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Existing estimates of human migration are limited in their scope, reliability, and
timeliness, prompting the United Nations and the Global Compact on Migration to
call for improved data collection. Using privacy protected records from three billion
Facebook users, we estimate country-to-country migration flows at monthly granularity
for 181 countries, accounting for selection into Facebook usage. Our estimates closely
match high-quality measures of migration where available but can be produced nearly
worldwide and with less delay than alternative methods. We estimate that 39.1 million
people migrated internationally in 2022 (0.63% of the population of the countries in
our sample). Migration flows significantly changed during the COVID-19 pandemic,
decreasing by 64% before rebounding in 2022 to a pace 24% above the precrisis rate.
‘We also find that migration from Ukraine increased tenfold in the wake of the Russian
invasion. To support research and policy interventions, we release these estimates
publicly through the Humanitarian Data Exchange.

migration flow | international migration | human migration

Estimates of migration flows are widely used in evidence-based policymaking, informing
efforts to address domestic labor shortages (1), mitigate the negative effects of emigration
(2), and increase immigrants’ employment rates (3). Despite the value of these estimates,
the International Organization for Migration (IOM) noted in its 2022 World Migration
Report that only 45 governments provide data on migration flows, in part because the
collection of accurate figures is “extremely difficult” (4, 5). The report also noted that
these figures use inconsistent methodologies and definitions of migration and are often
out of date: the latest estimates cataloged by the United Nations Population Division
date to 2015, while figures for a smaller group of wealthy countries are published only
after a three-year delay (6, 7). As a result, the collection of accurate migration statistics
was listed as the top objective of the 2018 Global Compact for Migration, with the IOM
estimating that better estimates could be worth as much as $35 billion to governments
and migrants (8, 9).

To address the limitations of the existing data, researchers have used alternative meth-
ods to estimate the rate of migration between countries. One such approach estimates
migration flows using time-series data on migrant stocks from surveys or censuses.
Though most countries produce data on migrant stocks, such data are usually collected
infrequently, making it impossible to calculate monthly migration flows (10-13).
Recently, researchers have used new data sources, such as cell phone records and geotagged
Tweets, to measure migration in a more timely fashion, but these approaches have been
limited in their geographic scope or representativeness (14—20).

In this paper, we estimate migration flows between 181 countries™ for each month from
January 2019 through December 2022 using privacy protected data from 3 billion active
users of Facebook, the world’s largest social network. To do this, we identify changes in
the predicted home location of each user over time. We define a migration event as an
instance in which an individual who has resided in a country for more than a year moves
to another country, which they then reside in for more than one year. This approach
matches the United Nations’ recommended definition of migration.” If individuals or
families who leave a country and go from place to place in transit (staying less than 12 mo)
until they reach the destination, they are not considered migrants to those countries in
transit. They are only counted in the migration estimates when they remain in the
destination for at least 12 mo. We then aggregate these individual migration events to

*A complete list of included countries can be found in S/ Appendix, Table S9. We exclude very small countries and countries
in which Facebook is banned or where other constraints restrict our estimation. We produce experimental estimates for
China in S/ Appendix, Estimates for China. These estimates use a separate methodology and are not included in most of the
figures in this paper.

Tsee the definition provided by the Statistics Division of the United Nations Department of Economic and Social Affairs
(https://www.iom.int/key-migration-terms).
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where they exist are often
outdated. The International
Organization for Migration argues
that improved migration data
would be highly beneficial,

with a value of $35 billion to
governments alone. Our
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on existing figures, allowing us to
estimate monthly migration flows
between 181 countries by
drawing on data from more than
3 billion individuals. We are
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humanitarian applications of
these data and release them
publicly to aid researchers and
policymakers.
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Fig. 1. Global international migration over time. The dashed line depicts the estimated level of migration in each month, following the procedure described
in SI Appendix, Algorithm to detect migrants using the selection rate weights described in S/ Appendix, Weighting. The solid line smooths the data over a 3-mo

window with 1 mo on each side of the current month.

country-by-country-by-month counts and apply weights to make
our estimates representative of the actual migration flows at the
population level, accounting for different Facebook usage and
levels of economic development along each migration corridor.
We validate our estimates against administrative data, which are
currently the most reliable sources of information about migra-
tion patterns. We find that our figures are strongly correlated
with these traditional data sources, where they exist. We release
the migration estimates publicly through the Humanitarian
Data Exchange (https://data.humdata.org/dataset/international-
migration-flows) as a resource for researchers and policymakers.
It contains the monthly estimates for each country pair from
2019 to 2022. The list of countries is in S/ Appendix, Table S9.
For each country in the dataset, we release the flow for both
directions.

