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ABSTRACT In the wake of the COVID-19 pan demic, the International Organization 
for Migration has pos tu lated that inter na tional migrant stocks fell short of their pre-
pan demic pro jec tions by nearly 2 mil lion as a result of travel restric tions. However, 
this decline is not test able with migra tion data from tra di tional sources. Key migra-
tion stake hold ers have called for using data from alter na tive sources, includ ing social 
media, to fill these gaps. Building on pre vi ous work using social media data to ana lyze 
migra tion responses to exter nal shocks, we test the hypoth e sis that COVID-related 
travel restric tions reduced migrant stock rel a tive to expected migra tion with out such 
restric tions using esti ma tes of migrants drawn from Facebook’s adver tis ing plat form 
and dynamic panel mod els. We focus on four key ori gin countries in North and West 
Africa (Côte d’Ivoire, Algeria, Morocco, and Senegal) and on their 23 key des ti na tion 
countries. Between Feb ru ary and June 2020, we esti mate that a des ti na tion coun try 
implementing a month-long total entry ban on arriv als from Côte d’Ivoire, Algeria, 
Morocco, or Senegal might have expected a 3.39% reduc tion in migrant stock from 
the restricted coun try com pared with the coun ter fac tual in which no travel restric tions 
were implemented. However, when broader soci e tal dis rup tions of the pan demic are 
accounted for, we esti mate that countries implementing travel restric tions might par a-
dox i cally have expected an increase in migrant stock. In this con text, travel restric tions 
do not appear to have effec tively curbed migra tion and could have resulted in out comes 
oppo site their intended effects.

KEYWORDS International migra tion • COVID-19 • Digital and com pu ta tional 
demog ra phy • Causal infer ence • Global North–South

Introduction

Accurate and reli able mea sure ment of migra tion is crit i cal for informing evi dence-
based pol icy (IOM Global Migration Data Analysis Centre [IOM GMDAC] 2021a). 
However, mea sure ments from offi cial sta tis ti cal sys tems are often released at overly 
wide inter vals and can not accu rately detect migra tion discontinuities from exter nal 
shocks (Alexander et al. 2022). To address the short com ings of tra di tional sources, 
schol ars have explored using dig i tal trace data, espe cially from social media, to  
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pro vide the real-time, fine-grained mea sure ments required for esti mat ing migra tion 
responses to exter nal shocks. For exam ple, research ers have used Facebook data 
to esti mate increases in the stocks of migrants from Puerto Rico in the main land 
United States in the wake of Hurricane Maria and migrants from Venezuela in other 
Latin Amer i can countries resulting from the Venezuelan eco nomic and polit i cal cri sis 
(Alexander et al. 2019; Palotti et al. 2020). These Facebook-derived esti ma tes were 
con sis tent with data from other sources.

This pre vi ous work has focused on using social media data to esti mate pos i tive 
migra tion shocks: shocks that increased migra tion. By con trast, a more recent exter-
nal shock that has decreased migra tion is the COVID-19 pan demic and, more spe cifi -
cally, the travel restric tions intro duced to con trol its spread. The effects of these travel 
restric tions as a neg a tive migra tion shock have yet to be rig or ously esti mated using 
social media data. These restric tions, includ ing sus pen sions of inter na tional tran sit 
and bor der clo sures, first enacted in March 2020 (often sud denly), cre ated com plex 
and fast-evolv ing net works of restric tions between migrants’ and would-be migrants’ 
countries of ori gin and des ti na tion (International Organization for Migration 2021). 
These restric tions have par tic u larly impacted migrants from North and West Africa 
(Schöfberger and Rango 2020). According to sur vey data, from March until June 
2020, a higher pro por tion of migrants from North and West Africa reported that the 
pan demic impacted their jour neys than did migrants from any other world region 
(Mixed Migration Center 2020).

In the imme di ate months fol low ing the March 2020 impo si tion of restric tions, 
migrant flows within North and West Africa and from them to key Organization for 
Economic Cooperation and Development (OECD) des ti na tion countries, espe cially 
in Europe, mark edly decreased. Flows reg is tered through key tran sit points in West 
and Central Africa decreased between March and May 2020, irreg u lar arriv als to 
Europe declined dra mat i cally in the first six months of the year, espe cially along 
the Western Med i ter ra nean route most com monly used by migrants from North 
and West Africa (Idemudia and Boehnke 2020:33–49), and reg u lar migrant flows 
to OECD countries reached his toric lows (IOM GMDAC 2021b). In aggre gate, the 
International Organization for Migration (IOM) pos tu lated that travel restric tions 
lowered migrant stocks in West/North Africa, Europe, and glob ally by almost 2 mil-
lion between March and July 2020 rel a tive to their pre-pan demic pro jec tions (IOM 
GMDAC 2021b; Schöfberger and Rango 2020). However, this fig ure is based on 
the IOM’s assump tion of zero growth, which is itself based on assump tions about 
migrant behav ior and not test able with data from tra di tional sources.

Migration data from tra di tional sources, often incom plete and of var i able qual ity 
even before the pan demic, have been espe cially dif fi cult to col lect in a con stantly 
evolv ing and uncer tain global pan demic envi ron ment. Many countries’ planned 
2020 censuses and pop u la tion sur veys, espe cially in West Africa (Cece et al. 2021), 
suf fered pan demic-related delays, can cel la tions, inter rup tions, or oth er wise seri-
ous com pro mises of data qual ity (Black and Sievers 2021), exac er bat ing their pre-
existing issues with time li ness and gran u lar ity. Thus, using tra di tional sources to 
esti mate the impact of travel restric tions on the region’s migra tion, which would 
have been dif fi cult under ordi nary cir cum stances, became all  but impos si ble. Rec-
ognizing this chal lenge, sev eral key stake hold ers have called for using data from 
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3COVID-19-Related Travel Restrictions and Migration

alter na tive sources, includ ing social media, to study migra tion dur ing the COVID-
19 pan demic, espe cially from North and West Africa (Cece et al. 2021; Schöfberger 
and Rango 2020).

