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ABSTRACT10

Subnational migration is often more intensive than international migration. These systems of migration are interrelated;
however, the literature studies internal and international migration separately. The main reason is that integrated data on
both of these migration systems are rare. In the case of scholarly migration, in addition to differences by migration type,
trends substantially differ by gender and �eld of science. We prepare and publicly share the second version of the Scholarly
Migration Database (SMD 2.0) including global bilateral �ows and rates of subnational and international migration of scholars
disaggregated by gender and �eld of science. We leverage large-scale bibliometric data from Scopus and OpenAlex to construct
an integrated history of internal and international movements of scholars at the individual level. We then aggregate these trends
to the province level (GeoNames admin 1 regions). Based on our adversarial collaboration and empirical validations using
independent and reproducible scienti�c pipelines, we develop processing steps and offer best practices for the measurement
and identi�cation of migration events. We share aggregated yearly estimates of migration rates and of bilateral �ows for 2,067
unique subnational regions worldwide in Scopus and 2,080 in OpenAlex for the period 1998-2024. We describe the data
structure and provide usage notes. Given the breadth of research using the �rst version of our database, we expect that the
publicly shared second version will further enable researchers to study the causes and the consequences of gender and �eld
differences in the migration of scholars.

11

Background & Summary12

Contributions of migrant scientists to innovation, research and development are well documented in the literature1�3 . Scholars13

with a migration experience are more productive relative to their share in the population of scholars4. Mobility is a privilege, and14

some scholars, perhaps those with fewer caring responsibilities or visa restrictions, could have better access to this privilege5. It15

has also been shown that access to mobility is more widespread in the strati�ed global science system in comparison with other16

substantially more skewed aspects such as impact (in terms of citations), productivity, and collaboration6.17

We know that migration research tends to focus on certain contexts where more data is available7,8. In an in�uential18

work, Willekens et al.9 identi�ed three priorities for advancing migration research: (1) data communication and modeling,19

(2) data collection, and (3) training. Migration is notoriously dif�cult to measure10,11, and data shortages are central to this20

problem9,12. Available data are typically small-scale and cross-sectional; large-scale, high-resolution, and global migration21

histories are extremely rare. Projects such as the Integrated Public Use Microdata Series (IPUMS)13 have revealed that even22

bilateral migration records between neighboring countries can be inconsistent, owing to differences in de�nitions, collection23

methods, and registration practices. This data shortage has led to efforts in the literature to retrospectively estimate migration24

�ows from an origin to a destination country by comparing stock data, i.e., the count of the migrant population currently25

residing in a speci�c location in a given period, with population data from the country (or region) of origin at the time of the26

move14,15. These challenges are compounded for subpopulations such as the highly skilled and scholars3,16,17. Furthermore,27

while the literature emphasizes that internal (subnational) and international systems of migration are interrelated and affect28

each other10,11,18, the lack of integrated data on both of these types of migration has inhibited studies considering both of them29

simultaneously.30

Here, we seek to address this migration data shortage, at least for the case of scholars, by leveraging two large-scale sources31

of bibliometric data: i.e., Elsevier’s proprietary Scopus database19 and the openly available OpenAlex20 database.32



In the introduction of the �rst version of the Scholarly Migration Database21, we presented different measurement approaches33

for migration of scholars based on consistent changes in academic af�liation addresses. We presented our evaluation results34

comparing scholars’ self-reported employment histories from Open Researcher and Contributor ID (ORCID) pro�les with35

migration histories constructed from bibliometric data.36

We provide best practices on how to re-purpose bibliometric information to prepare data on migration rates and �ow37

estimates for studying the global movements of scholars between internal and international pairs of origin and destination38

regions. In addition to describing the pre-processing steps, presenting illustrative examples of migration measures and trends,39

and discussing limitations and pitfalls, we share aggregated estimates at the subnational level for 2,067 unique regions in40

