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The initial spread of COVID-19 halted economic activity as countries around the world restricted the
mobility of their citizens. As a result, many migrant workers returned home, spreading the virus across
borders. We investigate the relationship between migrant movements and the spread of COVID-19 using
district-day-level data from Bangladesh, India, and Pakistan (the 1st, 6th, and 7th largest sources of inter-
national migrant workers). We find that during the initial stage of the pandemic, a 1 SD increase in prior
international out-migration relative to the district-wise average in India and Pakistan predicts a 48%
increase in the number of cases per capita. In Bangladesh, however, the estimates are not statistically dis-
tinguishable from zero. Domestic out-migration predicts COVID-19 diffusion in India, but not in
Bangladesh and Pakistan. In all three countries, the association of COVID-19 cases per capita and mea-
sures of international out-migration increases over time. The results show how migration data can be
used to predict coronavirus hotspots. More broadly, the results are consistent with large cross-border
negative externalities created by policies aimed at containing the spread of COVID-19 in migrant-

receiving countries.
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1. Introduction

As COVID-19 spread globally, governments faced one of the
hardest choices in public economics: how to choose between sav-
ing lives or saving livelihoods (Viscusi, 2020)? Some argued that
placing priority on public health is a moral imperative and would
also be the best economic policy in the long run. In Spring 2020,
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most European countries accordingly sharply restricted mobility
and ordered non-essential businesses closed, even though it car-
ried steep short-run economic costs (Thomsen, 2020). Other coun-
tries (especially low- and middle-income economies) were pressed
to put greater weight on immediate challenges, including poverty
and hunger, caused by lost jobs and disappearing businesses
(Abi-Habib and Yasir, 2020; Dahir, 2020; Sen et al., 2020). As a
result, lockdowns in Spring 2020 were shorter and restrictions on
mobility and commerce were generally less stringent—even if that
risked raising rates of COVID-19 infection (International Monetary
Fund, 2020; Malik et al., 2020).

The strict lockdowns in richer countries closed workplaces and
curtailed infection by limiting negative externalities from personal
interactions (Bethune and Korinek, 2020). Simultaneously, how-
ever, the policies created negative externalities elsewhere by push-
ing migrant workers from poorer countries to travel home (World
Bank, 2020; Mitra et al., 2020). We quantify the spread of COVID-
19 as migrants returned to Bangladesh, India, and Pakistan, bring-
ing the risk of contagion from their former workplaces. We then
document how patterns of prior international migration predict
potential hotspots (see also Ahsan et al., 2020).

Globally in 2019, India was the leading country of origin for
international migrants, Bangladesh was sixth, and Pakistan was
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seventh (United Nations DESA, 2019)." The countries were also the
three most affected by the initial spread of the coronavirus in South
Asia. In South Asia, the movement of migrants heading home in
anticipation of lockdowns, both internationally and within countries,
was the largest mass migration since the 1947 partition of India,
Pakistan, and what is now Bangladesh (Ellis-Petersen and
Chaurasia, 2020).> The migration brought fear of COVID-19 conta-
gion and the shunning of migrants as they spread through the sub-
continent (Pandey, 2020; Bisht, 2020).

We use labor force surveys and household-level economic sur-
veys from prior years to measure the extent of out-migration for
each of 755 districts in the three countries and to distinguish
between international and domestic migration. We then use data
on migration patterns to predict the incidence and number of con-
firmed COVID-19 cases in each district using district-day data,
beginning on the day of the 100th confirmed case in each country
and, subject to data availability, continuing for the following
1.5 months.? Out-migration in earlier periods is used as an indicator
of reverse migration in February, March, and April 2020. To capture
broader patterns of diffusion, we flexibly control for trends over time
with day-level fixed effects.

The data establish that international migration predicts the
spread of the coronavirus across and within districts in India and
Pakistan. In the 45 days following the first 100th case in each coun-
try, a 1 standard deviation (SD) increase in prior international out-
migration from the district-wise average (measured as the number
of out-migrants per capita and averaged over the cross-section)
predicts a 48% higher number of cases per capita. In Bangladesh,
however, where COVID-19 testing rates were substantially lower,
the correlation of international out-migration and the number of
confirmed cases is imprecisely measured and flips sign from posi-
tive to negative in some specifications.