Inspired by this call, we use Facebook data to test the hypoth e sis that COVID-
 related travel restric tions reduced migrant stock from North and West Africa in key 
des ti na tion countries rel a tive to what it would have been in the absence of such 
restric tions dur ing the first half of 2020. We take advan tage of the quasi-nat u ral 
exper i ment pro vided by the cross-coun try impo si tion of vary ing lev els of travel 
restric tions at dif fer ent times, for mu lat ing restric tions as a treat ment whose effect 
we attempt to esti mate. We also inves ti gate whether any observed effect of travel 
restric tions on migra tion could be attrib ut  able to the travel restric tions them selves 
or whether they could be explained by other fac tors that could also have influ enced 
migra tion or our esti ma tes thereof dur ing the first few months of the COVID-19 
pan demic. We there fore exam ine the pan demic’s health impacts, restric tions not 
related to inter na tional travel, any unob served impacts of the pan demic’s onset 
(Schöfberger and Rango 2020), and pos si ble algo rith mic changes impacting our 
data. In fol low ing a causal infer ence–inspired approach, our study builds on pre vi-
ous work that took a descrip tive approach in using Facebook data to ana lyze migra-
tion trends fol low ing an exter nal shock (Alexander et al. 2019; Palotti et al. 2020).

Methods

Data

Facebook

Using Facebook Marketing API (Meta 2024), acces si ble to any one with a Facebook 
account, we col lected esti ma tes of monthly active users on the first day of each 
month from May 2019 to June 2020, except for Octo ber 2019, when our auto mated 
data col lec tion activ i ties were interrupted. Because Facebook monthly active user 
esti ma tes per tain to the pre vi ous month (Meta 2024), we treat these esti ma tes as 
pertaining to two weeks prior to the date on which they were col lected.1 These 
esti ma tes were disaggregated by age (with all  Facebook users aged 13 or older), 
cur rent coun try of res i dence, and coun try pre vi ously lived in (if any). For each 
des ti na tion coun try, we col lected mea sure ments of the total num ber of users who 
pre vi ously lived in a dif fer ent coun try and these users disaggregated by their coun-
try of ori gin. Although the algo rithm Facebook uses to deter mine users’ pre vi ous 
countries of res i dence is pro pri e tary, pre vi ous work has inferred that users’ reported 
loca tions of res i dence and their social net works are key fea tures in mak ing this 
deter mi na tion (Zagheni et al. 2017). In this arti cle, we refer to Facebook users 
who lived in countries other than their cur rent coun try of res i dence as “Facebook 

1 We thus have data for the fol low ing dates: in 2019, April 17, May 18, June 17, July 18, August 18, Octo-
ber 18, Novem ber 17, and Decem ber 18; and in 2020, Jan u ary 18, Feb ru ary 16, March 18, April 17, and 
May 18.
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4 J. D. Klein et al.

user migrants” to denote that our esti ma tes per tain to Facebook users iden ti fied as 
migrants via the algo rithm. This defi  ni tion of migrants dif fers inher ently from those 
used by offi cial sources, which may iden tify migrants as for eign-born indi vid u als 
or indi vid u als with for eign cit i zen ship, depending on the coun try (United Nations 
2020). However, sev eral pre vi ous stud ies have sim i larly used Facebook user data to 
esti mate migrant stock, includ ing changes in migrant stock over time. These stud-
ies have pro duced esti ma tes that, when adjusted for selec tion bias, cor re late with 
those from offi cial sources, includ ing the Amer i can Community Survey (Alexander 
et al. 2019, 2022; Spyratos et al. 2019; Zagheni et al. 2017), Eurostat and the OECD 
(Spyratos et al. 2019), the World Bank (Zagheni et al. 2017), the United Kingdom’s 
Labour Force Survey (Rampazzo et al. 2021), and the United Nations (Palotti et al. 
2020; Spyratos et al. 2020; Spyratos et al. 2019).

We iden ti fied North and West Afri can countries of ori gin that sat is fied the 
 fol low ing cri te ria: (1) at least 100 irreg u lar bor der cross ings along the Western 
 Med i ter ra nean route were iden ti fied by Frontex in 2019 and 2020 (Frontex 2021), 
and (2) Facebook pro vi des data on the num ber of users who pre vi ously lived in these 
countries (Meta 2024). Using these cri te ria, we selected the ori gin countries: Côte 
d’Ivoire, Algeria, Morocco, and Senegal (see Figure A1, shown in the online appen dix, 
along with all  other fig ures and tables des ig nated with an “A”). We then iden ti fied 
the 10 countries with the most users from each of these four ori gin countries in 
our data (see Figure 1), selecting 23 des ti na tion countries in total.2 We there fore 
obtained 89 unique ori gin–des ti na tion coun try pairings.

2 The des ti na tion countries are the United Arab  Emirates, Belgium, Burkina Faso, Benin, Canada, Côte 
d’Ivoire, Germany, Algeria, Egypt, Spain, France, Gabon, the United Kingdom, Gambia, Guinea, Italy, 

Fig. 1 Top 10 destination countries of Facebook user migrants from (a) Côte d’Ivoire, (b) Algeria,  
(c) Morocco, and (d) Senegal
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5COVID-19-Related Travel Restrictions and Migration

