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Abstract

An increasing number of literature focus on scholarly mobility among countries worldwide. Many studies
look at specific national cases. But, contrasting the movement of scholars ”within” sub-national regions of
countries versus ”between” the national borders is understudied. We re-purposed large-scale bibliometric data
on more than 30 million ”article” and ”review” publications from Scopus in 1996 to 2020 and geo-coded the
affiliation addresses. We prepared the first global database of migration of scholars at the level of internal
migration within countries, and at the level of international migration. It enables us to study the connection
between international migration from specific sub-regions within a country. Our results show that looking at
sub-national regions instead of countries, doubles the share of mobile scholars from 8% to 16%. Some subnational regions are attractive destinations for international and some for national mobility. We show examples
worldwide, from the USA, Germany, France and Italy. We further highlight the role that scientific collaborations
play in facilitating future scholarly mobility. Scholars form ties before or during their mobility events and some of
these ties persist and facilitate future moves. We discuss the implications of our results on the global circulation
of talent and high-skilled mobility.
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Introduction

There is a long history of studies with demographic substantive questions, using different sources of data to study
scholars as a population. Survey of scholars has been one of the most used data gathering techniques [1–13].
Interviews have also been used to delve deeper into academic mobility and migration experiences or negotiations
among mobile academic couples and also to connect the demographic life events with scholars’ research performance
and impact [14–19]. Administrative data and census have been used as well to look into different aspects of academic
labor and their life experiences [20–22]. More recently, online sources (e.g., LinkedIn data or website of universities)
are used to investigate high-skilled migration or academic mobility [23, 24] and more specific websites (e.g., collection
of academic CVs, specifically those hosted in ORCID database) have been used in some studies to trace scholarly
mobility by constructing trajectory of institutional affiliations [25–32].
In addition, with digitization and data revolution, bibliometric data is increasingly used as a new source [33].
Bibliometric data includes information that is extracted from scholarly publications in scientific journals. This
varies from substantive data, i.e., title, abstract, manuscript text and keyword of the publications to meta-data
accompanying these publications, i.e., authors’ names, affiliation addresses, references list, and publication year, to
name a few. These digitized sources of data can be used for demographic research [33]. Depending on the substantive
research questions, one can use bibliometric data ”as-is” (e.g., to count the number of actively publishing researchers
in a country or region and to compare them with administrative data) or ”re-purpose” it (e.g., inferring academic
mobility from institutional affiliation addresses and their changes).
Study of academic mobility has benefited vastly from the availability of these large-scale and high-resolution
bibliometric data. Some previously not-addressable questions could be asked and answered using this type of data,
for example: How much of the talent circulation has happened ”within” the national borders versus ”between” the
nations? Are there migration corridors worldwide, for example between two specific regions across countries or in
the same country, or systems of circulation that involve several countries or sub-regions? Do scientific collaborations
among scholars facilitate their future mobility? Do scholars have different probabilities of being mobile based on
the trajectory of their collaborations during their scientific career? Answering these and related questions holds the
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key to understanding the increasingly complex interactions between processes related to migration of scientists and
scholarly collaborations as well as institutional settings and policies.
We re-purposed large-scale bibliometric data on more than 30 million publications from Scopus in 1996 to 2020
and geocoded the affiliation addresses. We prepared the first global database of migration of scholars at the level
of internal migration within countries, and at the level of international migration. It enables us to study the
connection between international migration from specific sub-regions within a country (e.g., how many scholars go
from California in the USA to the Paris region in France (Île-de-France)). This is both a macro-level database and
a micro-level database. At the macro-level, we are able, for the first time, to develop indexes of internal migration
of scholars (e.g., Crude Migration Intensity, Migration Effectiveness Index and the Aggregate Net Migration Rate
[34]) on a global scale. This would enable us to assess differences between countries in a comparative perspective.
At the micro-level, we are able to assess the importance of co-authorships and collaborations in explaining migration
patterns of scholars (at different levels of granularity, from internal migration to internationally).
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Background