Global Migration Patterns

We estimate that around 3.3 million peoplei migrated each
month in 2022 between the 181 countries® in our study
(Fig. 1). In total, we estimate that 39.1 million people migrated
internationally that year, approximately 0.63% of the population
of the countries in our sample.y The United States had the
highest positive net migration in 2022, with over 3.27 million
more people migrating to the country than leaving it (Fig. 2B).
Ukraine saw the largest net outflow, losing over 2.34 million
people in 2022 after it was invaded by Russia.* The United
States, Saudi Arabia, and the United Arab Emirates are the top
three countries in terms of the migration inflows (Fig. 2C), while
for the migration outflows, the top three countries are India,
Ukraine, and Saudi Arabia (Fig. 2D).

In Fig. 24, we plot the geographic distribution of these flows at
the regional level. This plot displays migration in 2022, though
we find broadly similar patterns of migration corridors in the
other years we study. T At the country pair level, Fig. 2E shows that

iThe United Nations estimates a global population of 281 million migrants in 2020 (21).
Note that this figure is referring to the migration stock population, not the migration flow.
The migration stock is a count of persons who are currently not in their country of birth,
regardless of when they arrived at their destination country, while we count the number
of people who moved between countries in a given year.

SThe 181 countries in our study account for 79.2% of the global population. In S/ Appendix,
Estimates for China, we demonstrate how we can adapt our methodology to estimate
migration to and from China, the largest country not included in our main results. When
we include China in our estimates, the countries in our sample account for 97.4% of the
world population. Estimates for China are not included in our public data release.

Sin s Appendix, Estimates for China, we estimate that in 2022 around 81,000 people
migrated to China and 1.1 million migrated away, boosting our global migration figures to
40.2 million and 0.53% of the population of the larger 182-country sample.

#Our estimate is lower than the number of Ukrainians who sought Temporary Protected
Status after leaving the country. We believe this is due to our more conservative definition
of migration; see S/ Appendix, Crisis-Induced Migration for more details.

IIA regression of the natural logarithm of the number of migrants in each year on year
and country-pair fixed effects explains 88.9% of the variation in the data.
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close to one million people migrated from Mexico to the United
States in 2022. In addition to country pairs with close proximity
where migration corridors are prevalent, we also observe the
existence of persistent migration between a number of far-away
country pairs. To explain this persistence, we next discuss several
factors which drive migration along these established corridors.

Distance is a strong predictor of the rate of migration between
countries: over 20.9% of migration in 2022 occurred between
bordering countries, despite fewer than 1.7% of country pairs
sharing a border. Even among countries that do not share a
border, we observe substantial clustering of migration at the
regional level, with particularly large flows of migrants within
Europe, in part due to the lack of internal migration restrictions
within the European Union. We also observe notably large flows
within Latin America and the Caribbean, driven by migrants
from Venezuela to nearby countries.

We also observe several long-distance migration corridors that
see persistently high levels of migration. For instance, we observe
large flows between West Asia and South Asia, driven largely
by labor migration from India, Pakistan, and Bangladesh to
Saudi Arabia, Qatar, and the United Arab Emirates. Unusually,
this corridor sees largely symmetric migration patterns, since
migrants usually return to their origin at the conclusion of their
contract (4). Other destinations, particularly Europe and North
America, see inflows from a more diffuse set of regions due
to the differing set of institutions governing migration to these
regions. In ST Appendix, Social Networks and Migration, we show
that social ties between the origin and destination are strongly
predictive of these flows, even between geographically distant
country pairs.

We also observe that both origin- and destination-country
development are strongly predictive of migration rates, with
countries classified as high-income by the World Bank attracting
67% of global migrants (22). Additionally, high-income coun-
tries send 33% of the global migrants despite comprising just
19% of the world population, aligning with prior research that
migrants tend to be wealthier (23). These patterns are visualized
in SI Appendix, National Income Levels and Migration Trends.

