Mapping the Landscape of Space Sciences in Latin
America: a Bibliometric Study of Productivity and
Collaboration in Mexico, Brazil, Argentina and
Chile

A. Nicolas-Pablo', D. Maravilla®*,
J. L. Olivares-Vazquez®, G. Herrera®

(ORCID: 0000-0002-3570-4433; 0000-0002-3088-7330; 0000-0002-7141-0715; 0000-0001-7465-4750)

'Direccién General de Divulgacion de la Ciencia, Universidad Nacional
Auténoma de Mexico, Circuito Exterior, Ciudad Universitaria, 04510,
X CDMX, Mexico.

Z|nstituto de Geofisica, Universidad Nacional Auténoma de México,
Circuito Exterior, Ciudad Universitaria, 04510, CDMX, Mexico.
3Unidad Académica en Estudios del Desarrollo, Universidad Auténoma
de Zacatecas, Av. Preparatoria Hidraulica, Zacatecas, 98066, Zacatecas,
Mexico.

*Corresponding author. E-mail(s): dmaravil@igeofisica.unam.mx;
Contributing authors: anicolas@dgdc.unam.mx; jlolivares@prodigy.net.mx; ghz@igeofisica.unam.mx

Abstract

This paper presents a regional bibliometric study of space sciences in Latin
America. The research is conducted in solar physics, magnetospheric physics,
physics of solar-terrestrial relationships, cosmic ray physics, and planetary physics,
over a 20-years period from 2001 to 2020. The Latin American countries where
research is carried out in these areas of knowledge are Brazil, Chile, Argentina,
and Mexico.

The results show that Chile has more collaborative networks abroad, as its
productivity is considerable in solar physics, solar-terrestrial relationships, and
planetary physics; Brazil has been consistent in the number of publications and

authors per document in the areas of solar physics and magnetospheric physics
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and, Argentina collaborates mainly with Brazil in planetary physics. The results
also show that the National Autonomous University of Mexico (UNAM) is the
leading institution in Mexico conducting research in the field of space sciences.
According to the values obtained from the bibliometric parameters, the productivity
of the Mexican research group dedicated to space sciences at the Institute of
Geophysics of the UNAM has not increased, at least in the last twenty years.

At regional level, the countries under study have had a deficient scientific
development in the five areas of knowledge analyzed, despite the formation of
scientific societies and the organization of conferences, seminars, and courses to

create working groups and international collaboration networks.

Resumen

En este trabajo se presenta un estudio bibliométrico de las ciencias espaciales en
Latinoamérica con base en los paises que realizan investigacion en fisica solar,
fisica magnetosférica, fisica de las relaciones sol-tierra, fisica de rayos cosmicos y
fisica planetaria. El estudio se realizé en un periodo de 20 afios (de 2001 a 2020) y
los paises identificados para llevar a cabo el analisis regional, fueron Brasil, Chile,
Argentina y México. Los resultados muestran que Chile tiene mas redes de
colaboracion en el extranjero ya que su productividad es considerable en fisica
solar, relaciones sol tierra y fisica planetaria, mientras que Brasil ha sido constante
en el numero de publicaciones, asi como de autores por documento, en las areas
de fisica solar y fisica magnetosférica.

De acuerdo con los valores obtenidos de los parametros bibliométricos, la
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productividad del grupo de investigadores dedicado a las ciencias espaciales en el
Instituto de Geofisica de la Universidad Nacional Autonoma de México (UNAM-
siglas en espafiol), no ha crecido, al menos, en los ultimos veinte afos siendo la
UNAM, la institucion mas importante en México, donde se realiza investigacion, en
el campo de las ciencias espaciales.