There is a wealth of literature on internal or international migration. Skeldon [35] reviewed a subset of this literature
that was mainly focused on Eastern Asia. He emphasized the need to consider the two systems of migration
simultaneously in a unified study. Nevertheless, he highlighted the lack of proper data sources allowing this type
of unified studies. In the realm of scholarly mobility, there have been efforts to study it (as a form of migration)
using high resolution bibliometric data. Most of these efforts have been focused on international scholarly mobility
with a few exceptions. Miranda-González et al. [34] used Scopus data and investigated scholarly migration within
and between different geographical regions in Mexico.
Here, building on these studies, we propose a methodological framework to repurpose bibliometric data, to
study internal versus international scholarly mobility worldwide. This enables us to address some of the pressing
but previously not-addressable scientific and policy related questions. Questions regarding tracing the knowledge
flow, high-skilled and scholarly migration among countries. We received inspiration from multiple streams of prior
theoretical and methodological works. Specifically, we build on the methodology presented by Cole and Zuckerman
[14] to consider demographic life events alongside research performance. We extend their view and consider scientific
collaborations as an integral part of the research performance which is affected by the personal characteristics and
demographic life events of the researchers. Gläser and Laudel’s [36, 37] study of research trails (influences that early
career researchers receive during their graduate studies from supervisors until they start to form an independent
research trail of themselves) and the extensions added by Aman [25, 38] to study knowledge transfer through
scholarly mobility has influenced us. Furthermore, data-driven practices by Vaccario et al. [39, 40] have given us
inspirations on how to identify mobility patterns in the life course of a scholar’s career in the form of sequences of
movements between places. We propose a framework that utilizes scholarly collaboration, in the form of co-authoring
scientific articles, to trace internationalized tendencies to form cohesive collaboration ties.
Scholarly mobility does not happen in a vacuum. Scholars form ties before or during their mobility which might
persist and affect their future scholarly collaboration trajectory. Scholars with a more internationalized research
collaboration profile, tend not only to be more mobile, they are embedded in a more diversified and complex network
of co-authorships that might facilitate their moves and allow them to host other mobile scholars. Existing theories
emphasized on the role of networks in explaining migration (e.g., Massey et al. [41]), but the lack of temporal data
on ties formed ”before” or ”during” the mobility events did not allow a large-scale evaluation of these theories.
We intend to do so using the unprecedented opportunity of access to the high-resolution data by repurposing
bibliometric information.
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Data and Methods

We use publications data from Elsevier’s 2020 snapshot of Scopus that is provided to us by the German Competence
Centre for Bibliometrics (KB) [42]. It includes more than 30 million ”article” and ”review” publications from 1996
to 2020 (we limit the publication type to only these two to have the highest possible accuracy of metadata based
on the evaluations by KB). Re-purposing publication data for our goals requires a good deal of data processing and
cleaning. Bibliometric data needs fine grained cleaning, encoding countries and geographical regions of affiliation.
Academic organization and author names need to be disambiguated. For author names, we use Scopus’s author IDs
that offers more than 90% precision and recall (based on Scopus reports [43]) and for the academic affiliations and
organization names, we use the methodology outlined in Akbaritabar [44]. After processing bibliometric data, we
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complement them with GeoNames’ codes for sub-national country regions in multiple granularity levels. To identify
a scholarly mobility event, in the current version of the results, we are taking all affiliation addresses that an author
had in the picture without reducing them on a yearly basis. Any changes that happen between the affiliation
addresses of an author during their career is taken into account (ordered based on time to allow identifying return
moves).
We calculate yearly net migration rates for sub-national regions as
N M Ri ,t =

Ii ,t −Ei ,t
× 1000
Ni ,t

where i is the sub-national region, t is the year, Ii ,t is the inflow of scholars entering a region and Ei ,t is the
outflow of scholars exiting that region over the total number of scholars in the region in a given year, i.e., Ni ,t ,
multiplied by 1000. We present results based on NMR rates of internal and international scholarly mobility to
highlight the interdependence between these two systems of migration (e.g., as emphasized by [35]).
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Preliminary results: internal versus international scholarly mobility
worldwide

The majority of scholars (92% in country and 84% in sub-national level) in our database do not experience mobility
which is in line with the literature [45]. However, for the scholars who have experienced mobility, we investigate
the most attractive destinations and the countries and regions with the highest share of scholars who move away.
We separate the results between international mobility between countries (excluding intra-country mobility in subnational regions), among sub-national regions of destination in international mobility and intra-country moves inside
a country among sub-national regions.
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Preliminary results: net internal and international scholarly migration rates for selected regions worldwide, states in USA, Germany,
France and Italy

Here we present further results based on net scholarly migration rates in internal and international level aggregated
in sub-national regions. We present trends for a group of selected regions worldwide (figure 2), all states in the
USA (figure 6), Germany (figure 7), France (figure 8) and Italy (figure 9). NMR rates presented further highlights
the use-cases of our database to identify sending and receiving sub-national regions.
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Preliminary results: international scholarly mobility versus international scholarly collaboration