Although migration corridors are generally stable, our monthly
data allow us to observe how migration patterns shift in response
to crises or policy changes. Such shifts, despite their importance
in policymaking, have historically been hard to observe due to
the limited resolution of existing migration estimates. We observe
that crises can lead to dramatic changes in migration; 2.3 million
people emigrated from Ukraine following Russia’s invasion of the
country in February 2022 and settled elsewhere between February
and December 2022 for at least a year, a tenfold increase over
the prewar emigration rate. We find that Poland, Germany, the
Czech Republic, the United States, and the United Kingdom

have received the highest number of migrants, which are closely
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Fig. 2. Estimated international migration flows in 2022, in millions of people. (A) International migration flows between and within regions in 2022. Lines
measure aggregate flows between all country pairs in each region. (B) Top and bottom five countries by annual net migration in 2022. Orange bars depict
countries with net emigration; blue bars depict those with net immigration. (C) Top five countries by annual gross migration inflows in 2022. (D) Top five
countries by annual gross migration outflows in 2022. (E) Top five (directed) country pairs for annual migration in 2022.

aligned with estimates from the UNHCR** (24), though the
Czech Republic and Estonia have received the largest share
relative to their population. We estimate that flows from Hong
Kong to the United Kingdom increased more than fifteenfold
in the wake of Hong Kong’s passage of a contentious security
law in June 2020, while migration from Myanmar to Singapore
increased more than fivefold in the wake of a coup in the former
country in February 2021. We discuss these patterns in more
detail in SI Appendix, Crisis-Induced Migration.

In recent years, global factors such as the COVID-19 pandemic
and its associated migration policy responses have also played an
important role in shaping migration. Specifically, after the onset
of the COVID-19 pandemic, the global flow of international
migrants fell 64%, driven in part by the imposition of border

controls by many countries (25, 26).'T International migration
flows started to rebound after July 2020 as countries began to
lift controls (25). Migration rates remained low in 2021, with an
average of 2.14 million people migrating each month, 18% below
the 2019 average. Migration reached prepandemic levels for the
first time in January 2022 and remained high throughout the
year, with 3.3 million people migrating on average each month,
24% above the rate in 2019.

Our data also allow us to observe the relationship between
COVID-related policies and migration at high frequency. There
was a large degree of heterogeneity in national approaches to
COVID-19 control; in some countries, the strict border controls
enacted in early 2020 remained through 2021, while in other
countries controls were never enacted or quickly reversed (Fig. 3).
We find that immigration is negatively correlated with the

**See https://data.unhcr.org/en/situations/ukraine for more details. Note that the website
shows the cumulative estimates of Ukrainian refugees since 2022, while our estimates
show the number of migrants from Ukraine in 2022. We assume that most of the migrants
from Ukraine in 2022 are caused by the Ukraine war as shown in S/ Appendlix, Fig. S20.

PNAS 2025 Vol. 122 No. 18 e2409418122

ﬁLIn SI Appendix, Fig. S18, we present time series estimates for China, and find a largely
similar pattern. Migration from China fell from an average of 170,000 per month in 2019
to 93,000 in June 2020. Migration to the country fell by a similar amount, from an average
of 21,000 per month to 6,000.

https://doi.org/10.1073/pnas.2409418122
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throughout the sample period).

COVID-19 policy stringency index:** a 10-point increase on
the 100-point scale is associated with a 5.1% decline in monthly
immigrants the following month (27). The COVID-induced
drop in migration is more than 50% across all the regions.
Migration from South Asia saw the largest decrease in 2020
(dropping 81.5% in 2020 compared to a 2019 baseline), while
in North America migration decreased by 55.6% in 2020 relative
to 2019.

Data and Methods

Our first step in estimating migration between countries is
detecting a change in a person’s country of residence.> We
determine a predicted country location for each user based on
a combination of signals, including the self-reported location
on Facebook profiles and the IP addresses used to connect
to Facebook. We use a segment-based method to turn these
estimates into a time frame of each user’s country location (28).
We define migration as living in one country for the majority of a
12-mo period before moving to another country for the majority
of the following 12 mo, matching the definition of migration
recommended by the United Nations (29).%% This algorithm is
explained in more detail in ST Appendix, Algorithm.

¥ This index by the Oxford Coronavirus Government Response Tracker summarizes a
number of COVID-19 policies, including international travel controls.

§§This research was conducted at Meta and not reviewed by an Institutional Review
Board but has been approved via the privacy review process described at https://about.
meta.com/privacy-progress/. The Privacy Review section in the link provided outlines the
internal privacy expectations, such as purpose limitation, data limitation, and fairness. All
analysis in this study was conducted on deidentified data.

