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Abstract

The migration of scholars has been often studied across countries, however, these studies have rarely focused
on sub-national regions. We used data on 28+ million Scopus publications of 8+ million unique authors and
geo-coded the affiliation addresses. Our results show that by focusing on the sub-national regions, the share
of mobile scholars increases from 8% to 12.4%. We found that in all continents when a sub-national region is
attractive for international migrants, it is also attractive for internal ones. The reverse is not true, though. For
most continents, a depopulation is happening where scholars move abroad and their position is filled by scholars
arriving from other sub-national regions inside the country. In the US, as an example, states in the mid-eastern
area have the highest net rate of scholars leaving for other destinations inside the US, mostly on the west coast.
In Europe, multiple countries show a similar trend that more developed provinces receive scholars from internal
origins and send scholars to international destinations. Our results have implications for the global circulation
of academic talent by adding more nuance to the generally accepted image of brain drain and brain gain. We
highlight the interrelation between internal and international migration, specifically for regions constantly losing
their academic workforce.
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Teaser
While only 8% of Scopus-published scholars experience international migration, 12.4% of them move between sub-
national regions of countries.

1 Introduction
International mobility is known to favor career advancement and professional recognition of academic scientists (1).
Among others, it facilitates the recombination of ideas (2, 3) and the expansion of networks of collaborators, which,
in turn, lead to better science and higher visibility of scholars (4). The benefits of geographic mobility are not felt
only by individual scientists. Migrant scholars tend to be a highly selected group of researchers who are particularly
productive and creative to start with (5). They favor knowledge circulation and are an engine of growth, especially
in the destination countries (2, 3). As a result, they are often the target of national policies (6) to attract ‘the best
and the brightest’ (7).
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The research on the determinants and consequences of migration of scholars has focused on international reloca-
tions (8, 9). However, internal migration is generally expected to be higher than international migration and could
have a bigger impact on the dynamics of populations of scholars across sub-national regions, with consequences in
terms of the vibrancy of regions and their potential for serving as hubs of discovery. Despite the importance of
internal migration for the scientific vitality of regions, our knowledge of patterns of migration of scholars at the
sub-national level is extremely limited, and we have virtually no empirical evidence on how internal migration is
inter-related with broader patterns of international migration. While we expect that the systems of internal and
international migration are inter-connected (10–13), understanding their dynamics has been hindered by lack of
appropriate data across different groups of migrants (14–17).

In the context of migration of scholars, bibliometric data offer previously unavailable opportunities (8, 9) for
jointly assessing the dynamics of internal and international migration processes, which typically cannot be assessed
for other groups of migrants, including other types of high-skilled migrants. In this article, we propose an integrated
framework to address the gap in understanding internal and international migration systems simultaneously. Among
others, we quantify the extent to which academic talent circulation has happened “within” the national borders
versus “between” countries; which sub-national regions are particularly attractive for scholars who move internally
or internationally, and which ones have been losing scientists; how the dynamics of internal and international
migration systems are inter-related. We leveraged large-scale bibliometric data comprising 28+ million publications
by 8+ million unique authors, indexed in Scopus from 1996 to 2020, together with disambiguated and geocoded
affiliation addresses. We prepared a novel and global database of migration of scholars covering both internal and
international migration at GeoNames Admin-1 level, which enables us to assess differences between regions and
countries from a comparative perspective.

2 Results
A new global database of internal and international migration of scientists. Fig. 1 shows an illustrative
example of statistics produced as part of the new global database. In particular, it provides net migration rates
(NMR) per 1,000 scholars, for the period from 2012-2017 to highlight the latest trends as a recent example from
the available wider period. The rates shown are the difference between the sum of scholars entering a region during
the six years considered from both internal and international origins and those exiting, divided by the sum of the
population of scholars in the region. The majority of scholars in our database, do not experience mobility which is
in line with the literature (8, 9, 18–21). However, focusing on the sub-national level instead of countries reduces
the share of non-mobile scholars from 92% to 88% (based on mode-based strict measures, see methods section for
a description), which highlights the higher prevalence of internal migration of scholars in contrast to international
moves which has traditionally been the focus of the literature.