A nivel regional, los paises latinoamericanos bajo estudio, han tenido un desarrollo
cientifico deficiente en las cinco areas del conocimiento analizadas, a pesar de
que se han hecho grandes esfuerzos para contribuir a la integracion de América
Latina en estas areas tematicas, a través de la formacion de sociedades
cientificas, de la organizacion de congresos y seminarios asi como de la
imparticion de cursos para crear grupos de trabajo y redes de colaboracion

internacional.
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1. Introduction

Space sciences encompass a broad spectrum of research areas, including solar
physics, cosmic rays physics, magnetospheric physics, solar-terrestrial
relationships physics, and planetary physics. These disciplines play a crucial role in

understanding the physical processes governing the interactions between the Sun,
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the Earth, the interplanetary medium, planetary magnetospheres, and cosmic rays.
Their relevance extends beyond fundamental research, influencing geophysical
applications, space weather forecasting, and planetary exploration. Scientific
advances in these fields have been closely linked to major space missions and
observational programs, fostering the development of high-impact research.
Research in the field of space sciences in Mexico, first emerged in the 1970s with
the creation of the Space Physics research department, in the Geophysics Institute
at the National Autonomous University of Mexico (UNAM — acronym in Spanish).
The first area in which research activities began was cosmic ray physics. By the
1980s, two new research areas were integrated into the institute’s activities: solar
physics and the physics of solar-terrestrial relationships and by the 1990s, two new
areas were added to the existing ones: magnetospheric physics and planetary
physics.

As a result of these areas, various scientific articles have been published on the
Sun, planetary ionospheres, the interplanetary medium, magnetospheric dynamics,
dust dynamics in planetary rings, planetary atmospheres, cosmic rays, meteoroid
dynamics; modulation of terrestrial weather by solar influence, and heliospheric
physics, among other topics. Furthermore, these research areas have been closely
linked to the space discoveries done by various space missions in the Solar
System, which has allowed for the publication of results related to frontier
problems.

These five areas of research in space sciences have been developed, to a greater
or lesser extent, in some Latin American countries, and one of the useful tools to

measure this progress is bibliometrics.

Articulo en prensa/Article in prees



Bibliometric studies are increasingly used to characterize the scientific activity of
countries, disciplines, institutions or individuals and despite all its limitations they
are now routinely used in the evaluation of science performance (Hicks et al.,
2015).

On the other hand, bibliometric studies are important because they allow us to
generate an overview of the development of scientific research in different
contexts. Several countries have carried it out to find out the level of development
of their nations in different fields of research. This is the case of India, which used
the tools offered by bibliometrics to understand the structure, dynamics, and
development of research in this country and thus develop public policies that
support or strengthen the areas of opportunity detected in these analyses (Ministry
of Earth Science, Government of India, 2017) or the United Kingdom, that carried
out a bibliometric analysis of the results obtained by the British space agency with
the funding granted to it (UK Space Agency, 2021). The European Space Agency
(ESA) has resorted to these analysis techniques and has also been carried out by
region, as is the case of the Association of Southeast Asian Nations (ASEAN),
made up of ten nations that focuses on studying the patterns of scientific
collaboration and funding (Koh, 2007; Lee, 2007; Oldac and Yang, 2023). With this
background and given the importance of knowing the role of Mexico in scientific
research in the area of space sciences, a bibliometric analysis was carried out to
obtain an overview of the behavior of this branch of science and compare it with
the most relevant countries in Latin America, taking into account that, bibliometrics
is supported on indicators, which represent indexes or calculations whose main

function is to provide quantitative and objective information about scientific activity.
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(Gauthier, 1998; Hood & Wilson, 2001; Andersen et al., 2006; Davila, 2009;
Salinas- Rios, 2022).

The ever-growing use of bibliometric indicators for assessing quality and impacts of
research has been described as a "Metric Tide” (Martin and Irvine, 1983; Donovan,
2007; Ovseiko et al., 2012; Lee et al., 2013; van Raan, 2003; Newman, 2004;
Hirsch, 2005; Gonzalez-Alcaide, 2008; Martin, 2011; Knight, 2012; Cronin and
Sigimoto, 2014; Wilsdon et al., 2015; Wouters et al., 2015). According to Lariviére
(2012), the tide began around 2010. It soon reached Latin America, where science
evaluation using indicators such as citations, journal impact factors or h-indices
has taken the region up into the bibliometric bandwagon, or some years now (Hood
& Wilson, 2001; Moed, 2005; Norris & Oppenheim, 2010; Jonkers and Derrick,
2012).