It is necessary to note that scholarly mobility is only one form of knowledge circulation. Many scholars who do not
experience mobility (92% in international and 84% in internal mobility), form international scientific collaborations
(or in some cases host international guests) and through this collaboration complement their skills and knowledge
(see [18] for an early career researcher’s example).
Figures 10 and 11 present only examples of the type of further results that is obtained by our proposed framework
of integrating mobility trajectory with scientific collaborations. These are country and province level profiles of
a European male demographer who graduated in the USA and is currently based in Germany, with 20 years of
scientific career since the start of graduate education. These figures are constructed using publicly available CV
to complement our bibliometric data on scientific publications and collaborations to show the functionality of our
proposed methods.
Based on figure 10 and a look at the country level (bottom panel of the figure, i.e. B), this scholar has been
mobile only between Italy, The US, and Germany (the one red dot in QAT is an error in bibliometric data which
highlights the need for cumbersome disambiguation and data cleaning). Nevertheless, looking at the scholarly
mobility in the province level in figure 11, we observe three sub-national moves between provinces in the USA that
were overlooked in the country level. In the top panel of figure 10, we see co-authors from a maximum of five
distinct countries collaborating in a single publication (indicated by the size of publication nodes on the top panel,
i.e., A. Ties between these nodes indicate shared co-authors between publications and if a publication does not
3

Figure 1: presents the top 50 pairs of countries with the highest share of international scholarly mobility, excluding
intra-country mobility (between sub-national regions, which will be presented next). Width of chords present the
count of unique scholars sent (chords with the same color as the band beside country name) or received by a country
(different color chords arriving to a country’s named band). The USA has the highest share of sending and receiving
counts of scholars followed by the UK, China, Canada and Germany. Please note that the presented flows could be
affected by temporal trends that we will investigate in the last section on NMR rates.
have any collaborators with whom our principal author will work in future, they are presented as isolated nodes,
e.g., see some examples in 2011 and 2014 on the left side of Panel A which are the publications in earlier stages of
the career). The structure of collaborations shows a growing and expanding group of collaborators that in recent
years has become more international than before (see the increased size of nodes on panel A). This observation is
further evident in the number of cohesive communities (indicated by colour of nodes on the top panel, i.e., A) in
figure 10, showing 3 cohesive groups formed. These cohesive groups of collaboration (i.e., communities) are formed
with collaborators who have been working with the demographer in question in years before and could signal a
revitalization of former collaboration projects that might lead to future scholarly mobility or shared sources of
funding supporting inter-institutional collaborations spanning over multiple years.
In our next steps, we will investigate these collaboration ties further to identify those that are followed by an
international mobility (e.g., they could have facilitated the move). We will consider the reversal trend as well to
identify those international collaboration ties that are subsequent to a mobility event. This will allow us to highlight
the share of scholarly mobility events that involve a move to an institution where former collaborators of the scholar
are located.
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Conclusion

To conclude, based on our preliminary results so far, our methodology in re-purposing bibliometric data offers
unprecedented opportunities to study internal and international scholarly mobility and systems of migration [35]
in an integrated framework. The constructed macro and micro global database enables us to identify attractive
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Figure 2: presents the top 50 pairs of sub-national regions with the highest rate of international scholarly mobility,
excluding intra-country mobility. Despite the highest share of the USA in figure 1, here we see that Great Britain
(and the principal geographical region of ”England”) has the highest share of sending and receiving scholars amongst
the top 50 sub-national regions. California in the USA follows in the second position and is followed by lle-de-France,
Ontario and New York. England and California have a high share in sending to and receiving from many of the
top 50 regions in the sample.
destinations of scholarly mobility for the national and international academics. It enables us to see which regions
are traditionally sending regions and which ones are the receiving regions. In addition, it allows further investigation of potential underlying factors (e.g., development or lack thereof) driving the observed trends. This type
of investigation will be influential in the area of high-skilled migration and global talent circulation. Furthermore,
there are gender and disciplinary differences in the observed trends that needs further investigation.
So far we have curated the global database of scholarly mobility and answered some preliminary questions.
Investigating more substantive questions is our next step. We would like to investigate the intertwined ties between
scholarly mobility and collaboration and to better identify the causal direction between the two. We would like to
determine whether the causation is from mobility to collaboration [46] or bidirectional [45, 47] or inconclusive based
on the vast literature advocating one way or the other [48].
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Figure 3: presents the top 50 pairs of sub-national regions inside each country with the highest scholarly mobility
among them, excluding international mobility. Here we intend to highlight the understudied phenomenon of intracountry scholarly mobility in sub-national regions. Beijing region in China, California and New York in the USA
have the highest share of scholars sent or received amongst these top 50 pairs of regions. In the next section, we will
investigate specific country cases and proportion of the mobile scholars to the population of scholars in a country
to control for the population size.
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Figure 4: presents all 16 states in Germany and scholarly mobility among them while excluding international
mobility. Here we intend to highlight that the prepared database can be used to study specific country cases and
internal scholarly mobility among sub-national regions. Bavaria, North Rhine-Westphalia, Baden-Wuerttemberg
and Berlin are the states with the highest share of sent or received unique scholars. Most of the scholars are
located in the former West German states (i.e., Bavaria, North Rhine-Westphalia, Baden-Wuerttemberg, Hesse,
Lower Saxony, Schleswig-Holstein, Hamburg, Rheinland-Pfalz, Saarland, and Bremen). Comparing the impact of
geographic proximity in mobility trajectory versus the former West and East divide in Germany would be among
the first next steps in our analysis.