Scopus and 2,080 in OpenAlex from 1998 to 2024 to enable more detailed future analyses of the global circulation of academic41

talent, disaggregated by gender and �eld of science.42

Methods43

To prepare the second version of the Scholarly Migration Database, i.e., SMD 2.0, following the �rst version presented in21, we44

use an October 2025 snapshot of Scopus data and an April 2026 snapshot of OpenAlex data. Because many scholars do not45

publish in every year, the migration data suffer from left- and right-censoring22. To address this problem, at least partially, we46

analyze only the migration data from 1998 to 2024. We have set these limits because our license terms for Scopus data start47

from 1996, and we have chosen to use OpenAlex data from the same years to allow for comparisons. The Scopus publications48

include onlyArticle andReviewdocument types to ensure that the metadata on af�liation addresses have the highest quality23.49

For the OpenAlex publications, we use onlyjournal �source type�, and for item types, we include �article� and �review� to50

match our data inclusion criteria used for Scopus.51

Disambiguation of author names and af�liation addresses52

We have previously presented details about the author and af�liation name disambiguation in21 and how we ensure that53

different scholars’ publications are not mixed and that we are not constructing migration histories with potentially misspelled or54

erroneous af�liation addresses. To do so, for authors, we use identi�cation numbers added to each unique author by Scopus19.55

For organization name disambiguation, we use Research Organization Registry (ROR)’s identi�cation numbers. Since56

Scopus does not provide these, as outlined in our previous work21,23, we establish local instances of ROR Application57

Programming Interface (API) to circumvent rate limits and assign a ROR ID to 70+ million unique raw address af�liation58

strings from Scopus. The reproducible repository and Docker container image provided by the ROR community GitHub59

repository (accessed November 2025) allow this process to be scalable and parallelized. Nonetheless, due to the size of the60

input data, the disambiguation process requires substantial computational resources and several days of computation time.61

Details on the ROR disambiguation method are previously documented by us21,23and are also available in the of�cial ROR62

documentation (accessed November 2025). Brie�y, we use the multi-search strategy (accessed November 2025) offered by63

ROR with the following six methods to ensure we try any possible method to disambiguate the organization. Once results are64

obtained, ROR indicates an items as �chosen� if the con�dence is high. We follow a cautious approach and only use addresses65

indicated with this tag. A possible extension could be to de�ne a threshold and select all addresses with the chosen tag or66

having a threshold higher than a cut-off e.g., 0.80 to increase coverage.67

� PHRASE: a phrase was matched to a variant of the organization’s name68

� COMMON TERMS: the matching was done by comparing the words separately69

� FUZZY: the matching was done by a fuzzy comparison of the words separately70

� HEURISTICS: "University of X" was matched to "X University"71

� ACRONYM: matched by acronym72

� EXACT: exact match of the entered string in name values in the names �eld excluding acronyms73

For the OpenAlex data, we use the provided author identi�cation numbers, which according to the data provider20, have74

gone through multiple iterations of improvement, and we use the assigned ROR af�liation IDs that OpenAlex delivers.75

We use these ROR af�liation IDs and join them with the latest ROR data to obtain uni�ed organization names, longitude,76

latitude, and GeoNames IDs. We use these GeoNames IDs to join the entries with the GeoNames data snapshot and obtain77

Admin 1 region codes and names. These are equivalent to states in the United States, or provinces in other countries and78

territories. An illustrative example is the GeoNames administrative divisions and codes for Italy. Since some geo-mapping79

packages in R (e.g., SF) or Python (e.g., GeoPandas) do not use these IDs, we construct a bridge table that provides GeoNames80

admin 1 codes, FIPS codes, and ISO-3166-2 equivalents.81
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Reproducible pre-processing pipeline82

In SMD 1.0, we created a reproducible pipeline to ingest, process, and complement the input data in subsequent steps before83

migration event identi�cation. In SMD 2.0, to further validate our data processing procedures, we followed an adversarial84

collaboration24,25approach, i.e., in independent efforts by members of our team, we rewrote and updated the data processing85

and analysis scripts, and cross-validated our �ndings. Results are described below in the technical validation section.86

Figure 1 shows the steps involved in the collection, processing, and export of the Scholarly Migration Database 2.0.87

The bibliometric data delivered by the database owner, i.e., Scopus, to the German Competence Network for Bibliometrics88