Fig. 1 shows that there is more nuance to the generally accepted image that some countries such as the US
act as magnets attracting scholars in all states. Panel A shows that the US states are receiving a different rate of
scholars. For instance, the balance of scholars sent or received in some states is negative indicated with red colors.
This entails that the number of scholars exiting is higher than those entering these states. In addition, this figure
shows that the general picture depicted with terms such as brain drain that some countries constantly lose their
scholars is more nuanced. For instance, India at the country level has a negative NMR rate indicating sending more
scholars than receiving but zooming in on sub-national regions (panel A) shows that some regions in India such as
central and southern ones have a positive NMR. Since NMR uses the population of scholars as the denominator and
could in principle be prone to under- or over-counting of scholars due to left or right censoring issues in the data
(see methods section for further details), we use an additional measure, Migration Effectiveness Index (MEI (22,
23)) that uses the absolute difference (nominator) and sum of scholars entering a region or exiting it (denominator).
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The classification based on MEI is shown in Fig. S4 of the Supplementary Information, where we present analogous
maps resembling those in Fig. 1.

Additionally, Fig. S5 in the Supplementary Information shows the NMR separated over internal and international
rates. It shows that the trend of international migration does not necessarily match that of internal migration. Sub-
national regions have different attractiveness in internal and international migration. For example, while the west
coast in the US is an attractive region for both internal and international scholars, it is not the same case for middle
and eastern states. Eastern states are more attractive for international scholars than internal ones. In general,
many of the states in the mid-eastern area of the US are sending states and have a negative net migration rate
(indicated with red colors), and western regions are receiving (green colors). This stark difference between internal
and international migration is also observed in provinces in Australia, South America, India, Turkey, Saudi Arabia,
Iran, and China. Zooming in on Europe (panel B in Fig. S5) shows even more evident differences. While many
provinces in Germany, Italy, France, Spain, the UK, and the Netherlands are indicated with red colors and send
scholars to international destinations in panel A, there is a large difference between internal migration to these
provinces in panel B. For instance, the Northern and middle provinces in Italy, southern regions in France, England
in the UK, and some regions in Spain are receiving scholars from other sub-national origins inside these countries.
This could be a signal of academic depopulation in these regions where academic positions of those leaving for
international destinations are filled by internal migrants.

Global trends of temporal change in internal and international migration to and from sub-national
regions. Fig. 2 compares the range of differences and inequality of attractiveness between sub-national regions at
the continent level using the Gini coefficient over time for four types of migration (i.e., internal, international, in-
and out-migration). It shows that population weighting lowers Gini coefficients in all continents. This is expected
since small regions will introduce more sampling variation and weighted averages might correct this problem. In
Europe, weighting increases the spread in inequality of rates between internal and international migration, however,
it narrowed this spread in North America. In Asia, and to a lesser extent South America, we are seeing a pattern
of increasing inequalities in international migration and decreasing inequalities in internal migration. Africa shows
a steady reduction in inequality across all types of migration. Europe, North America, and Oceania show a rather
steady trend in inequality across all types of migration over time. This means, there are stable flows of incoming
or outgoing migrant scholars in these continents that have not changed much during our observation period. On
the contrary, Asia and South America present a change in their Gini coefficient over time indicating that they have
gone through an era of transformation in scholarly migration. This could indicate that some regions have changed
and become popular sending or receiving regions over time.