At the same time, bibliometric indicators are also used in the evaluation of
institutions, academic programs and grants (Arocena & Sutz, 2001; Buendia
Espinosa et al., 2017; Fontes et al., 2020). Scientists themselves use it for a
variety of reasons, among them to study the performance of their journals or
communities (Bornmann & Daniel, 2005; Weirngart, 2005; Bar-llan, 2008; Jonkers
and Derrick, 2012; Bornmann et al., 2014, Ellegard, 2018).

Latin America has experienced significant growth in space sciences research over
the past decades, with Mexico, Brazil, Argentina, and Chile emerging as key
contributors. Despite this progress, several challenges remain, including funding
constraints, uneven research infrastructure, and limited access to international
collaborations. A comparative analysis of research productivity, collaboration

networks, and institutional participation across Latin America can provide valuable
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insights into how to enhance space sciences research in Mexico.

Despite the increasing use of bibliometric tools, comprehensive studies on space
sciences in Latin America remain scarce. Previous bibliometric analyses in the
region have often focused on broader categories such as astronomy and
astrophysics, without differentiating between "near-space” sciences (studied by
geophysicists) and deep space sciences (primarily investigated by astronomers
and astrophysicists) (Stankus, 1996). This distinction is critical since Web of
Science (WoS) groups all space sciences under "Astronomy and Astrophysics”,
potentially overlooking the contributions of geophysical research.

This study seeks to address this gap by providing an in-depth bibliometric analysis
of scientific output in space sciences in Latin America, identifying research trends,
collaboration patterns, and institutional contributions.

The paper is structured as follows: Section 2 presents the methodology used to
conduct the bibliometric study in the five areas of space sciences (solar physics,
magnetospheric physics, physics of solar-terrestrial relationships, cosmic ray
physics, and planetary physics) in Latin America. Section 3 presents the results by
area. For each one, a table is presented showing the most relevant parameters
obtained from the bibliometric analysis as well as the results related to the
authorship, the documents, and the knowledge structures analysis (conceptual,
intellectual, and social). Section 4 contains the discussion and conclusions are at

the end of the paper.

2. Methodology
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Based on the selected research lines: solar physics, cosmic rays physics,
magnetospheric physics, solar-terrestrial relationships, and planetary physics
developed in the Space Risks Section and in the Department of Space Sciences of
the Institute of Geophysics of the UNAM, the search topics for this work were
determined as it is shown in Table 1.

Initially, it was considered to use both Scopus and Web of Science (WoS) were
considered as potential sources for building the bibliometric database. However,
WoS was ultimately selected because it offers comprehensive coverage and
provides richer metadata, allowing for a more robust and detailed analysis. For all
research areas, the search queries were selected considering four criteria:
publication period (20 years), country (Table 2), topics (Table 1), and the WoS
category (Astronomy & Astrophysics).

Subsequently, in order to know if all Latin American countries do research on
space sciences, specifically in the five research areas mentioned above, it was
necessary to look for the publications number, country by country, during the
chosen publication period for this analysis, from 2001 to 2020 (20 years).

In Table 2 the search results for Bolivia, Colombia, Costa Rica, Cuba, Dominican
Republic, Ecuador, El Salvador, French Guiana, Guadeloupe, Guatemala, Haiti,
Honduras, Martinique, Nicaragua, Panama, Paraguay, Peru, Puerto Rico, Saint
Barthélemy, Saint Martin, Uruguay, Venezuela, Mexico, Brazil, Chile, and
Argentina, are presented for each research line for the WoS Astronomy &

Astrophysics category.
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From Table 2, Argentina, Brazil, Chile, and Mexico present the largest number of
publications respect to the rest of Latin-America countries, that represent only the
6% of the total of publications, in the 20 years period.

For this reason, only these four countries were selected to perform the Bibliometric
study.

The topics listed in Table 1 were defined generically, and the queries were
established within the WoS Astronomy & Astrophysics category. Based on both
parameters, the queries were established, and from these, the first databases were
obtained, which were downloaded from the WoS website in BibTex format for their
subsequent analysis in Bibliometrix (Aria and Cuccurullo, 2017).