”Although we follow this recommended definition in our main analyses, it is easy to adapt
our approach to use alternative definitions of migration. For instance, in S/ Appendix, Fig.
S3, we produce estimates using a 6-mo threshold for migration, allowing us to capture
more temporary labor migration.
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We next aggregate these individual-level migration events to
the country-pair level for each month, which provides us with
a measure of the number of Facebook users migrating across
each corridor. To account for the fact that Facebook usage varies
across countries, we weigh our data to make them representative
at the population level. After experimenting with alternatives, the
weight we apply depends on the country-wide Facebook usage
rate and country income level. A single worldwide offset, which
is calculated based on the administrative data in New Zealand,
is added to control the degree to which the bias of migrants on
Facebook varies with development. This method (called selection
rate) allows us to account for the fact that in poorer countries,
wealthier individuals are more likely to both use Facebook (30)
and to migrate. A recent study of selection into emigration found
that wealthier individuals were more likely to emigrate in 93 of 99
countries studied (31). We describe the details of this weighting
method and compare it with a variety of alternative weighting
methodologies in S/ Appendix, Weighting. In SI Appendix, Tables
S2 and S3, we benchmark our selection model against a naive
approach, in which we weigh migration flows using the inverse
the country-wide Facebook usage rate. We find that the selection
model reduces the difference between our estimates and those
of the Swedish government by about 53.3% relative to the
naive approach. We consider a variety of alternative weighting
methodologies in S/ Appendix, Weighting. In SI Appendix, Fig. S5,
we present a country-by-country analysis of the weighted flows
and show that the model allows us to account for the fact that
selection into both Facebook usage and migration is higher in
poor countries. This improves the accuracy of our estimates in the
developing world considerably without harming our performance
in wealthier countries. We describe our methodology and present

further benchmarks in S7 Appendix, Weighting.
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After applying the weights, we add noise to our estimates using
techniques from the differential privacy literature to preserve the
privacy of individual-level data. This generally results in a small
amount of noise, with 95% of monthly estimates changing by
fewer than seven people. We describe our methodology in more
detail in SI Appendix, Differential Privacy.

Validation

We next benchmark our estimates against administrative datasets
drawn from statistical offices of New Zealand and the European
Union. These two datasets are thought to be of unusually high
quality, but only capture migration flows to a subset of countries
(32, 33). In SI Appendix, Validation, we benchmark our data
against other administrative records, as well as against low-
frequency estimates of global migration.

We first benchmark our data against the immigration statistics
reported by the government of New Zealand (34). New Zealand
has a strong statistical infrastructure and is one of the only
countries to release monthly estimates of migration, allowing us
to validate both the magnitude and temporal pattern of migration
in our data. The New Zealand government uses a nonstandard
definition of migration in its statistics, requiring an individual
to reside in the country for 12mo in a 16 mo period to be a
migrant, rather than the 6 mo in a 12 mo period used by most
nations. In the validation exercises we present in this section, we
produced figures using the New Zealand government’s definition
of migration, though we use the United Nations definition of
migration in our public data release and in all other figures in
this paper which include data from New Zealand.

In Fig. 44, we compare our 2019 estimates of migration
from each country to New Zealand against the government’s
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Fig. 4. Reported country-to-country migration flows vs. Facebook estimates
in thousands. (A) Validation of Facebook estimates against 2019 annual data
from the New Zealand Statistical Office. Each point stands for the number of
immigrants from a country of origin to New Zealand in 2019. (B) Validation of
Facebook estimates against 2019 annual data from Eurostat, the statistical
office of the European Union. Each point stands for the number of immigrants
from a country of origin to one European country in 2019. (C) Validation of
Facebook estimates of monthly migration from India to New Zealand using
data from the New Zealand Statistical Office.
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official figures. The two series are closely aligned, with similar
magnitudes and a correlation of 0.98. Note that our estimates
are systematically larger for smaller estimated flows compared
to the corresponding reported flows. This is in part because in
the differential privacy step, if the number of migrants between
a pair of countries becomes negative after adding this noise for
each month, we censor the data at 0. After adding those noise
annually, our estimates will be consistently greater than our raw
estimates. In Fig. 4C, we consider the time series dimension
of the data, focusing on migration flows to New Zealand from
India. Our estimates of monthly migration align closely with
the official figures, picking up the spikes in Indian migration
in February 2019 and February 2020, at the beginning of the
academic year for tertiary education in New Zealand. In 2019,
around 13,295 Indian students were pursuing government-
funded tertiary education in New Zealand. This was the second-
largest group of international students in the country (35). Time
series plots of migration from other countries to New Zealand
are available in ST Appendix, Fig. S8. We also observe that our
data capture the dramatic decrease in migration that followed the
government’s almost-total closure of the border in March 2020,
in response to the onset of COVID-19 (36).