Travel Restrictions

Since March 8, 2020, the IOM has been track ing pairwise restric tions between the 
countries/ter ri to ries of the world, com pil ing a travel restric tion matrix (Interna-
tional Organization for Migration 2021). We use these data to mea sure pan demic-
related travel restric tions because by con trast to data from other com monly used 
sources, such as the Oxford Covid-19 Government Response Tracker (OxCGRT), 
the IOM data pro vide ori gin–des ti na tion pairwise restric tions; OxCGRT mea-
sures travel restric tions only in the des ti na tion coun try with out spec i fy ing the ori-
gin countries from which travel is restricted. The IOM data form a color-coded 
time series: for a given date, red indi cates that des ti na tion coun try d barred entry 
to nation als/pas sen gers from ori gin coun try o, yel low indi cates that coun try d 
imposed some entry restric tion on nation als/pas sen gers from coun try o, and green 
indi cates no restric tions (see Figure 2). We recorded these pairwise color codes for 
each of our 89 ori gin–des ti na tion coun try pairings daily from March 8 to May 18, 
2020. At the begin ning of the period, none of the des ti na tion countries had entry 
restric tions on nation als/pas sen gers from our ori gin countries of inter est. Thus, we 
coded all  ori gin–des ti na tion coun try pairings as green between Feb ru ary 16 and 
March 8, 2020. Once des ti na tion countries insti tuted travel restric tions, the restric-
tions were not reversed.

Covariates

We also col lected data on other fac tors we suspected could con found the rela-
tion ship between travel restric tions and migra tion, such as the sever ity of the 
COVID-19 pan demic and broader, soci ety-wide activ ity and mobil ity dis rup tions. 
We used excess mor tal ity to mea sure the sever ity of pan demic health impacts. 
This mea sure is less sen si tive to selec tion biases in COVID-19 diag nos tic test-
ing and reporting than con firmed cases and deaths, espe cially in lower income 
countries with lower cov er age of diag nos tic test ing (Karlinsky and Kobak 2021). 
Excess mor tal ity is well established as a mea sure ment of the “whole sys tem” pop-
u la tion health impact of an extreme event, such as a pan demic, that con sid ers 
both the direct mor tal ity impacts of the dis ease and indi rect mor tal ity impacts of 
the pan demic (Beaney et al. 2020). We used esti ma tes from the Human Mortality 
Database (HMD) (Shkolnikov et al. 2021) or the World Mortality Dataset (WMD) 
(Karlinsky and Kobak 2021), when avail  able. These data sources cal cu late excess 
mor tal ity from countries that pub lish all -cause mor tal ity data. For countries that 
do not pub lish all -cause mor tal ity data, we use excess mor tal ity esti ma tes from 
The Economist (Tozer et al. 2022). These esti ma tes, unlike those from the HMD 
or WMD, are nec es sar ily predicted by a machine learn ing model and are not based 
on real-world data. Using these three sources (see Figure A2), we cal cu lated daily 

Morocco, Mali, Mauritania, the Netherlands, Tunisia, Turkey, and the United States. Italicized des ti na tion 
countries are excluded from ana ly ses in which they are also the ori gin coun try.
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6 J. D. Klein et al.

excess mor tal ity per 100,000 peo ple for each coun try in our dataset from Feb ru ary 
16 to May 18, 2020.

To mea sure broader, soci ety-wide activ ity and mobil ity dis rup tions, we used the 
OxCGRT strin gency index (Hale et al. 2021). This index com prises nine subindices: 
school clo sures, work place clo sures, can cel la tion of pub lic events, restric tions on 
gath er ings, pub lic trans port clo sures, stay-at-home require ments, restric tions on inter-
nal move ment, restric tions on inter na tional travel, and pub lic infor ma tion cam paigns. 
To reduce col lin ear ity with inter na tional travel restric tions, we excluded the inter na-
tional travel restric tion sub in dex and recalculated OxCGRT’s strin gency index with the 

Fig. 2 Adoption of travel restrictions (February 16–May 18, 2020): the United Arab Emirates (AE), Belgium 
(BE), Burkina Faso (BF), Benin (BJ), Canada (CA), Côte d’Ivoire (CI), Germany (DE), Algeria (DZ), 
Egypt (EG), Spain (ES), France (FR), Gabon (GA), the United Kingdom (GB), Gambia (GM), Guinea 
(GN), Italy (IT), Morocco (MA), Mali (ML), Mauritania (MR), the Netherlands (NL), Senegal (SN),  
Tunisia (TN), Turkey (TR), and the United States (US). IOM data form a color-coded time series: for a 
given date, red indicates that the destination country barred entry to nationals/passengers from the origin 
country, yellow indicates that it imposed some entry restriction on nationals/passengers from the origin 
country, and green indicates no restrictions.
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7COVID-19-Related Travel Restrictions and Migration

remaining eight subindices fol low ing the meth od ol ogy Hale et al. (2021) described. We 
cre ated a daily time series of this mea sure ment for Feb ru ary 16–May 18, 2020.

Empirical Strategy

Outcome Variable Construction

We first con struct our main out come var i able, Yodt, migrant stock from a spe cific coun-
try of ori gin o in des ti na tion coun try d at time t, which we cal cu late using the fol low-
ing for mula:

Yodt = Facebook_user_migrantsodt ×
Official_ foreign_ borndt∈T
Facebook _user _migrantsdt

,
 

(1)

where Facebook_user_migrantsodt is the raw num ber of Facebook user migrants from 
coun try o liv ing in coun try d at time t. Facebook_user_migrantsodt is then adjusted 
by the inverse of the Facebook pen e tra tion rate of migrants aged 13 or older (the 
min i mum age of Facebook users is 13) liv ing in des ti na tion coun try d at time t, 
Official_ foreign_ borndt∈T
Facebook_user_migrantsdt

. Facebook_user_migrantsdt is the total num ber of Face-

book user migrants from all  countries liv ing in coun try d at time t, and Official_ 
for eign_borndt ∈ T is the total for eign-born pop u la tion aged 13 or older in coun try d 
at time t according to offi cial sources (Eurostat 2021; Ruggles et al. 2021; United 
Nations 2020). T is the year within which t falls, for which data from offi cial sources 
are avail  able. This con struc tion of our out come var i able makes it robust to poten-
tial algo rith mic changes affect ing Facebook’s clas si fi ca tion of users who pre vi ously 
lived in a dif fer ent coun try (Rampazzo et al. 2021), assum ing that such changes have 
nondifferential impacts on the iden ti fi ca tion of these users regard less of ori gin and 
des ti na tion coun try. As a robust ness check, we also con sider an alter na tive con struc-
tion of our out come var i able, Facebook user migrants from a given ori gin coun try per 
100,000 total Facebook user migrants, in the online appen dix:

Yodt =
Facebook_user_migrantsodt
Facebook_user_migrantsdt

×100,000.
 