The resulting databases were very numerous, so it was necessary to refine them
because they contained topics of no relevance to the purpose of this work. In the
first two lines of research (solar physics and magnetospheric physics), the search
was performed through an initial analysis of the database in RStudio using the
bibliometrix library, yielding various results. One of them was a list of 50 keywords
contained in the database under study. From this list, terms that were not
representative of the topic of interest, were selected and discard and a new search
was subsequently performed. In this way, the definitive databases for solar physics
and magnetospheric physics were obtained for Argentina, Brazil, Chile, and Mexico
respectively.

For the other three lines of research (solar-terrestrial relationships, cosmic rays
physics and planetary physics), more specific concepts were used, since each
research line of study is very broad. Therefore, the topics shown in Table 1 were

proposed, based on definitions from specialized texts on these areas of knowledge
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(Tarbuck and Lutgens, 2005; Lubken, 2012). The last three topic sections in Table
1 were refined using WoS tools, that is, through the analysis of macro, meso, and
micro-topics.

Because of using only the authors keywords was not sufficient to obtain results that
reflected the work of space sciences, since there were many terms related to
stellar physics, galaxies, and cosmology. All these terms were eliminated because
they were not the subject of study in this work. As a consequence of this, it was
possible to perform a more in-depth refinement and the search was narrowed
down to the topics of cosmic rays, planetary physics, and solar-terrestrial
relationships. During the refinement, the search was directed to ensure that the
meso- and micro-topics were related to space sciences, excluding, to the extent
possible, topics related to astrophysics.

Once the final databases were available, their analysis began using the
Bibliometrix tool (Aria and Cuccurullo, 2017). The drawback of Blibliometrix is that
the display of results is not as clear as in the Biblioshiny application, which
provides a web interface for Bibliometrix.

Biblioshiny allows the results to be viewed through a variety of maps, whose
parameters can be easily modified. Furthermore, more complex mappings and
networks can be created, which is why this tool was chosen (Moral-Mufioz, 2020).
The disadvantage is that, when generating a result, the parameters are not saved,
so they must be set from the beginning to avoid unwanted changes, so in this
case, the default values were used.

Using Biblioshiny, information was obtained on three levels of database analysis:

authors, sources, and documents. Several elements are derived from these, which
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are described in Table 3. Subsequently, an analysis was conducted according to
three knowledge structures: conceptual, intellectual, and social and, they are
explained in Table 4. The conceptual structure represents the relationship between
concepts or words used in the database's publications. The intellectual structure
shows how different authors cite each other or how they manage references. The
social structure represents how authors collaborate. Tables 3 and 4 show the
Biblioshiny categories used for this study. In the case of source analysis, although
results were obtained for each query in the four countries analyzed, the results
were found to be highly similar. Since they are not of major relevance to this study,

it was decided not to display them in the results section.

Limitations

For each line of research, 14 elements (plots, maps and networks) were generated
but, due to the large amount of information obtained, only the most representative
results are shown in this paper. A more complete overview will be found in Aleidi
Nicolas Pablo's MhD. thesis (in progress).

Furthermore, the purpose of this article is to show a regional overview of space
sciences research in Latin America, focusing on Mexico, Brazil, Chile, and
Argentina. Therefore, a more detailed analysis of sources and authors could be the
subject of another article since the information is extensive and cannot be fully

covered in a single paper.
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3. Results

In this section, the bibliometric results obtained for Brazil, Argentina, Chile and

Mexico are presented, based on the following structure,

a) Table with relevant parameters (number of documents analyzed, annual
growth percentage, number of co-authors per document, and international
co-authorship percentage).

b) Authorship analysis (most productive authors over time, production by
affiliations and Multiple Country Publications (MCP))

c) Documental analysis (keyword clouds)

d) Analysis per structures of knowledge (conceptual, intellectual and social).

