encountered. The INDEXTERMS search
(keywords added by the indexers, not the authors) identified a number of papers which were
indexed as “Antarctica” but omitted from the TITLE/ABSTRACT/AUTHKEY search as they used a
more specific geographic term. It also identified a large number of sub-Antarctic papers
covering South Georgia, etc.

However, it also introduced a new set of false positives. Some papers were assigned the
Geobase geographic keyword “Antarctica” seemingly on the basis of it appearing in the
abstract, even if that was the phrase “all continents except Antarctica”. Another set of papers
were retrieved due to the Embase scientific terms indexing all species mentioned, and including
“X. antarctica” — the standard search tries to filter out Candida antarctica, but there is a long tail



of other species with similar suffixes. While many of these were first identified in Antarctica,
they are not endemic and searching for them would entail false positives.

Itis clear that the same generalissues which apply to Keywords Plus apply to Scopus index
terms — albeit for slightly different reasons. Any search strategy using Scopus would need to
consider these effects and potentially filter them out in the same way.

Analysis of individual terms

Examination of the papers identified by a Keywords Plus search but not by a TI/AB/AK one
suggested that many of the Antarctic-focused papers were using specific keywords identifying
them as Antarctic to the reader, which were not found in our search.

These broadly fell into three groups:

e First, explicitly Antarctic geographical keywords, such as station names or seas, not
listed in our research.

e Secondly, biological keywords for Antarctic endemic species — a paper studying
Emperor penguins might not see the need to note the continent.

e Thirdly, the special case of “South Pole” / “South Polar”, which usually indicated
Antarctic work but also included a significant number of astronomical or planetary
science papers. This required an additional negative element to correctly address.

Finally, these papers also highlighted ambiguities around the definition of “Antarctic”. The two
commonly used definitions are either to the Antarctic Treaty area (60S) or to the Antarctic
Convergence (the northern boundary of the Southern Ocean, varying between 45S and 60S
depending on sector). The broader definition would include some sub-Antarctic regions, such
as Kerguelen and South Georgia. Our initial search uses the phrase “southern ocean”, which
would lead towards a more expansive definition, but did not specifically include sub-Antarctic
as a keyword, or any of the named sub-Antarctic regions.

Geographic keywords

As a means of identifying potentially useful keywords, results from both Scopus and Web of
Science searches were checked for relevant articles that were identified solely by Index Terms
or Keywords Plus respectively. From this a list of potential geographic keywords were picked out
for testing, although this approach proved somewhat limited as most relevant results were
tagged with just the generic “Antarctic” keyword. As shown by the bar chart below, the addition
of each individual geographic term to the standard Web of Science TI/AB/AK search in most
cases only produced a limited number of additional results. With the possible exception of
Ross Ice Shelf, it was not considered that additional search terms contributed enough to the
overall number of the results to be worthwhile including in a metrics-based analysis.
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Biological keywords

A number of relevant results not picked up by the standard Antarctic search relate to Antarctic
biology — such as the Emperor penguin paper referred to above. To reduce this, a number of
sample terms specific to Antarctic fauna were tested. Emperor penguins and Adelie penguins
are both endemic to Antarctic, also Ross seals, which apart from some isolated sub-Antarctic
examples are generally only found in the Antarctic region. The bar chart below shows the
number of results gained by the individual inclusion of each term to the Antarctic search. It was
found that both the common and Latin name for each species were required as they weren’t
consistently used together — eg. Adelie penguin returned 104 results and Pygoscelis adeliae
141, whereas both terms added 185 results.
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Adding Emperor penguin to the search exposed another false positive, returning a significant
number of results related to an optimization algorithm (Emperor Penguin Optimizer or EPO)
which would need excluding from the results. Variant terms were identified and tested to check
if broadening the keywords eg. optimiz* would exclude too many legitimate papers. The revised
sub query constructed was as follows:

((TI="emperor penguin") OR AB=("emperor penguin") OR AK=("emperor penguin")) NOT
(TI=("optimi?er" OR "algorithm") OR AB=("optimi?er" OR "algorithm") OR AK=("optimi?er" OR
"algorithm"))

South Pole

The value of adding “South Pole” and “South Polar” to the standard Antarctic search was
studied separately to the exploration of geographic terms above. A baseline search of just these
two terms, as shown below, gained over 5335 results alone, of which around 77% were not
being picked up by the standard Antarctic search:

(TI=("south pole" OR "south polar") OR AB=("south pole" OR "south polar") OR
AK=("south pole" OR "south polar"))