We next benchmark our data against the 2019 migration
estimates provided by Eurostat, the statistical office of the
European Union. Relative to the data from New Zealand, the
Eurostat data are broad in scope, with information on inflows
into 22 countries in Europe. The Eurostat data do have several
limitations; they are only available at an annual granularity
and are collected inconsistently across countries, making use of
different methodologies and definitions of migration. We discuss
these considerations in more detail in ST Appendix, Validation.
Nevertheless, we show in Fig. 4B that our estimates are in general
aligned with the figures provided by Eurostat, with a correlation
of 0.94 and generally similar levels of migration.

In ST Appendix, Validation, we explore these benchmarks in
greater detail, highlighting several instances in which our esti-
mates diverge from the official statistics. In some cases, these dis-
crepancies are driven by outliers in our model of the relationship
between Facebook usage, income, and migration. For instance,
we underestimate migration between Samoa and New Zealand,
which is driven by a unique policy that allows for an unusually
wide swath of Samoans to migrate.## On other migration cor-
ridors, we find that our data seem to capture migration excluded
from administrative statistics. For instance, the figures reported
by Slovakia to Eurostat include only migrants who receive a
permanent residency permit, rather than all those who meet the
United Nations’ definition of migration. In general, however,
we find that our estimates are aligned with administrative
figures.

On the whole, these validation exercises highlight the contribu-
tion of our estimates relative to existing measures of migration.
Our figures generally match existing data where available, but
cover a wider fraction of the world and provide finer time
granularity at the monthly level. These data provide a strong
basis for future research and policymaking related to the causes
and consequences of migration.

##This policy, called the Samoan Quota (https://www.immigration.govt.nz/about-us/
media-centre/common-topics/samoan-quota-scheme), allows around 0.5% of the
Samoan population (and their dependents) to migrate to New Zealand each year. This
allocation is unusually large and conducted by lottery, so migrants admitted under this
scheme have a different pattern of selection than those admitted under other provisions of
New Zealand's immigration system, which normally favors relatively educated individuals
from sending countries (37). The selection of Samoans migrating to New Zealand also
contrasts sharply with the global pattern of migration to rich countries, which favors
wealthier migrants and which is used to fit our model of selection.
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Data, Materials, and Software Availability. Some study data are available.
The individual-level data used to construct these estimates are not publicly
available because of restrictions by the data provider. Replication materials,
which include the scripts to generate the plots in the paper have been
deposited in Harvard Dataverse (https://doi.org/10.7910/DVN/LPA925) (38).
Anonymized aggregated data and global migration flow estimates data have
been deposited in Humanitarian Data Exchange (https://data.humdata.org/
dataset/international-migration-flows) (39).

ACKNOWLEDGMENTS. We are grateful for support on project manage-
ment from Lada Adamic, Alex Dow, Laura McGorman, Alex Pompe, Itamar
Rosenn, Omari Sefu; thoughtful research feedback from Jakub Bijak,

1. OECD, Getting Skills Right: Assessing and Anticipating Changing Skill Needs (OECD, 2016).

2. F.Docquier, 0. Lohest, A. Marfouk, Brain drain in developing countries. World Bank Econ. Rev. 21,
193-218(2007).

3. P.Bevelander, The employment integration of immigrants in Sweden. J. thn. Migr. Stud. 25,
445-468 (1999).

4. M.McAuliffe, T. Lee, G. Abel, "Migration and migrants: A global overview" (World Migration Report,
2022), pp. 21-58.

5. F.Willekens, D. Massey, J. Raymer, C. Beauchemin, International migration under the microscope.
Science 352, 897-899 (2016).

6. United Nations, Department of Economic and Social Affairs, Population Division, International
Migration Flows to and from Selected Countries (United Nations, Department of Economic and
Social Affairs, Population Division, 2015).

7. OECD, OECD international migration database and labour market outcomes of immigrants (2023).
https://www.oecd.org/els/mig/keystat.htm. Accessed 14 December 2023.