All results are presented sequentially (from a) to d)), according to the relevant
parameters of the five research lines: solar physics, magnetospheric physics,
cosmic rays physics, solar-terrestrial relationships, and planetary physics. Only
tables and figures more representatives are shown in this paper, because of the

large amount of information.

3.1 Solar Physics

3.1.1 Table with relevant parameters

In table 5, it is possible to see that Mexico has the lowest rate of decrease, while

Chile has the highest rate of growth.
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3.1.2 Authorship analysis

This analysis shows that Brazil has a very large number of authors who have
carried out constant scientific work in solar physics, followed by Argentina. Mexico
does not show any growth in the analysis period (20 years), while Chile has not
been very productive in this research area, in recent years. Figures 1, 2, 3 and 4
show the temporal author’s production from the four countries analyzed.

The production by affiliation indicates that there is a parallel behavior between
Argentina, Chile, and Brazil, while the dominant affiliation in Mexico is UNAM.
Respect to Multiple Country Publications (MPC), Mexico has the lowest weighting

percentage (MPC) whereas Chile has the highest one.

3.1.3 Documental analysis

This analysis shows the most frequently used terms in the titles, abstracts, and
keywords of the publications studied in this paper. These concepts were solar and

model as it is seen in Figure 5, according to the Keywords analysis.

The results indicate that the term, model is a highly representative term for
Argentina, Brazil and Mexico, while for Chile, the terms photometry and
spectroscopy are more relevant in the documents analyzed. A possible explanation
related to this result is that Chile does more observational research since this
country has a large number of astronomical observatories where many researchers

work.

3.1.4 Analysis per structures of knowledge
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The results of this subsection are shown in Table 6, which contains the results for

the conceptual, intellectual, and social aspects.

3.2 Cosmic Rays physics

3.2.1 Table with relevant parameters

Table 7 contains the relevant parameters for cosmic rays physics. In this table is
observed that Argentina has not any growth and Chile has a very small database in
the 20 years period. At the same time, Brazil and Mexico have lower annual

development than Chile.

3.2.2 Authorship analysis

This analysis shows that Brazil and Mexico continuously published in the 20 years
period while Brazil had a low productivity as well as Argentina. In particular,
Argentina had a small number of citations while Mexico shows a relevant result
because it had a group of authors with highly cited articles, in 2018.

The productivity by affiliation indicates that Argentina, Brazil, and Chile present
similarities in their different institutions, whereas the UNAM has the highest number
of publications in Mexico. Table 8 shows the most relevant affiliations for cosmic
rays physics in each country analyzed.

The results for MCP show that United States had the highest number of articles
with at least, one author of a different nationality from that of the corresponding
author.

On the other hand, Argentina presented the lowest weighting percentage while
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Chile had the highest one (100%), (Table 7). However, this result should be taken

with caution because Chile has a very small database.

3.2.3 Documental analysis

The keywords analysis indicates that Mexico has a limited number of terms,
whereas the other countries present a wide variety of them. In particular, Chile has
an important connection with the term, galaxies but almost none, with the Solar

System terms (Figure 5).

3.2.4 Analysis per structures of knowledge

The knowledge structures for cosmic rays physics are shown in Table 9 and the
word co-occurrence network in this field is presented in Figure 6. The colors of
the word co-occurrence network represent the clusters to which each word
belongs. The size of a node in the network represents the number of times the
term appears in the documents analyzed. The size of an edge represents the
number of times the two words linked by the edge appear in a document, for all the
documents. Each cluster can be seen as a topic. The words in this network come
from author keywords, Keywords Plus, or terms extracted from titles and abstracts

in a document.

3.3 Magnetospheric physics
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3.3.1 Table with relevant parameters

The relevant parameters appear in Table 10. This table shows that Brazil has the
largest database, while Argentina has the highest annual growth rate respect to the
other countries. In these countries, the co-authorship per document fluctuates

between 6 and 7 authors, and most co-authors are foreigners.

3.3.2 Authorship analysis

The results obtained from this analysis show that Brazil has some authors whose
productivity has been consistent throughout the 20 years period. Argentina shows
a period of increased productivity between 2008 and 2013, whereas productivity in
Chile began to increase from 2015 to the present. In Mexico, there has not been
any development in this area of knowledge.