(2)

Treatment Variable Construction

We con struct a treat ment var i able Todt ∈ [0,1], an index of COVID-related travel restric-
tions, using the fol low ing for mula:

Todt =
redodt + 0.5 yellowodt

ti  − ti  − 1
,
 

(3)

where redodt is the num ber of days in the time inter val end ing on ti, starting on ti−1, dur ing 
which travel from coun try o to coun try d was color-coded red, and yel lowodt is the num ber 
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8 J. D. Klein et al.

of days in this inter val when travel from o to d was color-coded yel low by the IOM travel 
restric tion matrix (International Organization for Migration 2021). We assign yel low-
coded days a value of 0.5 because they indi cate some unspec i fied level of entry restric-
tions on nation als/pas sen gers from coun try o in coun try d, fall ing some where between 
an out right ban indi cated by the red color code and no entry restric tions indi cated by the 
green color code. With no addi tional infor ma tion about the pre cise restric tion level the 
yel low color code indi cates, this deter mi na tion is ulti mately some what arbi trary.

We take advan tage of the var i abil ity of the treat ment in our ana ly ses: the adop tion 
of travel restric tions (our treat ment) was stag gered, reflected dif fer ent strin gency 
lev els, and occurred in only some des ti na tion countries over the observed period (see 
Figure 2). For exam ple, at oppo site extremes, Italy adopted highly strin gent travel 
restric tions very early on, whereas the United States did not adopt any for nation als/ 
pas sen gers from the ori gin countries of inter est over the observed period.

Descriptive Analyses

To under stand the descrip tive asso ci a tions between our out come and treat ment, as 
well as our key covariates, we plot their rela tion ships over time. To descrip tively 
ana lyze the impact of the pan demic on migra tion, we first obtain a base line esti-
mate of expected migrant stock in the absence of the pan demic by constructing 
autoregressive inte grated mov ing aver age mod els to fore cast migrant stock from 
each ori gin–des ti na tion coun try pairing on May 18, 2020, using obser va tions from 
April 17, 2019–Feb ru ary 16, 2020. We then sub tract the point esti ma tes from these 
fore casts and their upper and lower bounds from the actual migrant stock esti ma tes 
in each ori gin–des ti na tion coun try pair observed on May 18, 2020.

Model Specification

We first pres ent the sim plest iter a tion of our model, with out any addi tional con trols, 
with the fol low ing for mula:

log(Yodt ) = αod  +β1log(Yodt −1)+β2Todt + εodt, (4)

where αod is a set of ori gin–des ti na tion coun try pair fixed effects, and εodt is the error 
term. The out come var i able is already adjusted for the Facebook pen e tra tion rate of 
migrants in coun try d (see Eq. (1)). In addi tion, Eq. (4) fur ther addresses selec tion 
bias. Because this model is a panel model with fixed effects, we solve it with the 
first-dif fer ence esti ma tor (Wooldridge 2010). Applying the first-dif fer ence esti ma tor 
and substitut ing in the for mu las for our out come var i able (see Eqs. (1) and (2)) allow 
us to reexpress our out come as a dif fer ence-in-dif fer ences esti ma tor when Official_ 
for eign_borndt ∈ T and Official_ for eign_borndt  − 1 ∈ T are from the same year T (i.e., 2020):

log(Yodt ) = (log(Facebook_user_migrantsodt) – log(Facebook_user_migrantsdt ))
– (log(Facebook_user_migrantsodt –1) – log(Facebook_user_migrantsdt –1)). 

 (5)
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9COVID-19-Related Travel Restrictions and Migration

According to pre vi ous work by Zagheni et al. (2014) and Zagheni and Weber (2015), 
our out come constructed as such is robust to selec tion bias under the assump tions that 
this bias is sim i lar in migrants from a spe cific ori gin coun try o in their des ti na tion 
coun try d to migrants as a whole in coun try d, and is sta ble over time.

The coef fi cient of our treat ment effect is β2. It esti ma tes the nat u ral log a rithm of 
the ratio of the migrant stock from coun try o in coun try d at time ti to the stock at 
time ti−1 if coun try d com pletely restricts travel from coun try o between ti−1 and ti, 
assum ing that yel low-coded days can be con sid ered to have half of the impact of red-
coded ones. We can thus con vert our esti mated treat ment effects to per cent ages by 
exponentiating them and subtracting 1. We obtain the point esti ma tes and stan dard 
errors of the treat ment effect sizes in each ori gin–des ti na tion coun try pairing using 
the delta method (Cox 2005).

In addi tion to our sim ple model, we also fit more com plex mod els that con trol for 
poten tial confounding. The model with our full set of con trols is

log(Yodt ) = αod +β1log(Yodt −1)+β2Todt +β3Wt +β4ExMortdt
+β5ExMortot +β6Stringentdt +β7Stringentot + εodt, (6)

where ExMortc ∈ {o,d}t is esti mated excess mor tal ity per 100,000 peo ple in coun try of 
ori gin o or des ti na tion d in the period end ing at time t. Stringentc ∈ {o,d}t is the mean 
recalculated OxCGRT strin gency index (Hale et al. 2021), exclud ing inter na tional 
travel restric tions, in coun try o or d over the period end ing t.