Fig. 3A and 3B provide a more nuanced temporal picture per sub-national region by showing the slopes of quasi-
Poisson regressions estimating the temporal trends from 1998 to 2017 for in- and out-migration rates. We include all
global sub-national regions having more than 25 scholars in at least one observation year, additionally a minimum
of at least 10 observation years. Fig. 3A shows that in all continents, the lower left quadrant, indicated with a
green shade, contains the highest percentage of regions. It means that both internal and international in-migration
decreases over time and has negative slopes. Looking at internal and international migration separately, most
regions are in the lower and left quadrants, respectively. It indicates decreasing trends for both types of migration.
In all continents except Europe and North America, we observe that as international in-migration increases, internal
in-migration increases. This means, if a region is attractive for hosting researchers, it receives scholars from both
internal and international origins. Europe and North America have high p-values which suggest that the observed
trend may not be reliable. Fig. 3B shows that Africa, Asia and South America have the highest percentage of regions
located in the upper quadrants on the Y-axis and have increasing trends in internal out-migration. This means
that sending scholars to other regions within a given country increases over time. In Europe, North America, and
Oceania, the largest proportion of regions are in the bottom quadrants. It means that in most regions, out-migration

3



decreases over time.
The relationship between internal and international migration worldwide. Fig. 4 shows that in

all continents, most regions are in the upper right quadrant, indicated with a green shade, which determines
the positive correlation between internal and international migration for both out-migration and in-migration. A
positive correlation means that either both internal and international trends are increasing over time, or both trends
are decreasing. That is, if a region receives scholars, it consistently receives scholars from both domestic and foreign
origins, and if a region sends scholars, it consistently sends scholars to both domestic and international destinations.
This further confirms the trends shown in Fig. 3A and 3B.

3 Discussion
We prepared a global database of migration of scholars at the level of internal migration within countries and at the
level of international migration. This database enabled us to address a documented gap in the literature to study
the two interrelated migration systems (12, 13) in a unified framework (10, 11). On a global scale, we developed
indexes of internal and international migration of scholars (22, 23).

A clear pattern is found in in-migration rates for all continents. An attractive region, receiving scholars from
international origins is also attractive in receiving scholars from internal origins. The reverse, being a popular
sending origin to internal and international destinations is only true for African and European regions. That
means sub-national regions in Africa and Europe send scholars to both types of destinations and this trend has
been generally increasing over the 24 years studied. In Asia, North America, South America, and Oceania the
opposite trend is observed which could indicate an academic depopulation effect, where regions sending scholars to
international destinations, in turn, receive scholars from internal origins.

We found a group of countries where internal scholarly migration was more prevalent and effective. These
countries with larger science systems can hire their graduates and promote them to permanent positions (24, 25).
Internal scholarly migration is more prevalent and has a higher impact on these science systems. Our more detailed
investigation of internal and international scholarly migration in sub-national regions of these countries showed
a highly dynamic trend. Some of the less developed regions were mainly sending regions whose talent is hired
elsewhere inside the country or in international destinations.

The dynamics of talent circulation between sub-national regions of the countries were insightful. For specific
countries (e.g., Italy), we observed a higher rate of incoming scholars in more developed regions and the leave of
talent from the less developed regions to both internal and international destinations. While specific countries
such as the US act as an international magnet of academic talent at the country level, at the sub-national level,
some states (e.g., mid-eastern ones) were losing scholars to other states (western ones) and go through an academic
depopulation process, similar to observed trends for provinces in Europe. This was possible to observe only after
zooming in on the sub-national level and considering the inter-relationship between internal and international
migration trends which is a contribution of our curated and novel database.

To conclude, based on our results, our methodology in re-purposing bibliometric data offers unprecedented op-
portunities to study internal and international scholarly mobility and systems of migration (10, 11) in an integrated
framework. The constructed macro global database enables us to identify attractive destinations of scholarly mo-
bility for 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 (8). This type of investigation is influential in the
area of high-skilled migration and global talent circulation (1, 4, 26, 27). Furthermore, there are gender (9, 28) and
disciplinary differences (29) in the observed trends that need further investigation. The meaning and implications
of higher and lower scholarly mobility on circulation of ideas in a country and recombination of ideas (30–33) need
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further probes. We could ask if there is a type of gravity (21) of scholars (those more prominent) or institutions
(those with higher prestige as shown by Clauset et al. (34)) attracting the brain and driving brain circulation
patterns?