The affiliations analysis shows that Argentina, Brazil, and Chile contribute
significantly to each other, while in Mexico, UNAM is the main affiliation. Another
important result is that Mexico does not participate significantly in magnetospheric
physics research with other countries, which is reflected in a very low weighting

percentage of MCP.

3.3.3 Documental analysis

According to the keyword analysis, there is a weak relationship between keywords
and search topics in Mexico (Table 1); while in Brazil and Argentina, there is a
strong relationship between them (Table 1). In the case of Chile, there is a

connection with terms related to stellar physics, which are not part of this study and
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were not included in this paper.

3.3.4 Analysis per structures of knowledge

In this subsection the knowledge structures for magnetospheric physics are shown
in Table 11. Figures 7, 8, 9 and 10 show the thematic map for the analyzed
countries and the collaboration network of this research field is shown in Figures
11, 12, 13 and 14 respectively.

In Figures 7, 8, 9 and 10, each bubble represents a network cluster. The bubble
names are words, belonging in the cluster, with the higher occurrence value. The
bubble size is proportional to the cluster word occurrences. The bubble horizontal
position is set according to the cluster Callon centrality and the vertical position to
the Callon density. The Callon centrality measures how strongly a cluster of
keywords is connected to other clusters. It represents the importance or relevance
of a theme within the overall research field. The Callon density measures the
internal cohesion of a cluster, how strongly the keywords within the same cluster
are connected to each other (or the development degree) (Callon et al., 1991,

1983).

3.4 Solar-terrestrial relationships

3.4.1 Table with relevant parameters

In this area, the relevant parameters appear in Table 12 where it is observed that

Mexico has the lowest annual growth rate respect to the other countries as well as,
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the lowest percentage of international collaboration. Compared to the others
countries, Chile stands out as the country with the biggest growth in this field, the
largest number of co-authors per document, and a high rate of international co-

authorship.

3.4.2 Authorship analysis

The productivity analysis by authors shows that Brazil is the country with the
highest productivity, but with rarely cited works whereas Argentina has a small
group of relevant authors and Mexican authors have little relevance in this field.
Chile does not present continuous lines of work in the 20 years period; probably
because of it is a field of emerging development in this country.

The production by affiliations has a similar behavior in Mexico and Brazil and they
have a dominant institution that leads the productivity. In contrast, there is greater
participation among several institutions that contribute to their productivity in
Argentina and Chile.

The results related to the MCP indicate that Mexico has the lowest weighting
percentage and the published articles have at least, one foreign author who is not
the corresponding author. In Chile, although the weighting percentage of MCPs is
significant from the statistical point of view, the authors of most publications are
affiliated to United States institutions.

Table 13 shows the most relevant countries by corresponding author in the field of

solar-terrestrial relationships for the countries analyzed.
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3.4.3 Documental analysis
The analysis of keywords indicates that the terms evolution and variability are
related to events of solar-terrestrial relationships however, concepts related to

solar activity are also appreciated.

3.4.4 Analysis per structures of knowledge
For this research field, the knowledge structures for solar-terrestrial relationships

are shown in Table 14, and the co-citations network appears in Figures 15, 16, 17

and 18.

3.5 Planetary physics

3.5.1 Table with relevant parameters

For this query, the most relevant parameters are presented in Table 15. The
results show that Chile has the highest rates of annual growth percentage, number
of coauthors per document, and international co-authorship. Mexico and Argentina
have a similar growth rate, while Brazil has the lowest rate of all. At the same time,
Mexico, Argentina, and Brazil present similar results for the concepts: coauthors

per document and international co-authorship.

3.5.2 Authorship analysis

The results show that Mexico is the country with the lowest productivity in the 20

years period respect to the other countries whereas Argentina has a higher
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productivity than Mexico, but lesser than Chile and Brazil, which is the country with
most productivity in this field. Table 16 shows the most relevant authors in
planetary physics for the countries analyzed.