(Kompetenznetzwerk Bibliometrie, KB)26 and through the Max Planck Digital Library (MPDL) to us need to be pre-processed89

to allow for the identi�cation of migration events. We obtain the raw Scopus data from KB’s database via PostgreSQL queries.90

See Schmidt et al.’s26 description of this data infrastructure. For OpenAlex20, we obtain the latest publicly available data and91

process them ourselves at the Max Planck Institute for Demographic Research (MPIDR).92

Construction of authorship records, treatment of multiple af�liations, and gaps in publication activity . For each93

author, we obtain the list of all publications and process the metadata to assign a date to each author-publication-af�liation94

triplet, i.e., an authorship record which also includes multiple af�liations used in one publication as shown below.95

Table 1 shows illustrative examples of seven publications from 2015-2024 for one author, i.e., John Doe, where he has96

the af�liations �1�, �2�, and �3� in countries �1� and �2�. This example illustrates several methodological aspects and the97

decisions made to address them in SMD’s processing pipeline. We see that in publications 2 and 3, John Doe has included three98

af�liation addresses 1, 2, and 3, i.e., he is a multiple af�liation scholar, while in publications 1, 4, 5, 6, and 7, he has only one99

af�liation. It is important to note that af�liations �2� and �3� both are located in country �2�, but they are in regions �1� and100

�2�. In years 2017 to 2022, we do not have publications recorded for him in the database. In year 2023, we see that John Doe101

has two publications, 5 and 6, and in both of them, he has used af�liation �3� in country �2�. We reduce the addresses used102

in each year, using a mode-based method, and address gaps in publication activity, which are described further below in the103

migration event identi�cation section.104

Country of origin assignment. Bibliometric data do not include the countries of origin of the authors, i.e., their nationalities105

or citizenship. This is a limitation as we cannot identify a country of origin for migrant scholars. In our previous work, as one106

possible solution, we have used Machine Learning models to assign nationalities to names using text analysis in the context107

of differentiating between return migration and emigration22. However, the raw bibliometric data only indicate the authors’108

countries and addresses of af�liation at the time of publication, which can be used as proxies for their residential addresses as109

we have used in our prior works18,27�32.110

Subnational region of origin assignment and geo-coding. As outlined above about the need for organization name111

disambiguation, we use local instances of ROR API to disambiguate 70+ million address strings from Scopus. Once we join112

the disambiguated addresses, using ROR IDs, with ROR data and then GeoNames data, we obtain GeoNames admin 1 codes113

which are equivalent to provinces.114

Gender assignment. We use a neural network model to infer the gender using an author’s full name33. We use a dataset115

extracted from Wikidata that includes all entities indicated ashumanwith a name and an assigned gender of male or female.116

Our validations with human labeled data showed that our method was on par with the commercial offering Namsor and117

better than the commercial gender prediction APIs from GenderAPI, Genderize.io, GenderGuesser and NameAPI. For gender118

predictions with low con�dence, we use �unknown gender� and keep these in our data. Different groups of scholars have119

different propensity to fall into this group which is due to both cultural naming conventions and less available training data for120

non-western names5.121

Field of science assignment. To assign a �eld to each scholar, we use the Scopus All Science Journal Classi�cation (ASJC)122

or OpenAlex topics assignments for each publication. To aggregate these classi�cations from the publication to the author level,123

we take the �mode �eld of science� which covers the most publications over a scholar’s career. We use multiple classi�cations124

assigned to a publication to allow for inter- and multi-disciplinary studies to be considered in all respective �elds. This approach125

is consistent with the �eld with the highest proportion of publications that we have used previously6,18. However, we emphasize126

this assignment is a �time invariant� one and it is in�uenced by the frequency of publications in certain �elds.127

In SMD 2.0, we use six macro �elds of science which are equivalent to the Organization for Economic Co-operation and128

Development (OECD) �elds of science assignments34. To facilitate the database’s usage, we further group these six �elds, by129

merging those which have similar publication and collaboration cultures, to three macro �elds of science, as listed below:130