8. E.P.Kraly, B. Hovy, Data and research to inform global policy: The global compact for safe, orderly
and regular migration. Comp. Migr. Stud. 8, 11(2020).

9. F.laczko, S. Hieronimus, L. Hartenstein, J. Tiaden, T. Weber, More Than Numbers: How Migration
Data Can Deliver Real-Life Benefits for Migrants and Governments (International Organisation for
Migration, 2018), pp. 1-119.

10. G.J. Abel, N. Sander, Quantifying global international migration flows. Science 343, 1520-1522
(2014).

11. J.J. Azose, A. E. Raftery, Estimation of emigration, return migration, and transit migration between
all pairs of countries. Proc. Natl. Acad. Sci. U.S.A. 116,116-122 (2019).

12. G.J. Abel, J. E. Cohen, Bilateral international migration flow estimates for 200 countries. Sci. Data
6,82(2019).

13. United Nations, Department of Economic and Social Affairs, Population Division, International
migrant stock (2020). https://www.un.org/development/desa/pd/content/international-migrant-
stock. Accessed 14 December 2023.

14. A.Sirbu et al., Human migration: The big data perspective. Int. J. Data Sci. Anal. 11, 341-360
(2021).

15. UNECE Task Force on Migration Statistics, Use of new data sources for measuring international
migration (2022). https://unece.org/sites/default/files/2023-01/2225454_E_Final%20version%
20Rev1.pdf. Accessed 14 December 2023.

16. E.Zagheni, |. Weber, K. Gummadi, Leveraging Facebook's advertising platform to monitor stocks of
migrants: Leveraging Facebook's advertising platform. Popul. Dev. Rev. 43,721-734(2017).

17. B.Hawelka et al., Geo-located twitter as proxy for global mobility patterns. Cartogr. Geogr. Inf. Sci.
41,260-271(2014).

18. X.Luetal, Unveiling hidden migration and mobility patterns in climate stressed regions: A
longitudinal study of six million anonymous mobile phone users in Bangladesh. Glob. Environ.
Change 38, 1-7(2016).

19. A.Wesolowski et al., Quantifying seasonal population fluxes driving rubella transmission dynamics
using mobile phone data. Proc. Natl. Acad. Sci. U.S.A. 112, 11114-11119 (2015).

20. E.Zagheni, V. R.K. Garimella, I. Weber, B. State, “Inferring international and internal migration
patterns from Twitter data” in Proceedings of the 23rd International Conference on World Wide
Web-WWW '14 Companion (ACM Press, 2014), pp. 439-444.

6 of 6 https://doi.org/10.1073/pnas.2409418122

Joshua Blumenstock, Joel Cohen, Eric Dunford, Harshil Sahai, Andrew Tatem,
Yunus Berndt, Robert Beyer, Damien Jusselme, Marie McAuliffe, Robert
Trigwell, Jean-christophe Dumont, Sara Mouhoud, Julia Gelatt, Stefano lacus,
Umberto Minora, Nadwa Mossaad, Jason Schachter, Dean Eckles, Martin
Koenen; differential privacy from Brian Karrer, Yue Wang, Arjun Wilkins; and data
validation from Betsy Bell, Pedram Jahangiry, Rafael Labrador, Wesley Smith,
Troy Wissenbach.

Author affiliations: 2Meta, Menlo Park, CA 94025; PDepartment of Sociology, Faculty of
Social Sciences, University of Hong Kong, Hong Kong Special Administrative Regions,
China; International Institute for Applied Systems Analysis, Laxenburg 2361, Austria; and
dDpepartment of Economics, Harvard University, Cambridge, MA 02138

21. M. McAuliffe, A. Triandafyllidou, World Migration Report 2022 (I0M, 2021).

22. The World Bank, World Development Indicators 2016 (The World Bank, 2022).

23. M.A. Clemens, "Does development reduce migration?” (Working Paper, Center for Global
Development, Washington, DC, 2014), p. 359.

24. M. Gonzalez-Leonardo, R. Neville, S. Gil-Clavel, F. Rowe, Where have Ukrainian refugees gone?
Identifying potential settlement areas across European regions integrating digital and traditional
geographic data. Popul. Space Place 30, €2790 (2024).

25. M. Benton, J. Batalova, S. Davidoff-Gore, T. Schmidt, COVID-19 and the state of global mobility in
2020. https://publications.iom.int/books/covid- 19-and-state-global- mobility-2020. Accessed 14
December 2023.