Domestic migration is a weaker and less consistent predictor of
contagion. While domestic migrants who returned to their home
towns and villages were a focus of local fears and national policy
debate (Ray and Subramanian, 2020), the detectable effects of
domestic migration are low in Bangladesh (a 3% increase in the
probability of any COVID-19 cases is predicted by a 1 SD increase
in domestic migration in the average district) and negative in Pak-
istan. In India, where fears of contagion from migrants were
reported widely (Mitra et al., 2020), a 1 SD increase in domestic
migration in a given district predicts a 11% increase in whether
or not a district reports any cases of COVID-19 during the study
period, but predictions of the number of cases are measured
imprecisely.

The predictive power of international migration patterns is not
driven mechanically by the COVID-19 experiences of the returning
migrants themselves. Instead, the results are consistent with com-
munity spread seeded by migrants (and others) from abroad. First,
Section 3.3 shows that plausible magnitudes of return-migration
and infection are too small to match the scale of reported
COVID-19 cases. Second, Section 2 and Appendix A describe poli-
cies that limited international air travel and dramatically slowed
the influx of migrants near the start of our study windows. Third,
Section 5 shows that the predictive power of the measures of inter-

! In 2019, India accounted for 17.5 million international migrants, Bangladesh for
7.8 million, and Pakistan for 6.3 million. (Source: United Nations DESA, 2019.)
Together, the three countries include 1.8 billion people or 28% of the world population
outside of China.

2 Bangladesh imposed a nationwide lockdown on March 26, 2020, India imposed a
nationwide lockdown on March 25, and most provinces in Pakistan were under
lockdown as of March 23, 2020.

3 The 100th case of COVID-19 was confirmed on April 6, 2020 in Bangladesh, on
March 15 in India, and on March 16 in Pakistan. The sample windows are thus April 6-
May 20 for Bangladesh; March 15-April 28 for India; and March 16-April 27 for
Pakistan.
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national migration to explain COVID-19 cases increased steadily
over time, consistent with community spread and, given the policy
time-line, inconsistent with COVID-19 infections suffered by inter-
national migrants directly.

Quarantines for migrants and other travelers were imposed in
the three countries, but the findings, especially for international
migrants, are consistent with worries that the policies were not
implemented stringently. The evidence is equivocal with respect
to the role of domestic migrants, showing an advantage of
household-level and individual-level survey data which provides
the ability to distinguish between international and domestic
migrants—and thus to provide insight into health-related cross-
border externalities.

The estimates are not causal parameters. The pattern of coron-
avirus cases is affected by demographics, climate, the stringency of
the lockdown, the nature of the initial spread, and other factors.
The results necessarily reflect complicated interactions of biology,
policy, and human behavior, as well as omitted variables correlated
with migration patterns. Yet the results are consistent with the
nature of timing of COVID-related policy decisions and cross-
border mobility, and they show that data on migration patterns,
drawn from existing labor and household surveys, can help pin-
point patterns of diffusion and anticipate which districts are likely
to face particularly acute healthcare needs.

2. Policy responses to COVID-19 in South Asia

COVID-19 cases were first reported on January 30 in India, on
February 26 in Pakistan, and on March 8 in Bangladesh. Cases then
grew steadily. Our analysis continues through May 20, 2020,
45 days after the 100th case in Bangladesh. By then, there were
112,028 confirmed cases in India; 45,898 cases in Pakistan, and
26,738 cases in Bangladesh.”

The severity and infectiousness of the virus prompted govern-
ments to begin restricting mobility in March 2020 (International
Monetary Fund, 2020). Facing job losses in host countries and
movement restrictions in home countries, many migrants rushed
to get home. Travel bans imposed in the three countries meant that
their window to return home was short. About a week after the
start of our samples, international borders had largely closed (a
week before the day 1 in Bangladesh, on the day 8 in India and
on the day 7 in Pakistan; see Appendix A). The growth of cases in
the second part of the samples is thus almost entirely due to com-
munity spread rather than to cases brought by returning interna-
tional migrants.’