� ‘Medical and Health Sciences’: is not grouped due to the large share of publications, kept as ‘MhS’.131

� ‘Humanities’ and ‘Social Sciences’: merged into ‘HumSS’.132

� ‘Natural Sciences’, ‘Engineering and Technology’, and ‘Agricultural Sciences’: merged into ‘AgEnNat’.133
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Identifying migration events134

A migration event is identi�ed based on a change in a scholar’s af�liation addresses. This event can be identi�ed in different135

ways. One is to include all af�liations per author and any changes in those af�liations as proxies fortravel activityand136

mobility28,35, or to consider only long-termmigration. We use the de�nition proposed by the United Nations for international137

migration that considers a change in usual residential address spanning a minimum of one year36,37. We apply this de�nition138

consistently to all scholars to detect long-term moves and reduce potential noise caused by short-term mobility and stays.139

The migration counts and �ows are based on the aggregation of all migration events that we can detect using changes in the140

af�liation addresses of authors.141

Mode-based method142

After the pre-processing of the constructed authorship records, we determine the subnational region of residence for every143

author and year. More speci�cally, we consider all the af�liation regions of an author_id in one year. If there is more than one144

region, we take the mode of all regions. If there is more than one mode, we check whether one of the modes is the previous145

region of residence, and take that region as the new region of residence. If that is not the case, we sort the modes alphabetically146

and choose the �rst mode to keep this deterministic and reproducible. We tested with selecting a random mode in SMD 1.0,147

and also by sorting the multiple modes in reverse alphabetical order. Since having multiple modes without overlaps is not very148

common, the results are affected only to a very small extent by these changes (see illustrative examples in Table 1). As shown149

in our previous work18, we kept the deterministic and reproducible version. If our comparison with the previous and next year150

indicates that the most occurring af�liation, i.e., mode-region, has not changed, we do not record a migration event.151

To determine migration events, an algorithm then goes through the years and logs a migration event when the region152

of residence, using the mode-based method, changes. If there are gaps in the publication activity (e.g., if the author is not153

publishing every year), we back�ll the gap years by 2 years as shown in the example in Table 1 by assuming atwo-year154

preparation time for all publications to cover disciplinary differences in publication delays38. If there are no gaps in publication155

activity, we do not apply such back-�lls. Here again, we emphasize that such gaps are not very common and would affect156

about 10% of all scholars, most of whom are not mobile, as we have shown previously39. Please note that migration events are157

identi�ed after the back�ll is applied to address any gaps. If there is enough evidence to do so (i.e., continuous publication158

activity, for which no back�ll is needed), we consider the year when the modal af�liation changes as the migration year.159

Evaluations by independent researchers have shown that the mode-based method is a cautious treatment, as described above,160

favoring longer-term mobility events that resemble migration40 which is consistent with our previous evaluations18.161

During the preparation steps of SMD 2.0, in addition to our default 2-year back�ll, we tested with 1, 3, and 4 years of162

back�ll and since the results are not substantially different, we kept the 2-year default version.163

Numerator and denominator populations164

Once we have detected all migration events, we aggregate them by subnational region and year into emigration and immigration165

counts, which allows us to calculate other measures such as the net migration rate. To generate measures of exposure (i.e., the166

denominators for migration rates, or the size of the population of researchers per region and year), we count the number of167

active scholars for each year and region. The active scholars in a given year include those who have published at least one168

article or one review during that year.169

To deal with missing observations, we assume that an author who has not published in a particular year is still part of the170

population of active scholars if he or she published one or two years later. Finally, we exclude authors who haveonly one171

indexed publication during their entire career from the denominator of the scholars’ population. The reason for this exclusion is172

twofold. First, these scholars might be junior researchers who have just graduated or who have left academia. Since we do173

not have a livecensusof all academics globally, we cannot consider them as part of the pool ofactive scholars. Furthermore,174

in each given year, there is a fraction of scholars who enter the pool of active publishers (by having their �rst publication in175

the sample) and who exit this pool in the following years41. Counting them among the active scholars would over-in�ate the176

population of scholars and cause our measures to be arti�cially smaller. Second, by de�nition of the annual mode region,177

scholars with publications in only one year could not have migrated (i.e., contributed to the numerator), it is reasonable to178

exclude them from the denominator. We have tested such inactivity periods between publications in previous research. We179

found that about 90% of scholars do not experience longer than 5 years of inactivity39.180