However, as anticipated, these results included a high proportion of false positives consisting
mainly of other planetary bodies with poles, eg. lunar South Pole, Mars South Pole etc. The bar
chart below indicates how many results would be removed by adding each term individually to a
NOT clause eg. 681 from “moon” and 664 from “lunar”. However, this approach needs to be
weighed against the risk of excluding relevant results, such as research referring to mercury in
soils, for example. Also, many experiments use Antarctica’s remoteness to study the impacts of
working in isolated environments, as an analogue for space travel or future manned Mars
missions. Geographic features named for astronomers and their findings have resulted in place
names such as Mars Hills — although sample searches for some of these terms suggested they
did not feature in the literature to any significant extent.
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To achieve a more economical search structure, searches were run using “umbrella” terms to
capture the more granular terms within — eg. lunar OR moon would also remove all but 5 results
relating to the South Pole Aitken basin. Running a query using these combined planetary terms
removed 69% of the 5335 results from the South Pole baseline search and overall added around



3% to the standard Antarctic search (equating to over 2000 papers) — a reasonable-sized pool
that could be further spot-sampled for relevancy.
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A significant body of astronomical research is conducted at the South Pole, as evidenced by the
level of articles returned that refer to South Pole Telescope or the ICECUBE neutrino
observatory. It was considered that this could still reasonably be viewed as “Antarctic research”
as itis carried out in Antarctica, managed by Antarctic agencies, and involves significant effort
and investment in Antarctic infrastructure. However, it may be desirable to remove this type of
research if focussing on the Antarctic environment itself. If so, the best approach would be to
add a broader set of astronomical keywords to the filter to remove these papers, or consider
filtering out all research identified as astronomy, such as by using a Web of Science category
filter WC=("astronomy")).

Recommended search strategy for Antarctic papers

This leads us to three recommendations for search strategies.
Firstly, we recommend the use of a larger set of Antarctic-related keywords.

Secondly, we recommend that complex keyword search strategies for Antarctic-related papers,
particularly for overall statistical/bibliometric analysis, only use the Title, Abstract, and
Author Keywords fields, and where possible avoid the Keywords Plus / Indexed Terms / etc
fields. This unfortunately requires a more complex search, but significantly reduces false
positives.

Thirdly, we recommend making an explicit and clear decision on what definition should be
used for “Antarctic-related”. This has two aspects: the geographic space and the orientation
of the work. Defining the geographic space means reaching a decision on whether work done at
South Georgia or in the other sub-Antarctic islands should be considered as “Antarctic”
research; this may depend heavily on the context and purpose of the enquiry. Applying the
“Southern Ocean” keyword may inevitably mean that a narrow search contains some of these
results in any case, but omitting it would lead to a large amount of unambiguously Antarctic



papers being lost. If the sub-Antarctic islands are intentionally included, this may involve adding
more geographical keywords as well as more for endemic species.

Considering the orientation of the work brings in the question of work performed in the Antarctic
regions that is not actually studying those regions — it is merely more practical to carry out the
research there. The most significant element here is astronomical, and we saw that a keyword
search for “South Pole” inevitably brought in a large amount of work carried out by the South
Pole Telescope, ICECUBE, and other observatories based at the Pole. We would recommend
that either these are explicitly excluded (a search for South Pole keywords with planetary and
telescope keywords removed) or that they are included (South Pole keywords with only
planetary keywords removed). Again, this will depend on the context and purpose of the
enquiry. A study looking at “scientific activity in Antarctica”, for example, would probably wish to
consider these as indicators of work done there; a study on the development of “polar research”
might not.

( ( TI=(antarc*) OR AB=(antarc*) OR AK=(antarc*) ) NOT ( TI=(candida
OR "except antarctica" OR "not antarctica" OR "other than
Antarctica") OR AB=(candida OR "except antarctica" OR "not
antarctica" OR "other than Antarctica") OR AK=(candida OR "except
antarctica"™ OR "not antarctica" OR "other than Antarctica") ) )

OR ( ( TI=("transantarctic" OR "ross sea" OR "amundsen sea" OR
"weddell sea" OR "southern ocean" OR "bransfield strait" OR
"bellingshausen sea" OR "mcmurdo sound" OR "ross ice shelf" OR
"adelie penguin" OR "pygoscelis adeliae" OR "aptenodytes forsteri")
OR AB=("transantarctic" OR "ross sea" OR "amundsen sea" OR "weddell
sea”™ OR "southern ocean" OR "bransfield strait" OR "bellingshausen
sea”" OR "mcmurdo sound" OR "ross ice shelf" OR "adelie penguin" OR
"pygoscelis adeliae" OR "aptenodytes forsteri") OR
AK=("transantarctic" OR "ross sea" OR "amundsen sea" OR "weddell
sea”™ OR "southern ocean" OR "bransfield strait" OR "bellingshausen
sea" OR "mcmurdo sound" OR "ross ice shelf" OR "adelie penguin” OR
"pygoscelis adeliae" OR "aptenodytes forsteri™) ) )