The productivity by affiliation indicates that Mexico has a leading institution in
scientific production; Brazil has two, while Argentina and Chile have a more
equitable distribution, between different institutions. The most representative
institutions in Argentina, are national, while in Chile, most of them are foreigners.
Respect to MCP weighting percentage, Chile has a high MPC although most
publications have authors affiliated to United States institutions. In the rest of the

countries, the weighting percentage is approximately 30%.

3.5.3 Documental analysis

From the keywords analysis, the results indicate that Argentina and Brazil have
several terms in common; this may be due to the fact that there is a high degree of
collaboration between these countries. The results also show that there are terms
associated with observational techniques in Chile, Argentina, and Brazil, possibly
linked to the observational work carried out in these countries. Mexico does not
present this terminology, it could be inferred that only theoretical work is carried out

in this country.

3.5.4 Analysis per structures of knowledge

In this section, the knowledge structures for planetary physics are shown in Table

17 and a collaboration map of the countries analyzed is presented in Figure 19.
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4. Discussion

This paper presents, for the first time, a bibliometric study of five areas of space
sciences developed at the Institute of Geophysics of UNAM. The results obtained
are not only important for understanding the progress of space sciences in Latin
America but could also provide information on the future of this field of knowledge
in the region.

Based on the initial analysis, countries that conduct research in space sciences
were identified, and it was found that space sciences are not developed in most
Latin American countries. This fact impacts the development and progress of the
different areas of research, probably due to the following factors: a) in most Latin
American countries, there are no graduate programs related to this field of
knowledge; b) countries invest more in training professionals in other fields; c)
there is no interest in space sciences in most of these countries, probably
associated to development policies, among other factors.

Bibliometric results also indicate that in the area of solar physics, Chile is the
country with the greatest scientific development compared to the others three
countries, during the 20-years period . In contrast, Mexico has a low productivity in
the number of published articles, despite the fact that solar studies continue to be
conducted in Mexico, especially those related to the analysis of data from recent
space missions such as the Parker Solar Probe. This result also reflects that the
research conducted in Mexico is primarily carried out at UNAM.

The four Latin American countries have a strong scientific dependence on United

States, likely due to the fact that, in the last five decades, United States has
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developed space technology to conduct in situ, studies of the inner solar system
particularly, on the Sun, obtaining extensive data that have allowed to understand
and modeling many facets of solar phenomenology as well as observatories at
ground level, to observe our star at different wavelengths. This fact has led Latin
American researchers to seek international collaborations with American
colleagues generating a scientific dependence between them.

At present, American collaboration is essential for Latin American countries
involved in this study.

In the area of magnetospheric physics, Brazil is the country with the highest
productivity (125 items) compared to the other three countries. Chile has the
highest rate of international scientific collaboration and Mexico is the country with
practically no development in this area. A possible connection with this result may
be related with the fact that several countries conduct geomagnetic research not
only on Earth but also on other magnetized bodies in the Solar System,
overlapping the field of work of space sciences and probably influencing the low
development of magnetospheric physics in Latin America.

The bibliometric results in cosmic rays physics, show that this area has been little
developed in Chile and Brazil whereas the productivity in Argentina and Mexico is
low in the period analyzed, despite the fact that Argentina has the Pierre Auger
Observatory and Mexico has two cosmic ray observatories and both countries
have developed motor themes.

Furthermore, the co-authors affiliations are primarily linked to United States,
indicating a strong dependence on United States collaboration for publication in

these Latin American countries.
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Mexico has a small database compared to Brazil in the area of solar-terrestrial
relationships, whereas Chile not only has a smaller database, but also this country
has a greater scientific productivity as well as an important international
collaboration. The Mexican productivity decreased in recent years and Chile had a
boom period between 2007 and 2008. Since 2019, Chile has had a big impact as
well as a relevant participation in research projects at international level. This result
is related with its high degree of international collaboration because of the
numerous scientific consortiums that have been established in that country.