7

Beijing

Berlin

California

England

Ile-de-France

New York

0

25

Rate per 1000 scholars

50

0

25

Figure 5: Net internal (blue) and international (red) scholarly migration rates of selected provinces worldwide
(dashed lines are smooth trends based on mean). While New York and California are attractive destinations for
international mobility (see red lines above the zero in most years), in internal mobility, the rate of scholars moving to
these regions and exiting them is rather similar and trends revolve around zero net internal mobility (it is negative
only in some years). Berlin, Beijing, Ile-de-France and England (in most years) are sending regions in international
mobility and also in internal mobility but with varying rates (e.g., Berlin shows high variations). In recent years,
Berlin is receiving more scholars in both internal and international trends.
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Figure 6: Net internal (blue) and international (red) scholarly migration rates of US states (dashed lines are smooth
trends based on mean). First observation is the larger range of internal scholarly mobility versus international one
(that causes the Y axis of the figure to have longer range, i.e., -50 to 50). Some states are sending states in internal
mobility (such as Alabama, Connecticut, Delaware, Iowa, Kansas, Louisiana, and Missouri), while some are receiving
states (such as Colorado, Nevada, New Mexico, Oregon, South Dakota, Virginia, Washington, and Washington,
D.C.). In international mobility, most regions are close to the zero line (which is mainly due to the higher range
of internal mobility causing these trends to be less clear) except Alaska, North Dakota and South Dakota which
are receiving states. Nevada has a high variation in both internal and international scholarly mobility. (Note that
seven states out of 50 are missing from the figure as they did not have representation in our results).
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Figure 7: Net internal (blue) and international (red) scholarly migration rates of states in Germany (dashed lines
are smooth trends based on mean). Different from the trends observed in figure 4, here we do not see a clear
difference between former west and east states of Germany. Some states are receiving scholars in internal mobility
(such as: Brandenburg, Bremen, Hamburg, Mecklenburg-Vorpommern, Rheinland-Pfalz, Saxony, Saxony-Anhalt
and Thuringia (except in recent years) and some are sending regions both in internal and international mobility
(such as Baden-Wuerttemberg, Berlin, Saarland and Schleswig-Holstein).
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Figure 8: Net internal (blue) and international (red) scholarly migration rates of regions in France (dashed lines are
smooth trends based on mean). First observation is that some regions of France have much higher rates of internal
mobility in comparison to Germany, i.e., 25 or 50 per thousand scholars in some years. Auvergne-Rhone-Alpes,
Bourgogne-Franche-Comte, Brittany, Centre, Nouvelle-Aquitaine, Occitanie, Pays de la Loire and Provence-AlpesCote d’Azur are receiving regions in internal mobility. Brittany, Grand Est, Ile-de-France and Normandy are sending
regions internationally. (Note that we excluded island of Corsica due to extremely outlier trends).
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Figure 9: Net internal (blue) and international (red) scholarly migration rates of regions in Italy (dashed lines
are smooth trends based on mean). Latium, Lombardy, Molise, Piedmont and Trentino-Alto Adige are receiving
regions in internal mobility (positive net migration rates with blue lines above the zero) and Abruzzo, Bsilicate,
Calabria and Liguria are sending regions internally. In international mobility, most regions are sending and only
Trentino-Alto Adige stands out as a receiving region pre-2015. (Note that we excluded the region of Valle d’Aosta
due to extremely outlier trends).
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Figure 10: scholarly collaboration and mobility profile in country level of a European male demographer graduated
from the US and based in Germany (career length since graduate studies: 20 years)

Figure 11: scholarly mobility profile in province level of the same European male demographer graduated from the
US and based in Germany (career length since graduate studies: 20 years)
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