Wt is a dummy var i able equal to 0 if t is before March 2020 and equal to 1 if t is  dur ing 
or after March 2020, when the World Health Organization first declared COVID-
19 a global pan demic and COVID-related travel restric tions were first implemented. 
March 2020 is also when Facebook may have changed its algo rithm for clas si fy ing 
users who migrated (Rampazzo et al. 2021). Wt thus con trols for both the unob served 
effects of the onset of the global pan demic and poten tial algo rith mic changes.

Equations (4) and (6) are dynamic panel mod els in which we try to esti mate the 
within effect of our treat ment in each ori gin–des ti na tion coun try pair and include 
a lag of the depen dent var i able as a pre dic tor. Thus, when we take first dif fer ences, 
we intro duce endogeneity into the model because our lagged resid u als are cor-
re lated with our lagged depen dent var i able. To address endogeneity, we use the 
gen er al ized method of moments approach pro posed by Arellano and Bond (1991) 
for esti mat ing dynamic lin ear panel mod els. We use log(Yodt − 2) and more-dis tant 
lags of our depen dent var i able as instru ments, tak ing advan tage of the mea sures of 
our out come from t ∈ {2019-04-17, 2019-05-18, 2019-06-17, 2019-07-18, 2019- 
08-18, 2019-10-18, 2019-11-17, 2019-12-18, 2020-01-18}, which con sti tute a 
pre treat ment prepanel before the begin ning of the pan demic and the impo si tion 
of travel restric tions. We cal cu late asymp totic two-step corrected stan dard errors. 
We eval u ate our model spec i fi ca tions using three diag nos tic tests: the Arellano– 
Bond test for sec ond-order serial cor re la tion (Arellano and Bond 1991), Hansen’s 
J test of the validity of overidentifying restric tions (Hansen 1982), and the Wald 
test for joint sig nifi  cance of the coef fi cients of our lagged depen dent var i able  
and covariates.

In addi tion to excess mor tal ity and gov ern ment response strin gency, we tried 
includ ing covariates for con firmed COVID-19 cases and deaths (Appel et al. 2022) 
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10 J. D. Klein et al.

and changes in mobil ity (Google 2022) in our model. However, because mod els 
with COVID-19 cases or mobil ity as covariates do not sat isfy the assump tions of 
the Arellano–Bond method and COVID-19 deaths are highly colin ear with excess 
 mor tal ity, we do not include mod els with these covariates in our results. All mod el-
ing and diag nos tic tests were performed using R sta tis ti cal soft ware and the pdynmc 
pack age (Fritsch et al. 2023; R Core Team 2021).

Results

Descriptive Results

We plot the descrip tive asso ci a tions between esti mated migrant stock and travel 
restric tions (see Figure A3), excess mor tal ity (see Figure A4), and gov ern ment 
response strin gency (see Figure A5) for each of the 10 des ti na tion countries with the 
larg est esti mated migrant stocks from each of the ori gin countries of inter est from 
Feb ru ary 16 to March 18, 2020. With some nota ble excep tions, countries that imple-
mented strin gent travel restric tions early in the pan demic (e.g., Italy and Spain) 
saw sub stan tial drops in their migrant stocks, indi cat ing that out-migra tion exceeded 
in-migra tion. In countries that did not imple ment travel restric tions (e.g., the United 
States, the United Kingdom, and Gabon), migrant stocks dropped less, remained 
steady, or even slightly increased, indi cat ing that migrant inflows and out flows were 
com pa ra ble. Thus, among the ori gin countries of inter est, some countries that imple-
mented travel restric tions saw greater out flows, lower inflows, or both rel a tive to 
countries that did not. Similarly, in addi tion to expe ri enc ing large decreases in their 
migrant stocks, Italy and Spain had some of the highest excess mor tal ity early in the 
pan demic. However, this rela tion ship between excess mor tal ity and migra tion could 
be con founded by travel restric tions; the countries fac ing the most severe health 
impacts of the pan demic are likely to have responded by implementing the most 
strin gent travel restric tions. Notably, the United Kingdom, which did not imple ment 
travel restric tions, also expe ri enced some of the highest excess mor tal ity early in the 
pan demic but did not expe ri ence as dra matic a drop in its migrant stock. Regarding 
over all gov ern ment pan demic response strin gency, Italy and Spain again had some of 
the most strin gent gov ern ment responses coin cid ing with some of the most sub stan tial 
drops in migrant stocks. Unlike the pre vi ous two explan a tory var i ables, gov ern ment 
response strin gency shows less var i abil ity, since all  countries saw large increases 
in their strin gency indi ces over the obser va tion period. Nevertheless, some coun-
tries that also implemented early travel restric tions but had mar gin ally less strin gent 
over all gov ern ment responses (e.g., Germany and Canada) did not see decreases in 
migrant stocks as large as those in Italy and Spain. These results sug gest that among 
countries that imposed inter na tional travel restric tions, those that implemented fewer 
restric tions on eco nomic activ ity and inter nal mobil ity saw com par a tively greater 
inflows and/or lower out flows of migrants from the ori gin countries on which inter-
na tional travel restric tions were imposed. Comparisons of actual esti mated migrant 
stocks on May 18, 2020, with their fore casts based on pre-pan demic trends are shown 
in the online appen dix (see Figure A6).
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11COVID-19-Related Travel Restrictions and Migration

Model Results

We first pres ent the results of our sim ple model with out any addi tional con trols (see 
Eq. (4) and Table 1, Model 1). We observe that a des ti na tion coun try implementing 
a total entry ban on nation als/trav el ers from a given ori gin coun try in North or West 
Africa for a sin gle month between Feb ru ary 16 and May 18, 2020, may expect a 
sta tis ti cally sig nifi  cant 3.39% reduc tion in migrant stock from that ori gin coun try 
com pared with the coun ter fac tual in which no travel restric tions were implemented. 
Over the entire three-month study period, this fig ure would trans late to a 9.83% 
reduc tion in over all migrant stock.