Our study and database have certain limitations. Academic entities’ names (e.g., author and organization
names) need disambiguation and cleaning (35–38). We have used the most reliable available database which is
proprietary (39) and have done progress in that direction, but the used methods are still prone to error (e.g., see a
discussion in 38). In addition, higher-level epistemic questions should be answered while re-purposing bibliometric
data for migration research (33, 40–42), for instance, assigning the country of affiliation in the first publication as
the country of origin for academic mobility is prone to error since that could simply be the country of graduation (8),
hence, it should only be considered as the academic origin and not a proxy for nationality. There is a publication
delay (43) that can hinder proper identification of the mobility period. Furthermore, these data are limited to
only those scholars who have actively published in scholarly journals. These scholarly journals are limited to the
ones indexed by the bibliometric database used and in most cases are dominated by English-speaking publications
with lower coverage of non-English ones. Further, some scholars and disciplines are not publishing as often as hard
sciences and our results are driven by scholars and disciplines who tend to publish more (44).

We curated the global database of scholarly mobility and answered some previously non-addressable questions
which were due to a lack of data on internal and international migration (10, 45). Our database enables addressing
such questions for the subset of highly skilled migrants, i.e., scholars. Our results have certain implications for
theories of migration by showing that different sub-national regions in a country with specific development history
could exhibit specific migration trajectories (8). Since the links between the migration of scholars, knowledge
diffusion and collaboration are empirically and theoretically understudied (21), our study highlights that such links
need to be studied both within countries and in the case of international migration of scholars. In addition, the
case of scholars who would like to migrate but due to different reasons could not do so and its implications for their
scientific work should be studied similarly to the case of the general population’s involuntary immobility discussed
by Carling (46). As shown previously by us in Sanliturk et al. (8), different subsets of the population could be
affected by different pull and push factors. Scientists’ migration behavior with development might be exceptional and
different from the general population (21). Future research could include investigating more substantive questions.
It is beneficial to investigate the intertwined ties between scholarly mobility and collaboration and to better identify
the causal direction between the two, at the micro (individual scholar) level which is still missing from the literature
(27). It is necessary to determine whether the causation is from mobility to collaboration (47) or bidirectional (18,
48) or inconclusive based on the vast literature advocating one way or the other (49).
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A World

B Europe

Fig. 1: Combined internal and international net migration rate per 1000 scholars at the province
level worldwide (A) and Europe (B). Colors present the net migration rate of scholars sent (negative, red
colors) or received (positive, green colors) in a year for the latest six years as an illustrative example of the 25
years studied, and yellow shows a balanced flow. Color scales are kept similar in the two maps to allow comparison
while the upper and lower class includes above 1000 and below -100 net rates, respectively. Numbers printed on the
legend are the combined net rate of scholars sent or received to/from international and internal origins/destinations
showing which regions are sending more scholars than they receive or the reverse.
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Fig. 2: Year-specific region-based Gini coefficients for different continents, and migration types. Two
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1 Materials and Methods
We use publications data from Elsevier’s 2020 snapshot of Scopus that is provided to us by the German Competence
Network for Bibliometrics (1) through the Max Planck Digital Library. We limit the data to only “article” and
“review” publications to have the highest quality of metadata. After disambiguation and geo-coding to the sub-
national level, following methodology outlined by us previously in Akbaritabar (2) using a local installation of
Research Organization Registry (ROR) Application Programming Interface (API), we exclude publications without
usable addresses. Our data-set includes 28,461,324 publications from 1996 to 2020 by a total of 8,225,368 Scopus
published and disambiguated authors. Note that in our statistical models, we include the data from 1998 to 2017
to reduce left- and right- censoring effects in the data.