Nonetheless, in the preparation process of SMD 2.0, we tested with including authors who have publications in only one year.181

This proved to affect the denominators and shift our migration rates to smaller values, but it did not show substantial shifts in the182

in-, out-, or net-migration rates that would switch from an extremely positive NMR to a negative one. We continue to exclude183

authors with publications in only one year, because we think that these include to a larger part authors and disambiguation184

artifacts that do not fall under common de�nitions of scholars.185
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Bilateral migration �ows between internal and/or international subnational regions186

Each identi�ed migration event, based on a change in the mode region of af�liation, connects a pair of regions: i.e., an origin187

region (O) and a destination region (D) which could bewithin a country (internal migration) orbetweendifferent countries188

(international migration). Using these OD pairs and the determined year of migration, after any necessary back�ll has been189

applied in case of gaps in publication activity, we can construct yearly bilateral �ows between these subnational regions and190

origin-destination matrices14,15. These matrices are not based on estimates, and they include actual migration events observed191

in the data as described above. This enables us to identify migration corridors in which a large proportion of scholars move192

between speci�c pairs of regions.193

Migration measures194

To evaluate the exposure of populations to migration events, we calculate different measures. We calculateinternal (within195

country) andinternational(between countries)in-migration(equation 1),out-migration(equation 2), andnet migrationcounts196

(equation 3) and rates (equation 4) for subnational regions as follows. Rates are standardized using the population of scholars197

(padded population after backward-�ll and exclusion of authors with only publications in one year) to account for the size198

differences27,42.199

IMRi ;k ;t ;d =
Ii ;k ;t ;d
Ni ;k ;t ;d

(1)

EMRi ;k ;t ;d =
Ei ;k ;t ;d
Ni ;k ;t ;d

(2)

NMi ;k ;t ;d = Ii ;k ;t ;d � Ei ;k ;t ;d (3)

NMRi ;k ;t ;d =
Ii ;k ;t ;d � Ei ;k ;t ;d

Ni ;k ;t ;d
(4)

wherei is the region (either a country or a subnational region),k is the type of data, i.e., internal or international migration,200

t is the year,d indicates the disaggregation variable, i.e., gender or �eld of science, when we recalculate these measures using201

these two disaggregation variables,Ii ;k ;t ;d is the in�ow of scholars entering a region,Ei ;k ;t ;d is the out�ow of scholars exiting202

that region, andNi ;k ;t ;d is the total number of scholars in the region in a given year.203

Data Records204

The dataset is available at Zenodo43 (Link: https://doi.org/10.5281/zenodo.20487917 ) in the form of two205

tables on global internal and international migration rates and �ows at provinces (subnational region) level. It has been prepared206

at the region level, and shared publicly under CC-BY license as two CSV �les. This database was released following a series of207

empirical validation studies by our group5,18,27�32. We con�rm that no individual-level raw bibliometric data is shared in the208

provided dataset. The shared data includes only aggregated and region-level records that match the data provider’s license209

terms, i.e., Elsevier’s Scopus. Examples of these datasets are presented here.210

Table 3 shows column names and their descriptions for themigration ratesdata per region-year combination. Each row in211

the data provided in this table is a region and year combination, with the columns providing information from OpenAlex and212

Scopus on the count of scholars, the padded population based on the two-year backward �lling method described above (in case213

of gaps), and the numbers of incoming and outgoing scholars for this region. There are equivalent �les for country level using214

the same column names, but including country codes in �regioncode� column.215

Table 4 shows column names and their descriptions for the�ow data per subnational region pair and year combination.216

Each row in the data provided in this table is a pair of two regions, i.e., the origin region (O) and the destination region (D);217

and the next columns give the count of scholars who have migrated from O to D in the given year based on the Scopus and218