United States is also, the main collaborator of all Latin American countries
analyzed in the area of planetary sciences. In particular, Chile has a high degree of
foreign collaboration and its scientific production is carried out by authors or co-
authors affiliates to foreign institutions. This country experienced a significant
increase in productivity since 2009 and becoming much more productive than
Argentina, Brazil, and Mexico. Particularly, Mexico has the lowest productivity
respect to Argentina, Brazil, and Chile in this area.

All these bibliometric results (publications number, co-citations, affiliations,
coauthors, working groups networks, and so on) show, that space sciences in
these Latin American countries have had a slow development as well as a strong
dependence on United States.

The results clearly show that Chile is the country with a wider international network
where foreign institutions and co-authors are involved, the UNAM is the main
institution in Mexico, where space sciences are developed and, Argentina, Chile,
and Brazil have several national affiliations. Results also show that Latin American

countries analyzed, practically do not collaborate with each other, although, in
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1988, several Latin American countries created an international scientific
community on the continent to hold the first Latin American Conference on Space
Geophysics (COLAGE — acronym in Spanish). Two of the conference's objectives
were to present to the scientific community the topics and work carried out by the
attending countries, as well as to create international working groups to solve
frontier problems associated with the Solar System. To achieve these objectives,
among others, COLAGE is organized every three years in one of the Latin
American countries that are part of the Latin American Association of Space
Geophysics (ALAGE - acronym in Spanish) and is attended by students and
researchers, who work in several areas of space sciences.

The fact that Latin American countries do not collaborate scientifically with each
other, according with this work, implies that COLAGE has not yielded results from
the perspective of large-scale international collaboration, although there are
published papers by small international collaboration groups that have not created
significant networks.

Presently, there are efforts to improve the integration of the scientific community
dedicated to space issues in Latin America, such as the creation of the Latin
American and Caribbean Space Agency (ALCE - acronym in Spanish) on
September 18, 2021. However, to achieve this goal it is important to start by filling
the gaps in collaboration and productivity found in this work. This will require
multidisciplinary work to generate public policies to try to eradicate these problems
and the contributions of this research could be the first step to put into context, the

current situation of space sciences research in Latin America.
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5 Conclusions

This is the first article to present a bibliometric study of Space Sciences in Latin
America to identify the most productive countries in the analyzed research areas
and to understand the strengths and weaknesses of each country. The study
shows that, despite the projects carried out to date to create international
collaboration networks and working groups among Latin American countries,
favorable results have not yet been obtained according to the bibliometric studies
of this work as all the research areas involved generally represent slow or very
slow development, short periods of productivity, or periods where development is
practically non-existent.

The number of publications has decreased in some areas, such as solar-terrestrial
relationships, or is low, as in magnetospheric physics. However, each country
stands out in some of the research areas for the following reasons:

a) Argentina and Mexico, in the area of cosmic rays physics, because they are
the countries where this area has been primarily developed and they have
infrastructure that can be used to increase their productivity in this field. This
fact represents an opportunity to create collaboration networks;

b) Chile, in the areas of solar physics, solar-terrestrial relationships, and
planetary physics due to the authorship, co-authorship, productivity, and
large international collaboration networks and;

c) Brazil in the areas of solar physics and magnetospheric physics due to the

number of authors and productivity’s index.
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The four Latin American countries have national affiliations involved in one or more
of the five space sciences research areas, such as the University of Buenos Aires
in Argentina, the National Institut for Space Research (INPE) in Brazil, the Catholic
University in Chile, and the UNAM in Mexico. This study also quantitatively
demonstrates that collaboration among Latin American countries is minimal, all
four countries collaborate with foreign institutions, as is the case of American
institutions and, the dependence on the United States is very high, raising
important questions about the need to strengthen intra-regional cooperation.
Finally, the results obtained in this study provide an overview of the current state of
space sciences in Brazil, Chile, Argentina, and Mexico, and represent an excellent
opportunity for all Latin American countries to create new working groups in the
field of space sciences even in other areas such as astrobiology.

Strengthening international scientific collaboration through projects, academic
exchange programs, and/or the creation of consortia could generate, in the
medium and long term, networks and working groups of scientific relevance in the

field of space sciences in Latin America.
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