We use a strict measure based on the mode-region of affiliation to identify mobility events which is prone to less
noise and fluctuation based on our previously published investigation and analysis (e.g., see 3–5). We considered
all affiliation countries of a Scopus author ID in a single year. If there is more than one country in a year, we take
the mode (the most frequent affiliation) of all countries and in the case of multiple modes, we choose the one that
was present in the closest previous years. When all mode countries are unique and new, we choose one randomly
(3, 6). A migration event is recorded when the mode of the country of residence in year t changes in year of
next observation. The same happens for the sub-national regions and the residence is the mode region in a given
year. Furthermore, we assume a two years preparation time for all publications to cover disciplinary differences
in publication delay (7). If there are gaps in publication years (e.g., authors are not publishing continuously),
we backward fill each publication year for two years and assume the author’s residence to have been changed two
years earlier (6). If there is enough evidence (i.e., continuous publication activity), we consider the year a modal
affiliation changes, as the migration year. Note that in literature, migration is considered a longer-term mobility
event (8), and for shorter-term moves, labels such as workplace mobility have been used (9). Here by the mode-based
definition, mobility needs to happen over a minimum of two years (and cannot happen in the same year), hence, we
consider this a longer-term move than travelling or temporary stays which might not result in a change in academic
affiliation address. Therefore, we use the words mobility and migration interchangeably throughout the text.

To aggregate the count of migration events to the region, country, and continent levels, we calculated different
measures. We calculated the net migration rate as in equation 1 that accounts for the incoming and outgoing
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population of scholars over the total number of scholars in a region or country in a given year and extended it to
the most recent six-year period.

NMRi,t,k = 1000× Ii,t,k − Ei,t,k

Ni,t
(1)

where i is the sub-national region. t is the year. Subscript k shows the type of data, i.e., internal or international.
Ii,t is the inflow of scholars entering a region and Ei,t is the outflow of scholars exiting that region. Ni,t is the total
number of scholars in the region in a given year. We present results based on NMR of internal and international
scholarly mobility to highlight the interdependence between these two systems of migration (e.g., as emphasized by
Skeldon (10) and King and Skeldon (11)).

1.1 Statistical methods

Migration trends within continents (figure S1) were calculated using Generalized Additive Mixed Models (GAMM).
GAMM are an extension of the Generalized Linear Mixed Models (GLMM) that are applied to model non-linear
relationships using penalized smooth functions of selected predictor variables. We use a quasi-Poisson distribution
(log as the link function) to account for potential over-dispersion and Restricted Maximum Likelihood (fREML)
as a fitting method. In GAMM, migration rates were modeled using count data models with offset set to the log
number of scholars in a specific region and for a given year (exposures approximation). The model was fitted using
the following formula

log counts ∼ s(year) + sfs(year, region) + offset

where s(year) is a smooth function of year using p-spline basis and sfs() is a factor smooth interaction used to
model random effects. We also tested an alternative simpler model

log counts ∼ s(year) + sre(year, region) + sre(region) + offset

where sre() is used to model simple uncorrelated random effects. Both models gave very similar results. Please see
(12) for different application of similar models.

Slope coefficients shown in Fig. 3A and 3B in the main text were used to measure a general time trend and were
estimated separately for each region. We employed count data models assuming migration counts as the dependent
variable, with offset set to the log number of scholars in a specific region and for a given year (similarly to the
approach used in GAMMs mentioned earlier). The quasi-Poisson distribution (with a log link function) was chosen
because it can account for overdispersion, a common issue encountered when fitting standard Poisson models. The
model was fitted in R (13) using the gam() function of the mgcv package (14). To quantify inequality in migration
rates among regions we used Gini coefficient.