OpenAlex data. There are equivalent �les for country level using the same column names, but including country codes in219

�regionfrom� and �regionto� columns.220

Furthermore, the region rates are disaggregated by two variables, i.e., gender and �eld of science. The bilateral �ows are221

also disaggregated by these variables. To obtain all rates or �ows, �lter the disaggregation column as �all�. For the gender and222

the �eld columns, the values of the rows with �all� are the sum of the disaggregated version.223
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Technical Validation224

In validating the prepared data of SMD 2.0, based on experience with and feedback on the �rst version, we have revisited225

our reproducible work�ow, updated it according to the above description, and implemented an adversarial collaboration226

approach24,25 to ensure the quality and validity of the database via independent reproducibility efforts and cross-validation of227

results.228

Previously, we have discussed validation steps for the methods, that were described above, in18,27�32. As an example, we229

control for the effect of different backward-�ll and forward padding settings for publication years (e.g., for the years when a230

scholar does not publish) and their impact on the migration rates. In addition, we control for the quality of the bibliometric231

metadata, and consider limits on the subset of the data with suf�cient quality to be included in the shared data. This entails232

excluding speci�c starting and ending years, af�liation addresses that are not for authors (e.g., for publishing houses), and233

document types to ensure the reliability of the shared data.234

In SMD 2.0, while the analysis work�ow progresses, in addition to the usual logging reports to control the process and235

potential failures with status reports, we have produced sanity-checks at author and subnational region levels. This entails that in236

each step, using different con�gurations, e.g., for inclusion or exclusion of authors with only one year of publication (single year237

authors), or the choice of the number of years for back�ll 1, 2, 3, or 4, we have selected random authors and subnational regions238

for each scenario and checked their input data, the inferred and assigned regions of residence, and the identi�ed migration239

events. For the randomly selected regions, we have produced these sanity checks for the input data, calculated migration240

measures, and aggregated �nal results that database users will obtain.241

The scienti�c analysis work�ow is implemented once in Python, which is an updated version of the pipeline used in SMD242

1.0, and once in a parallel adversarial attempt, it is implemented in SQL using DuckDB44 and in the form of a reproducible243

SnakeMake work�ow45. This uses state-of-the-art technologies to be ef�cient, to enable parallelized processing of steps that244

are independent of each other, e.g., testing different back�ll options of 1, 2, 3, and 4 years or visualizing sanity check �gures245

and results, and to be scalable as the input bibliometric data grows exponentially.246

Here, we present 1) illustrative results that can be obtained from the constructed database, and 2) results of our comparison247

and validation of the in-, out-, and net-migration rates, and of the population of scholars based on Scopus and OpenAlex, and248

disaggregated by gender and �eld of science. Furthermore, we present results of relative percentage difference between yearly249

migration rates, and bilateral �ows, produced by the two independent pipelines as an example of a cross-validation exercise to250

ensure the reliability of the pipeline logic, implementation steps, and aggregation of results.251

Figure 2 shows the combined internal and international net migration rates (NMR) worldwide based on Scopus per 1,000252

scholars from 1998-2024. It shows example results that could be obtained at the subnational GeoNames admin 1 region level253

(roughly equivalent to states or provinces). We see that while Eastern and mid-East states in the US have yellowish colors,254

meaning they send more scholars than they receive, the Western and mid-West states have greenish colors and receive more255

scholars.256

Figure 3 provides the disaggregated view of NMR by gender. It shows, for instance, that while some regions in India have257

green colors for men, the same regions have darker red colors for women and for scholars of unknown gender, indicating a net258

out-migration compared to men, for whom the same regions show a net in-migration.259

Figure 4 provides the disaggregated view of NMR by �elds of science. It shows that for Humanities and Social Sciences260

(middle row), there are more states with yellow and red colors in the US than in Medical and Health Sciences, and Agricultural261

Sciences, Natural Sciences, and Engineering and Technology, indicating higher out-migration rates in contrast to in-migration.262

Figures 5 and 6 show the example of the subnational regions (each sub-plot) in the United States based on Scopus and263

OpenAlex, respectively, and the temporal trend in- and out-migration rates for internal (blue) and international (red) data per264