Using the Arellano–Bond test, we fail to reject the null hypoth e sis that the model 
con tains no sec ond-order serial cor re la tion (p value = .768); with Hansen’s J test, we 
fail to reject the null hypoth e sis that our instru ments are valid (p value = .859); and 
with the Wald test, we reject the null hypoth e sis that all  param e ters in our model are 
jointly 0 (p value of 3.37 × 10−41). The results of these diag nos tic tests sup port the 
validity of our observed treat ment effect of travel restric tions lead ing to a reduc tion 
in migrant stock from affected ori gin countries through reduc ing migrant inflows, 
increas ing migrant out flows, or a com bi na tion of the two—at least when other fac-
tors that may have influ enced migra tion dur ing the early COVID-19 pan demic are 
not accounted for. When we trans late this treat ment effect of the implementation of 
a month-long com plete entry ban to the esti mated pop u la tions of migrant stocks in 
each ori gin–des ti na tion coun try pairing, our expected effect sizes range from 28,536 
(95% con fi dence inter val [CI], 9,127–47,945) fewer Algerian migrants in France to 5 
(95% CI, 1–8) fewer Senegalese migrants in Tunisia rel a tive to no implementation of 
travel restric tions (see Figure 3).

When we con trol for the period (before and after March 2020), a proxy for the 
unob served effects of the onset of the global pan demic and poten tial Facebook user 
migrant clas si fi ca tion algo rithm changes, our observed treat ment effect of travel 
restric tions is atten u ated toward the null. When con trol ling for both period and excess 
mor tal ity in migrants’ ori gin and des ti na tion countries, a proxy for the sever ity of 
the health impacts of the pan demic, we do not observe fur ther atten u a tion. However, 
when we con trol for the period and strin gency of gov ern ment responses in migrants’ 

Table 1 Model results of the effect of travel restric tions on log(migrant stock) with no covariates  
(Model 1) and with the full set of con trols (Model 2)

 Model 1 Model 2

Log Migrant Stock 0.459*** (0.0603) 0.603*** (0.0657)
Travel Restriction Index −0.0345** (0.0122) 0.0533* (0.0208)
W (time dummy var i able) −0.0316* (0.0131)
Excess Mortality per 100,000, Destination 0.00105*** (0.000303)
Excess Mortality per 100,000, Origin −0.0177*** (0.00507)
Stringency Index, Destination −0.00246*** (0.000706)
Stringency Index, Origin 0.00132* (0.000567)

Note: Standard errors are shown in parentheses.

*p < .05; **p < .01; ***p < .001
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12 J. D. Klein et al.

ori gin and des ti na tion countries, a proxy for broad-based soci e tal dis rup tions of activ-
ity and mobil ity, our treat ment effect becomes pos i tive (see Table A1). The model 
with our full set of con trols reveals that countries implementing total entry bans on 
nation als/trav el ers from our ori gin countries of inter est could expect a sta tis ti cally 
sig nifi  cant 5.47% increase in migrant stock rel a tive to what they could expect if not 
implementing travel restric tions (see Table 1, Model 2). This fig ure would trans late to 
a 17.34% increase in migrant stock over all dur ing the three months stud ied. We also 
observe a 3.11% reduc tion in migrant stock for the period after March 2020; a 0.11% 
increase and 0.25% decrease in migrant stock for each one-point increase in des ti-
na tion countries’ excess mor tal ity and strin gency index, respec tively; and a 1.75% 
decrease and 0.13% increase in migrant stocks in these des ti na tion countries for each 

Fig. 3 Estimated effect size of travel restrictions on migrant stock from a model with no covariates in 
each origin–destination country pairing. Error bars indicate 95% confidence intervals. The United Arab 
Emirates (AE), Belgium (BE), Burkina Faso (BF), Benin (BJ), Canada (CA), Côte d’Ivoire (CI), Germany 
(DE), Algeria (DZ), Egypt (EG), Spain (ES), France (FR), Gabon (GA), the United Kingdom (GB), Gambia 
(GM), Guinea (GN), Italy (IT), Morocco (MA), Mali (ML), Mauritania (MR), the Netherlands (NL), Senegal 
(SN), Tunisia (TN), Turkey (TR), and the United States (US).
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13COVID-19-Related Travel Restrictions and Migration

one-point increase in excess mor tal ity and strin gency index in migrants’ countries of 
ori gin, respec tively. These find ings are sta tis ti cally sig nifi  cant. This model satisfies 
all  the req ui site con di tions for the Arellano–Bond test.

These results sug gest that the reduc tion in migrant stock observed in countries that 
implemented travel restric tions may be explained by the broader impacts of the pan-
demic rather than the travel restric tions them selves. Specifically, the implementation 
of restric tive pol i cies in a more holis tic sense, which include but are not lim ited to 
travel restric tions, and the onset of the pan demic itself may explain these reduc tions. 
Accordingly, if period, excess mor tal ity, and pol icy strin gency were held con stant, 
we would expect countries that implemented travel restric tions to see an increase in 
migrant stock, imply ing that they would see more in-migra tion, less out-migra tion, or 
both rel a tive to countries that did not imple ment travel restric tions, cete ris pari bus. 
We also observe an appar ent push–pull effect of pol icy strin gency. Migrants from 
ori gin countries with more strin gent pol i cies had greater inflows to their main des-
ti na tion countries, lower out flows (includ ing return migra tion) from them, or both. 
In con trast, des ti na tion countries with more strin gent pol i cies had lower migrant 
inflows, greater migrant out flows (includ ing return migra tion) from our ori gin coun-
tries of inter est, or both. For excess mor tal ity, we unex pect edly observe an inverse 
of this push–pull effect: more migrants in des ti na tion countries with higher excess 
mor tal ity and fewer migrants in these des ti na tion countries from ori gin countries 
with higher excess mor tal ity. If we trans late the observed treat ment effect of travel 
restric tions in this model to our esti mated pop u la tions of migrant stocks, they range 
from 46,086 (95% CI, 9,945–82,226) more Algerian migrants in France to 7 (95% 
CI, 2–13) more Senegalese migrants in Tunisia than we would expect in the absence 
of travel restric tions (see Figure 4). We obtain sim i lar results when rep li cat ing these 
mod els with Facebook user migrants per 100,000 as the out come var i able, dem on-
strat ing the robust ness of our results to alter na tive response var i able spec i fi ca tions 
(see Tables A2 and A3).