OR ( ( TI=("emperor penguin") OR AB=("emperor penguin") OR

AK= ("emperor penguin'") ) NOT ( TI=("optimi?er" OR "algorithm") OR
AB=("optimi?er" OR "algorithm") OR AK=("optimi?er" OR "algorithm") )
)

OR ( ( TI=("south pole" OR "south polar") OR AB=("south pole" OR
"south polar") OR AK=("south pole" OR "south polar") ) NOT (
TI=("lunar" OR "moon" OR "mars" OR "martian" OR "enceladus" OR

"titan" OR "jupiter" OR "venus" OR "neptune" OR "saturn" OR "vesta")
OR AB=("lunar" OR "moon" OR "mars" OR "martian" OR "enceladus" OR
"titan" OR "jupiter" OR "venus" OR "neptune" OR "saturn" OR "vesta")
OR AK=("lunar" OR "moon" OR "mars" OR "martian" OR "enceladus" OR
"titan" OR "jupiter" OR "venus" OR "neptune" OR "saturn" OR "vesta")

) )

The second recommendation is most significant for statistical and bibliometric analysis. For
individual literature searching, etc, the false positives are less concerning as it will be
straightforward to filter these out by manual review. In addition, some of the complex negative



elements (eg. candida, planetary south poles) could be omitted if a manual review will be taking
place. However, for a large scale or statistical analysis, where manual review is not practical,
the use of these keywords can potentially lead to significant numbers of false positives
appearing in the totals. As such, removing the negative elements which screen out the false
positives is risky unless the results are being individually examined.

While we have not looked at searches for the Arctic, it is quite likely that similar issues apply to
the use of geographic keywords — papers being incorrectly identified through overclassification.
We would encourage users writing search strategies for statistical purposes to consider the
effects of Title, Abstract, and Author Keywords only searches rather than more expansive Topic
ones.

Part 2 — the impact of Antarctic research

Patterns in impact of Antarctic research

The data provided within this section largely builds on what has been presented previously with
relation to the profile of Antarctic papers and the bibliometric patterns of Antarctic research
worldwide (Ager & Gray, in press). The publications assessed here are those matching the final
Web of Science search described above, filtered to only articles, reviews, conference papers
and data papers, and matched into the InCites dataset.

Total output

In terms of annual output of Antarctic papers, total volume continues to rise, at a rate of around
5% peryear from 2008 to 2021. The peak of 2021, as shown in the graph below, is found
consistently across global research and is not particular to Antarctic science (Ahrabiran et al
2024). Itis primarily a result of publishing patterns connected with the pandemic, exacerbated
by a change to the way early access papers are accounted for in Web of Science that causes an
artificial boost in 2021 (Clarivate 2022).
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Subject areas

In terms of activity by subject area, OECD classifications have been used to show the
distribution of papers across the six main OECD groupings. Note, unlike Web of Science
categories, papers are only assigned to one main category within the OECD schema. Most
Antarctic research falls under the broad categorisation of Natural Sciences —an average of 81%
for the period - followed by Engineering (9%), Agriculture — namely, fisheries research (4%),
Medicine (2.5%), Social Sciences (2.2%), with a negligible amount remaining defined as
Humanities. The split of these categories would appear to be relatively stable with little
evidence of variation across the years. A breakdown of the subjects within these five main
groupings is provided in the Appendix.

Share of papers in OECD groups
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Author numbers

The graph below indicates a rise in the average number of authors per paper, which is consistent
with international trends across a range of disciplines (eg. Jakab et al 2024). As indicated in the
bar-chart below, there has been a fall in single-author papers (10% to 4%) and papers with 2-5
authors (66% to 50%). Conversely, significant rises in papers with 6-10 and 11-20 authors (20%
to 37%; 2% to 9%) —ie. the medium-long author lists are increasing. However, there is little
significant change in the small proportion of papers with very large numbers of authors, which
follows a similar pattern to that reported previously.