The Kendall rank coefficient (15) was used to measure the ordinal association between two variables and it is
based on ranking the elements of the sample. In Fig. S2 and S3 we calculated Kendall rank coefficients independently
for each regional trend. In Fig. 4 in the main text Kendall rank coefficients were also calculated for each region
separately, but we use it to measure the association between internal and international migration rates. Migration
rates were calculated as counts of migration events divided by the number of scholars.

Figures 3A and 3B in the main text, as well as S2 and S3 show two regression lines. Thin lines represent standard
least squares regression (OLS). The thick lines show the OLS, which takes into account the heteroscedasticity
problems associated with different standard errors of the dependent and independent variables. To correct for
the heteroscedasticity of the dependent variable, we used the algorithm proposed by Lewis and Linzer (16). The
heteroscedasticity of the independent variable was adjusted by assuming weights equal to the reciprocal of the
variance of each observation.
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Fig. S1 shows the temporal change in two systems of migration, i.e., internal and international, compared across
in-migration and out-migration. In all continents, the in-migration for both international (blue line) and internal
(red line) stays above the out-migration for international (green line) and internal (yellow line). In Africa and
Oceania, the international rates have a large gap with the internal rates and the order of magnitude in internal
is much higher, i.e., close to twice the international one. In Europe and North America, the reverse is happening
and the internal rates are above the international rates while the order of magnitude is closer and the gap is less
pronounced. In most continents, the trends are decreasing over time, meaning the migration of scholars is decreasing
with the exception of internal out-migration in Africa, Asia and South America and internal in-migration in South
America.

2 Supplementary methods and results
Here we present further information on our data, pre-processing steps needed, and additional and detailed results
on specific country cases to complement the image presented in the main text.

2.1 Additional detail on data and pre-processing steps

We use publications data from Elsevier’s 2020 snapshot of Scopus that is provided to us by the German Competence
Network for Bibliometrics (1). It includes 28,461,324 “article” and “review” publications from 1996 to 2020. We limit
the publication types to only these two to have the highest possible accuracy of metadata based on the evaluations
by German Competence Network for Bibliometrics (1) and ourselves (3, 4, 6). Re-purposing publication data for
our goals requires extensive data processing and cleaning. Further, bibliometric data needs fine-grained cleaning,
encoding countries and geographical regions of affiliation. Academic organization and author names need to be
disambiguated since for author names, homonyms and name changes occur and for organizations, spelling errors
or use of different order of name parts happen (17). For author names, we use Scopus’s author IDs with 98.3%
precision (no publication by others are included in X’s publication list) and 90.6% recall (all publications by X
are included) (18). For the academic affiliations and organization names, we use the methodology outlined by
Akbaritabar (2) which uses Research Organization Registry (ROR) application programming interface (API). By
sending affiliation strings from Scopus to ROR API, we can identify similar affiliations with spelling and name order
differences and group them under unique addresses. In addition, after processing bibliometric data, we complement
them with GeoNames’ codes for sub-national country regions in the highest granularity level (GeoNames Admin 1)
which is roughly equivalent to NUTS 1 level in Europe and states and provinces in most other countries such as
the US.

2.2 Additional Measures

In addition to the measures presented in the methods section, and to provide a more suitable measure of comparison
between multiple countries, we calculated the Aggregated Net Migration Rate (ANMR) as in equation 2. To
further complement our analysis and control the effectiveness of the migration events in redistributing the scholars’
population between regions inside a country, we calculated Migration Effectiveness Index (MEI) (5, 19) as in
equation 3.

ANMRt = 100×
0.5

∑
i |Ii,t,k − Ei,t,k|∑

i Ni,t
(2)

MEIt = 100×
∑

i |Ii,t,k − Ei,t,k|∑
i (Ii,t,k + Ei,t,k)

(3)
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The main difference between ANMR and MEI (as described in Miranda-González et al. (5) and Bell et al. (19))
is the population of scholars considered in the denominator which is the total population of scholars in the former
and the mobile scholars in the latter. Since count of scholars in a year could be prone to under- or over-counting,
using the count of mobile scholars entering a region or exiting would provide an alternative measure of exposure.