Discussion

As inter na tional travel restric tions were intro duced in the early months of the COVID-
19 pan demic, migrant inflows (espe cially to OECD countries) fell (OECD 2021), and 
out flows (espe cially return migra tion) increased (IOM GMDAC 2021b) as migrant 
stocks from ori gin countries in North and West Africa in their pri mary des ti na tion 
countries fell short of their pre-pan demic expec ta tions. However, our find ings sug-
gest that these observed effects can not be attrib uted to the inter na tional travel restric-
tions but rather to the broader soci e tal dis rup tions that simul ta neously occurred at 
the begin ning of the global pan demic: the onset of the pan demic itself and broader 
restric tions on activ ity and mobil ity, of which inter na tional travel restric tions were 
one com po nent. Accordingly, many des ti na tion countries with the most strin gent, 
broad-based activ ity and mobil ity restric tions, such as Italy and Spain, were among 
the first to imple ment the most strin gent restric tions on inter na tional travel.

Among migrants from all  world regions, those from North and West Africa 
reported the greatest pan demic impacts on their jour neys (Mixed Migration Cen-
ter 2020; Schöfberger and Rango 2020). During the early months of the pan demic, 
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14 J. D. Klein et al.

they encoun tered migra tion dis rup tions and bar ri ers that extended well beyond bor-
der restric tions, includ ing dis rup tion of transportation net works, con cerns about con-
tracting and trans mit ting the virus on their jour neys, and espe cially the loss of income 
sources. Migrants are over rep re sented in sec tors most impacted by restric tions on 
eco nomic activ ity (e.g., ser vices and retail) in key des ti na tion countries, have expe ri-
enced higher rates of unem ploy ment than non mi grant work ers, and have fre quently 
been excluded from gov ern men tal sup port mea sures to mit i gate pan demic-related 
eco nomic impacts (IOM GMDAC 2021b). Migrants’ losses of income sources in 
their des ti na tion countries decrease inflows to these countries and increase out flows 
from them in the form of return migra tion, suggesting that we should see a reduc tion 
in migrant stock in countries that impose more restric tions on eco nomic activ ity than 

Fig. 4 Estimated effect size of travel restrictions on migrant stock from a model with the full set of controls 
in each origin–destination country pairing. Error bars indicate 95% confidence intervals. The United Arab 
Emirates (AE), Belgium (BE), Burkina Faso (BF), Benin (BJ), Canada (CA), Côte d’Ivoire (CI), Germany 
(DE), Algeria (DZ), Egypt (EG), Spain (ES), France (FR), Gabon (GA), the United Kingdom (GB), Gambia 
(GM), Guinea (GN), Italy (IT), Morocco (MA), Mali (ML), Mauritania (MR), the Netherlands (NL), 
 Senegal (SN), Tunisia (TN), Turkey (TR), and the United States (US).
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15COVID-19-Related Travel Restrictions and Migration

in those that impose fewer. This expec ta tion aligns with our results. We find a push–
pull effect: in our des ti na tion countries, more strin gent pol i cies (includ ing restric tions 
on eco nomic activ ity) in migrants’ ori gin countries but less strin gent pol i cies in these 
des ti na tion countries are asso ci ated with an increase in migrant stock. However, we 
find an oppo site push–pull effect for mor tal ity: increases in migrant stocks from ori-
gin countries with lower excess mor tal ity in des ti na tion countries with higher excess 
mor tal ity. This find ing is unex pected, espe cially given that health con cerns about 
COVID-19 itself were chief among migrants’ con cerns dur ing the early months of the 
pan demic (Mixed Migration Center 2020; Schöfberger and Rango 2020).

Our find ings that when we hold pol icy strin gency, excess mor tal ity, and period 
con stant, travel restric tions lead to an increase rather than a decrease in stocks of 
migrants from affected countries align with pre vi ous lit er a ture documenting the 
inef fec tive ness of immi gra tion pol i cies more broadly (Czaika and De Haas 2013). 
These results could per haps sug gest that travel restric tions have the oppo site of 
their intended effects of reduc ing migrant inflows. More pre cisely, though, our evi-
dence sug gests that any poten tial effect of travel restric tions on decreas ing migrant 
inflows has to be more than off set by a cor re spond ing decrease in out flows. This 
evi dence aligns with pre vi ous find ings that des ti na tion countries that implemented 
travel restric tions, espe cially in Europe, saw declines in return migra tion (IOM 
GMDAC 2022). Migrants who would have oth er wise returned to their countries 
of ori gin upon losses of income sources in their des ti na tion countries fol low ing 
the onset of the pan demic and the intro duc tion of restric tions on eco nomic activ-
ity were impeded from doing so by travel restric tions and bor der clo sures (IOM 
GMDAC 2021b). Many migrants became stranded, unable to return to their coun-
tries of ori gin. Migrants in the Middle East and North Africa were dis pro por tion-
ately impacted, com pris ing up to 40% of the global total of stranded migrants 
dur ing the first half of 2020, despite representing less than 20% of global migrants 
over all (United Nations 2020).