In Bangladesh, international migrants returned while a tide of
domestic migrants also returned to rural areas of the country from
Dhaka, in part spurred by government promises that shelter and
food would be provided in rural areas (UNB, 2020). On March 14,
visa requirements were made stricter, and flights from Europe (ex-
cept the United Kingdom) were halted (Daily Star, 2020). Travelers
were requested to self-quarantine for 14 days.

Government telecom administration data indicate that as many
as 10 million subscribers initially left Dhaka in the days following
the announcement of the government Independence Day holiday
on March 26, 2020, which marked the start of a ten-day lockdown
(Dhaka Tribune, 2020). Some of this was followed by re-migration
back to Dhaka, as the Bangladesh Garment Manufacturers and
Exporters Association reopened factories on April 4, 2020.

4 Data are for confirmed COVID-19 cases on May 20, 2020 from https://
www.worldometers.info/coronavirus/#countries. By September 20, 2020, India had
reported 5,485,612 cumulative cases, Pakistan 305,671 cases, and Bangladesh
348,916 cases.

5 The incubation period of COVID-19 averages 5-6 days and can take up to 14 days
(World Health Organization, 2020).


https://www.worldometers.info/coronavirus/#countries
https://www.worldometers.info/coronavirus/#countries

J.N. Lee, M. Mahmud, J. Morduch et al.

Shonchoy (2020) partnered with epidemiologists from the Interna-
tional Centre for Diarrhoeal Disease Research, Bangladesh to show
that the earliest outbreaks outside of Dhaka were predicted partly
by migration patterns.

In India, similarly, reverse international migration was paired
with the urban-to-rural movement of domestic migrant workers.
The government first announced travel restrictions on March 11,
2020, mandating quarantines for international passengers arriving
from China, South Korea, Iran, France, Germany, Italy, and Spain. By
March 22, India closed its borders to all international commercial
flights.° Domestically, a national government lockdown was
announced on March 24, 2020, which restricted the movement of
people throughout the entire country. Faced with loss of employ-
ment, migrant workers immediately left major urban centers for
rural areas (e.g., Denis et al., 2020). While some migrants success-
fully reached home, others were stymied by the stoppage of trans-
port services and journeyed hundreds of miles on foot. (In early
May, special trains were arranged to take migrants home; Al
Jazeera, 2020.)

In Pakistan, in addition to returning economic migrants who
worked internationally and domestically in urban areas, the coun-
try received travellers who had attended large religious gatherings,
including in Iran, a badly-hit neighbor (Emont and Shah, 2020). On
March 21, the government suspended international flights for two
weeks. The Government of Sindh announced a lockdown in the
province for 14 days from March 23, 2020, ordering all public
transport, markets, offices, shopping malls, restaurants, and public
areas to be shut down (Arain, 2020). Punjab also was put on lock-
down on March 24, 2020 (ARY Web, 2020). Pakistan announced an
extension of the lockdowns at the beginning of April, with further
extensions after April 14 to May 31 (SNS Web, 2020).

The analysis focuses only on confirmed cases. This has at least
two implications. First, actual cases are likely much higher (The
Economist, 2020). Second, the nature of testing protocols, espe-
cially in Bangladesh and India, where contact with international
travelers was an early screening criterion, can partly account for
positive correlations with migration and confirmed cases. By the
middle of the sample period, however, testing protocols in Bangla-
desh and India had expanded to include all hospitalized patients
showing respiratory symptoms associated with COVID-19. In Sec-
tion 5, we show results for the entire sample window and for the
period after testing was expanded, documenting the robustness
of correlations after testing protocols had broadened. We also note
that the results for Pakistan and India are broadly similar, although
in Pakistan international travel history was never a screen for test-
ing (see Appendix A for policy details).

3. Data
3.1. Tracking COVID-19 cases by district

The analysis focuses on the initial stage of the pandemic, start-
ing with the day that the 100th case was confirmed in each coun-
try: in Bangladesh, April 6; in India, March 15; and in Pakistan,
March 16. Subject to data availability, we then analyze cases over
the next 1.5 months. This covers 45 days in Bangladesh, 45 days in
India, and 43 days in Pakistan.’