2.3 Net internal and international scholarly migration rates for an exemplar country

Here we present further results based on net scholarly migration rates at internal and international levels aggregated
in sub-national regions for the 24 years of observation. We present trends for all states in the USA (Fig. S6) as
one illustrative example to show how NMR rates change for these states over time. NMR rates presented further
highlights the use cases of our database to identify sending and receiving sub-national regions.

2.4 More on Aggregated Net Migration Rate, and Migration Effectiveness Index
measures

While the net migration rate provides a clear view of the number of scholars per 1,000 population of scholars who
have entered or exited a region, it does not provide a sufficient basis for comparison between regions in different
countries. Bell et al. (19) suggest using its aggregated version (ANMR) and Migration Effectiveness Index (MEI)
that allows a better evaluation of how effective migration is in redistributing the population (based on the population
at risk in the former case and among the mobile population in the latter case). Nevertheless, Bell et al. (19) highlight
the shortcomings that might arise due to the number of regions in each country and the spatial dis-aggregation.
We use GeoNames first administrative level for all countries to have a consistent view of these countries. However,
it is still prone to shortcomings as some countries are divided into many sub-national regions. In addition, some
countries (for instance the USA, the UK, Germany and Western, educated, industrialized, rich and democratic
(WEIRD) countries in general) have a more developed science system and a higher number of institutions that
allows more dynamic mobility of scholars.
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year, and continent, estimated via separate GAMMs indicated with line colors. Each line represent an
independent model visualized together to show temporal trends. While random effects of regions are included in
models, however, they are excluded from the model predictions.
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Fig. S2: Kendall correlation coefficients for in-migration rate time trends for different regions (circles)
split by continents (6 panels). Filled circles: population of scholars higher than 10,000; semi-filled circles: pop-
ulation of scholars between 1000 and 10,000; open circles population of scholars equal or lower than 1000. Percent
values in each corner denote a fraction of cases per each quadrant. Upper left quadrant: international in-migration
rate is negatively, but internal in-migration rate is positively correlated with year; Upper-right quadrant: both
international and internal in-migration rates are positively correlated with year; Bottom-left quadrant: both inter-
national and internal in-migration rates are negatively correlated with year; Bottom-right quadrant: international
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Fig. S4: Combined internal and international Migration Effectiveness Index (MEI) per 100 scholars
at the province level worldwide. MEI ranges from 0 to 1 and indicates the overall rate of movements. Lighter
and yellower colors show the regions with higher fluctuating rate of movement and darker and bluer colors show
regions with more stable migration flows.
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Fig. S5: International (A) and internal (B) net migration rate per 1000 scholars at the province level.
Colors present the net migration rate of scholars sent (negative, red colors) or received (positive, green colors), and
yellow shows a balanced flow. Color scales are kept similar in all maps using 8 classes to allow comparison while the
upper and lower class includes above 1000 and below -100 net rates, respectively. Numbers printed on the legend
are the net rate of scholars sent or received from/to international origins/destinations (A) or internal ones (B).
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Fig. S7: Countries with more than five thousand scholars per year and internal (blue, dashed line with
lighter color for the smooth trend based on mean with confidence intervals in gray) and international
(red) scholarly mobility and its comparative and aggregate view in terms of aggregate net migration
rate (i.e., ANMR) per 100 scholars. Numbers printed in bottom part of each panel is Kendall correlation of
the internal and international ANMR over the 24 years of observation indicated in green (positive correlation) or
red (negative correlation). This figure provides a nuanced temporal view of the continent (panel labels) and country
differences in ANMR measure where some countries have a dominance of internal and some international scholarly
migration that is stable over 24 years of observation, but in general most countries have declining or stable scholarly
migration. 13 countries, most of which in the EU had negative correlations between two migrations.
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