We must acknowl edge the lim i ta tions of our empir i cal strat egy. The IOM’s travel 
restric tion matrix, which we use to con struct our treat ment var i able, has only three 
val ues: com plete travel restric tions, an unspec i fied degree of par tial restric tions, and 
no restric tions (International Organization for Migration 2021). This empir i cal strat-
egy assumes, based on a lack of infor ma tion, that unspec i fied par tial restric tions 
have half the impact of a com plete ban. Further, it fails to fully describe the breadth 
and com plex ity of inter na tional travel reg u la tions dur ing the COVID-19 pan demic, 
when almost 1,000 excep tions to restric tions were issued (IOM GMDAC 2021b). 
These excep tions include carve-outs for labor migrants in essen tial sec tors in which 
migrants are over rep re sented as employ ees in key des ti na tion countries (e.g., agri-
cul ture, for estry, and fish ing) and fam ily and part ner reunification, even in countries 
whose bor ders were oth er wise closed (Scarpetta and Dumont 2020). Thus, construct-
ing a treat ment var i able exclu sively using the IOM’s travel restric tion matrix might 
be sub ject to unob served confounding. The sub tle ties of inter na tional travel reg u la-
tions might be bet ter cap tured through the broader gov ern ment response strin gency 
index. Indeed, we observe a neg a tive effect of travel restric tions on migra tion when 
hold ing IOM-defined travel restric tions con stant. To fully account for the greater 
nuances in inter na tional travel restric tions dur ing the COVID-19 pan demic, future 
work should explic itly include these restric tions in mod els.
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16 J. D. Klein et al.

In addi tion, using Facebook user migrants as a proxy for actual migrants suf fers 
from sev eral lim i ta tions aris ing from algo rith mic and selec tion bias. Facebook user 
migrants dif fer from migrants as defined by offi cial sources (United Nations 2020) 
and there fore can not be directly interpreted as such. However, migra tion esti ma tes 
derived from Facebook can be interpreted as a timely but noisy sig nal from which 
changes over time can be mod eled and esti mated when spec i fied assump tions (out-
lined in the Model Specification sec tion) are met (Zagheni and Weber 2015). Addi-
tionally, although the defi  ni tion of migrants used by Facebook dif fers from that used 
in offi cial sources, offi cial sources use incon sis tent defi  ni tions that vary by coun try 
(United Nations 2020). In the absence of a uni form, inter na tion ally stan dard ized def-
i ni tion of migrants, any approach try ing to esti mate inter na tional migra tion dynam ics 
using an alter na tive data source that is con sis tent across countries will not nec es sar ily 
align with data from offi cial sources that are not con sis tent. In addi tion, the require-
ment that Facebook users must be aged 13 or older nec es sar ily means that our ana-
ly ses exclude migrant chil dren. This exclu sion might par tially explain our find ing of 
small effect sizes.

Previous work has suggested that Facebook changed its algo rithm for clas si fy ing 
users who migrated in March 2020 (Rampazzo et al. 2021). Because this algo rithm 
is pro pri e tary and its change occurred simul ta neously with the World Health Organi-
zation’s dec la ra tion of COVID-19 as a global pan demic, we can not iso late its effect 
from the effects of the pan demic’s onset. Under these con di tions, we can only include 
a var i able in our mod els (Wt) that con trols for the effects of both of them but not for 
either one of them sep a rately.

Finally, the Arellano–Bond method for esti mat ing dynamic lin ear panel mod els 
is lim ited by the nature of lags of the depen dent var i able as a weak instru ment. 
We deter mined that our model spec i fi ca tion sat is fied the key assump tions of the 
Arellano–Bond model: no sec ond-degree serial cor re la tion (Arellano and Bond 
1991), the validity of overidentifying restric tions (Hansen 1982), and at least one 
non zero param e ter. However, newer meth ods have been devel oped for esti mat ing 
dynamic treat ment effects, such as dif fer ence-in-dif fer ences with mul ti ple time 
peri ods (Callaway and Sant’Anna 2021). Although the the o ret i cal ground ing of 
these meth ods has begun to be extended to con tin u ous treat ments (Callaway et al. 
2021), this work has yet to be peer-reviewed and implemented in soft ware.

Conclusion

Obtaining accu rate and timely migra tion esti ma tes is a chal lenge, espe cially in lower 
income countries. Pandemic-related dis rup tions to tra di tional data col lec tion have 
exac er bated this chal lenge. Although sub ject to mea sure ment error, social media data 
are poten tial sources of migra tion esti ma tes in the absence of data from tra di tional 
sources. Using Facebook data, we test the hypoth e sis pro posed by migra tion stake-
hold ers that inter na tional travel restric tions reduced migrant stock from North and 
West Africa in key des ti na tion countries dur ing the first few months of the COVID-19 
pan demic rel a tive to the coun ter fac tual in which no travel restric tions were imple-
mented. We observe a reduc tion in stocks of migrants from Côte d’Ivoire, Algeria, 
Morocco, and Senegal in des ti na tion countries that imposed travel restric tions on 
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17COVID-19-Related Travel Restrictions and Migration

them rel a tive to countries that did not. However, this find ing is likely not due to the 
travel restric tions them selves but rather to the far broader soci e tal dis rup tions wrought 
by the onset of the COVID-19 pan demic, one small com po nent of which was inter-
na tional travel restric tions. The full com plex ity of COVID-19 inter na tional travel 
reg u la tions is chal leng ing to cap ture with a sin gle treat ment var i able, and fur ther 
research is needed. In the con text of these wider dis rup tions, though, travel restric-
tions do not appear to be effec tive in stop ping in-migra tion from banned countries, 
and any poten tial effect they may have is more than off set by stranding migrants and 
pre vent ing them from returning to their countries of ori gin. The evi dence we pres ent 
sug gests that dur ing a pan demic that has effec tively disrupted migra tion on its own, 
travel restric tions are inef fec tive in achiev ing their stated goals and can elicit del e te-
ri ous unin tended con se quences. ■
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