26. M. Gonzalez-Leonardo, F. Rowe, M. Potantokova, A. Goujon, Assessing the differentiated impacts of
COVID-19 on the immigration flows to Europe. Int. Migr. Rev., 1-16 (2024).

27. T.Haleetal., Aglobal panel database of pandemic policies (Oxford COVID-19 government
response tracker). Nat. Hum. Behav. 5, 529-538 (2021).

28. G.Chi, F. Lin, G. Chi, J. Blumenstock, A general approach to detecting migration events in digital
trace data. PLoS ONE 15, 0239408 (2020).

29. United Nations, Department of Economic and Social Affairs, Recommendations on statistics of
international migration (Rev. 1). https://unstats.un.org/unsd/publication/seriesm/seriesm_
58rev1e.pdf. Accessed 14 December 2023.

30. J. Poushter, C. Bishop, H. Chwe, Social Media Use Continues to Rise in Developing Countries but
Plateaus Across Developed Ones (Pew Research Center, 2018), vol. 22, pp. 2-19.

31. M.A. Clemens, M. Mendola, Migration from developing countries: Selection, income elasticity, and
Simpson's paradox. J. Dev. Econ. 171, 103359 (2024).

32. A Wiéniowski et al., Utilising expert opinion to improve the measurement of international
migration in Europe. J. Off. Stat. 29, 583-607 (2013).

33. G.Hugo, J. Wall, M. Young, "Migration in Australia and New Zealand" in International Handbook
of Migration and Population Distribution, M.J. White, Ed. (Springer Dordrecht, 2016) (2016),
pp. 333-370.

34. Stats NZ Tatauranga Aotearoa, International migration estimates June 2022 (2022). https://www.
stats.govt.nz/information-releases/international- migration-june-2022/. Accessed 14 December
2023.

35. Government of New Zealand, Export education levy: Full-year statistics 2022. Education Counts
(2022). https://www.educationcounts.govt.nz/statistics/international- students-in-new-zealand.
Accesssed 14 December 2023.

36. Government of New Zealand, History of the Covid-19 alert system. Unite Against COVID-19 (2022).
https://www.mcguinnessinstitute.org/wp-content/uploads/2021/03/New-Zealand- Goverment-
2021b.pdf. Accessed 14 December 2023.

37. New Zealand Productivity Commission, “Impacts of immigration on the labour market and
productivity” (NZPC Working Paper 2021/05, 2021).

38. G.Chi, G. Abel, D. Johnston, E. Giraudy, M. Bailey, "Replication Data for: Measuring Global
Migration Flows using Online Data.” https://doi.org/10.7910/DVN/LPA925. Deposited 10 April
2025.

39. G. Chi, G. Abel, D. Johnston, E. Giraudy, M. Bailey, “International migration flows.” interna-
tional_migration_flow.csv. Humanitarian Data Exchange. https://data.numdata.org/dataset/
international-migration-flows. Deposited 7 March 2025.

pnas.org


https://doi.org/10.7910/DVN/LPA925
https://data.humdata.org/dataset/international-migration-flows
https://data.humdata.org/dataset/international-migration-flows
https://www.oecd.org/els/mig/keystat.htm
https://www.un.org/development/desa/pd/content/international-migrant-stock
https://www.un.org/development/desa/pd/content/international-migrant-stock
https://unece.org/sites/default/files/2023-01/2225454_E_Final%20version%20Rev1.pdf
https://unece.org/sites/default/files/2023-01/2225454_E_Final%20version%20Rev1.pdf
https://publications.iom.int/books/covid-19-and-state-global-mobility-2020
https://unstats.un.org/unsd/publication/seriesm/seriesm_58rev1e.pdf
https://unstats.un.org/unsd/publication/seriesm/seriesm_58rev1e.pdf
https://www.stats.govt.nz/information-releases/international-migration-june-2022/
https://www.stats.govt.nz/information-releases/international-migration-june-2022/
https://www.educationcounts.govt.nz/statistics/international-students-in-new-zealand
https://www.mcguinnessinstitute.org/wp-content/uploads/2021/03/New-Zealand-Goverment-2021b.pdf
https://www.mcguinnessinstitute.org/wp-content/uploads/2021/03/New-Zealand-Goverment-2021b.pdf
https://doi.org/10.7910/DVN/LPA925
https://data.humdata.org/dataset/international-migration-flows
https://data.humdata.org/dataset/international-migration-flows