100 scholars. In almost all subnational regions, in Scopus and OpenAlex, the blue lines for internal in- and out-migration rates265

appear above the red ones for international rates indicating a higher intensity for this type of migration from 1998-2024.266

Figures 7 and 8 show the 12 pairs of subnational regions with the highest bilateral �ows of scholars sent or received within267

a continent and between regions of different continents to illustrate the nature of �ow data. The origin (Y-axis) and destination268

(X-axis) pairs of subnational regions in these two �gures are based on Scopus and OpenAlex, respectively.269

In almost all pairs of selected regions, internal �ows within the continent (cells adjacent to each other) are higher than270

�ows to regions in other continents. Furthermore, it is clear that �GB.ENG� region in the UK has the highest �ows among271

the selected regions exchanged with other regions inside Europe, in North America, Oceania and other continents. California272

(US.CA) and New York (US.NY) regions in the US show large �ows with each other and with regions in other countries.273

Figure 9 shows the result of adversarial collaboration among SMD 2.0 team members and relative percentage difference274

(i.e., rates from one pipeline - rates from the second pipeline, divided by the rates from the �rst pipeline, and multiplied by 100)275

for yearly bilateral �ows (left) and rates (right) in each subnational region. The results are presented as a binned bar plot where276

a 0% relative difference, as it is shown in the �gure, indicates that both pipelines have produced identical yearly �ows and rates.277
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Usage Notes278

Please note that in our joint processing of the Scopus and OpenAlex data and in order to maximize coverage, we keep all279

region-year pairs for which one of these databases has counts. By contrast, in our visualizations, we exclude the rows in which280

one of the databases does not have measurements for a region-year pair. In using the shared dataset, please consider �ltering281

the rows according to your goals and research question. The same applies to the disaggregation variables which, as described282

above, include both an �all� category covering all observations and separate categories for men, women, unknown genders, and283

�elds of science.284

Code availability285

All scripts to replicate the presented validation analysis are publicly accessible under Affero General Public License (AGPL)286

(2024, SMD 1.0 version46, and 2026, SMD 2.0 version43 alongside the aggregated datasets based on Scopus and OpenAlex on287

Zenodo athttps://doi.org/10.5281/zenodo.20487917 .288
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Figures & Tables402

Figure 1. Data collection (light yellow steps), processing (green), and export (orange) pipeline to prepare the Scholarly
Migration Database (SMD) 2.0, with the �rst step for Scopus data carried out at the Competence Network for Bibliometrics
(light blue bounding box) and shared with us via the Max Planck Digital Library (MPDL), and the rest of the steps carried out
at the Max Planck Institute for Demographic Research (MPIDR, gray bounding box).
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Table 1. An illustrative example of seven publications by one author, John Doe, from 2015-2024, and their respective
authorship records. The author has used multiple af�liation addresses in publications two and three. Publication in year 2022 is
backward �lled by two years to address gaps in publication activity (see a description in the identifying migration events
section).

Publication ID Author Full Name Af�liation Publication Year

Publication 1 John Doe Af�liation 1, Region 1, Country 1 2015

Publication 2 John Doe Af�liation 1, Region 1, Country 1 2016
Publication 2 John Doe Af�liation 2, Region 1, Country 2 2016
Publication 2 John Doe Af�liation 3, Region 2, Country 2 2016

Publication 3 John Doe Af�liation 1, Region 1, Country 1 2017
Publication 3 John Doe Af�liation 2, Region 1, Country 2 2017
Publication 3 John Doe Af�liation 3, Region 2, Country 2 2017

. . . (gap) . . . (gap) . . . (gap) . . . (gap)

Publication 4 (back�lled) John Doe (back�lled) Af�liation 3, Region 2, Country
2 (back�lled)

2020 (back�lled)

Publication 4 (back�lled) John Doe (back�lled) Af�liation 3, Region 2, Country
2 (back�lled)

2021 (back�lled)

Publication 4 John Doe Af�liation 3, Region 2, Country 2 2022

Publication 5 John Doe Af�liation 3, Region 2, Country 2 2023

Publication 6 John Doe Af�liation 3, Region 2, Country 2 2023

Publication 7 John Doe Af�liation 3, Region 2, Country 2 2024
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Table 2. Description of folder structure and �les in the produced and publicly accessible Scholarly Migration Database 2.0.
For convenience of use, we have included the dataset in both CSV and parquet formats while maintaining the same �le names.