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
—mean authors —mean affiliations
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International collaboration

International cooperation is a key criterion of the Antarctic Treaty and collaborations on
scientific papers can be used as a measure of this. Country data are recorded in the author
affiliation field in Web of Science and multiple-author papers with at least two affiliated
countries are termed an international collaboration. As shown below, there is a little variation
over the period but no significant increase, however, the number of domestic-only papers
seems to be increasing. Domestic-only excludes single-author papers and are defined as
papers with at least one other same-country affiliation. The share of non-collaborative papers -
those with only one author or from only one institution — continues to diminish steadily.
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Open Access

Open Access to Antarctic research increasing and as of 2023 sits at about 70% globally. To note,
the graph below includes retrospective open access, not just papers that have been made
openly and freely available at point of publication —it indicates the percentage of papers that
are freely available as of 2024. The effective open access rates differ significantly between
individual countries, as a major driver for this has been local government policy and funder
mandates, leading to a high level of local variation.
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Global impact patterns

The citation impact of Antarctic papers was calculated using InCites Category Normalised
Citation Impact (CNCI). The CNCI measure compares each paper to a reference set of
comparable papers of the same age, publication type, and subject area; a CNCI value of 1
would indicate the group had the same normalised citation rate as the world average. The data
used here includes Web of Science content indexed through to 31 March 2024.

It can be observed that there was an overall decline in average CNCI for the Antarctic pool of
papers with a discernible dip in 2022. This pattern is also shown in the Web of Science highly
cited categories.
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It has proved difficult to identify the drivers of this decline. As shown in the breakdown of papers
by subject category, there has not been any significant alteration to how Antarctic research has
been categorised that might significantly alter CNCI. We have seen in earlier work (Ager & Gray,
in press) that the pattern is consistent in both Arctic and Antarctic papers; itis apparently a
pattern of polar science at large. The distribution of papers among CNCI bands remains
reasonably consistent year on year.

Itis unlikely to be purely an artefact of how papers are classified, but this may have some effect;
CNCl is defined by reference to a group of papers in the same subject. The default schema
classifies subjects into 250x categories by journal, but the “highly cited papers” metric uses a
simplified set of 22 broader subject categories and, as can be seen, closely tracks the standard
top 1% metric. Assessing it on the basis of the more granular Citation Micro Topics (2449x
groupings assigned by citation clustering) gives a CNCI decline from 1.25t0 1.13 —the trend is
the same, but the decline itself is less dramatic.

Itis possible that the effect is linked to the dominance of particular subjects. In the Web of
Science schema, the largest single category (Geosciences, Multidisciplinary) includes 27.6% of
the total papers, and the top five categories 61.3% collectively. In the ESI schema used for
highly cited papers, the largest category (Geosciences) includes 50.5% of papers. The overall
CNCI patterns closely track that for the geosciences categories. Conversely, in the Citation
Topics schema, the largest grouping (8.19.668 Glacier) includes just 12.9% of papers and the
top five topics represent 36.7%. Citation underperformance in one particular area will thus have
a less dramatic effect.

Itis likely that there is no single explanation for this shift, and it is driven by a combination of
various factors, some of which are not immediately obvious.

Discussion and analysis

Creating areliable dataset is crucial for carrying out bibliometrics-based studies on Antarctic
research. As shown in the first part of this paper, the Keywords Plus feature — part of the Web of
Science Topic Search —is not recommended for this purpose as it will also identify Arctic papers
as relevant. However, this can be avoided by using a more precise field search structure limited



to Title, Abstract and Author Keywords only — and vice versa, with the same method used for
bibliometric research on Arctic papers.

Designing an expanded Antarctic search has highlighted issues with false positives, and shows
the complexity involved in establishing what exactly constitutes “Antarctic” science, and what
should be included (or excluded) as relevant. This is particularly an issue if expanding the
search further to include sub-Antarctic areas.

It also highlights the tension between research “on Antarctica” — which may now be done by
analysing third-party data, or from satellite observations, without leaving an office in the
northern hemisphere —and research “in Antarctica”, which may be done there for practical
reasons but have a completely different focus —for example, the astronomical observations
carried out at the South Pole. Traditionally, we would assume “Antarctic research” fulfilled both
criteria; whether we should include work that only fulfils one is a more subjective question and
it is challenging to provide an unambiguous answer for all cases.

The second part of the paper updates data presented in earlier PLC papers. The long-term
trends continue — an increase in author numbers, an increase in open access rates —though the
long-term increase in numbers may have stalled somewhat after 2021. It will remain to be seen
if this is a long-term shift or just a temporary anomaly after the pandemic.

The most interesting factor, however, is the continued decline in relative citation impact rates.
This has been noted before — as has a corresponding decline amongst Arctic papers — but
without any clear explanation for why this is the case. We have suggested some potential
explanations for why this might be the case, but this will need further and more in-depth
examination to determine which - if any — of those factors are having a noticeable impact, and
how they interact.
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Appendix

Share of papers — natural sciences (81%)
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