File name Description
ReadMe.md Description �le in Markdown format.

scopus_202*_V*_scholarlymigration_region_enriched.csv
Subnational region level yearly dataset on international
emigration, immigration, net migration rates and other
variables based on Scopus.

scopus_202*_V*_scholarlymigration_region�ows_enriched.csv
Subnational region level yearly ��ow" dataset on international
emigration, immigration, net migration rates and other
variables based on Scopus.

openalex_202*_V*_scholarlymigration_region_enriched.csv
Subnational region level yearly dataset on international
emigration, immigration, net migration rates and
other variables based on OpenAlex.

openalex_202*_V*_scholarlymigration_region�ows_enriched.csv
Subnational region level yearly ��ow" dataset on international
emigration, immigration, net migration rates and
other variables based on OpenAlex.

01_prepare_enrich_data.py Source code (Python >=3.13) for downloading World
Bank data and merging with Scopus and OpenAlex data.

02_merge_openalex_and_scopus.py Source code (Python >=3.13) for merging Scopus
and OpenAlex data.

data_input\ Folder with input data (aggregated
migration events of scholars).

data_processed\ Folder with processed/enriched data.
Produced by scripts 01 and 02
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Table 3. Description of columns and variables available in the region table for internal and international migration rates data
per subnational region and year combination. There are equivalent �les for country level using the same column names, but
including country codes in �regioncode� column. Each row includes one pair of region and year, and the next columns provide
information from OpenAlex and Scopus.

Column name Description
year Year
gender One of ‘m’, ‘f’, ‘u’ (for unknown gender), or ‘all’
�eld One of the three �elds of science or ‘all’

area GeoNames admin 1 region code for the subnational table
ISO 3166-1 alpha-3 country code for the national table

padded_population_of_researchers
Population of researchers after
2 years backward �lling (padding)
is applied

number_of_inmigrations Number of in-migrating researchers
number_of_outmigrations Number of out-migrating researchers
netmigration Net migration count

outmigrationrate Out-migration rate standardized
by population of researchers

inmigrationrate In-migration rate standardized
by population of researchers

netmigrationrate Net migration rate standardized
by population of researchers

iso2code Country ISO 3166-1 alpha-2 code
iso3code Country ISO 3166-1 alpha-3 code
countryname Country name
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Table 4. Description of columns and variables available in the ��ow" dataset table for internal and international migration �ow
data per subnational region pair and year combination. There are equivalent �les for country level using the same column
names, but including country codes in �area_from� and �area_to� columns. Each row includes a pair of source- and
destination-region and year, and the next columns provide information from OpenAlex and Scopus.

Column name Description

area_from
Region name for migration
�ow’s "origin" (is a country,
or the subnational region)

area_to
Region name for migration
�ow’s "destination" (is a country,
or the subnational region)

gender One of ‘m’, ‘f’, ‘u’ (for unknown gender), or ‘all’
�eld One of the three �elds of science or ‘all’
year Year
n_migrations Number of migrating scholars
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Figure 2. Subnational net migration rate worldwide from 1998-2024 based on Scopus, shown as the rate per 1,000 active
scholars.
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Figure 3. Subnational net migration rate worldwide from 1998-2024 based on Scopus, shown as the rate per 1,000 active
scholars. The NMRs are disaggregated by gender for men (top row), women (middle), and unknown gender (bottom).
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Figure 4. Subnational net migration rate worldwide from 1998-2024 based on Scopus, shown as the rate per 1,000 active
scholars. The NMRs are disaggregated by �eld of science for Medical and Health Sciences (top row), Humanities and Social
Sciences (middle), and Agricultural Sciences, Natural Sciences, and Engineering and Technology (bottom).
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