Indicators for daily COVID-19 cases by district for Bangladesh
were obtained from the Institute of Epidemiology, Disease Control
and Research (IEDCR) in Bangladesh.® Data on COVID-19 cases by

6 For more details, see: https://www.mohfw.gov.in/pdf/Traveladvisory.pdf.

7 For Bangladesh, district-day level data were not released for two of the 45 days.
We impute missing data for May 14 using data on May 13 and missing data for May
18 using data on May 17.

8 See https://www.iedcr.gov.bd.
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district for India were taken from the CovIindia website, which pro-
vides daily updates on the number of cases by district and day.’ Data
on daily COVID-19 cases by district for Pakistan were obtained from
the Government of Pakistan COVID-19 dashboard.'”

3.2. Using national surveys to measure migration

Data on international and domestic migration by district for
Bangladesh were computed from the Household Income and
Expenditure Survey (HIES) 2016, a large nationally representative
household survey. The indicator is calculated as the number of
migrants identified in the survey divided by the number of individ-
uals in the survey (in hundreds), adjusted using survey weights.
International migration is accounted for separately from domestic
(within-country) migration. When estimating, the measures are
normalized as z-scores calculated using country-specific
distributions.

The migrants captured in the HIES 2016 surely did not all return
to Bangladesh in response to the COVID-19 crisis, some may have
returned earlier, and another group of migrants (those who left
post-2016) are not captured at all. Still, migration patterns tend
to be relatively stable, and recent evidence validates the use of
the 2016 HIES data for Bangladesh to capture reverse-migration
in 2020. Ahsan et al. (2020) show a significant correlation between
the HIES 2016 district-level data on migration and coronavirus-
related quarantines in districts in 2020 (correlation = 0.51, p-
value < 0.01) and between the migration data and distress calls
to a government coronavirus hotline (correlation = 0.54, p-
value < 0.01). As Ahsan et al. (2020) note, this makes widely-
available surveys like the HIES particularly valuable when contem-
poraneous data on population mobility is unavailable. Surveys like
the HIES also have the advantage of distinguishing between inter-
national and domestic migration.

Measures of international and domestic migration for India
were similarly calculated from the most recent migration module
in the National Sample Survey (NSS), the 2007-2008 round.
Respondents were asked to report the number of migrants who left
the district for another country or another district within the past
five years. The indicator is calculated as the number of migrants in
the survey divided by the number of individuals in the survey (in
hundreds), adjusting using survey weights.

Data on international migration for Pakistan were taken from
the Pakistan Social and Living Standards (PSLM) 2014-2015 sur-
vey. Assuming one international migrant per surveyed household
that receives international remittances, the indicator is the number
of international migrants per 100 people in the households sur-
veyed in the district, adjusted using survey weights. Data on
domestic migration for Pakistan come from the Pakistan Labour
Force Survey (LFS) 2007-2008.''! The indicator for domestic
migrants is calculated as the number of internal migrants from a dis-
trict per 100 people surveyed from the district.

3.3. Summary statistics and analysis of relative magnitudes

Table 1 shows summary statistics for the sample. Over the full
sample, the average share of districts with any COVID-19 cases

9 See https://covindia.com. These data are highly correlated with data released by
the Ministry of Health and Family Welfare, but the government data are not available
on a daily basis.

10 See http://covid.gov.pk/stats/pakistan. District-level data were retrieved on April
27, 2020.

' The 2007-2008 round was used because of the availability of information on the
previous district of the migrant. In this dataset, about 10% of individuals aged 10 and
above report having moved from a different district to their current district of
residence. This rate (10%) is unchanged in the 2014-2015 round, which uses an
identical question to identify migrants.
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Table 1
Summary Statistics.
Mean Standard N
Deviation
Panel A: Bangladesh (April 6-May 20)
Any Cases 0.84 0.37 2,835
Cases per Million People 19.17 4223 2,835
Domestic Migrants per 100 People 1.18 1.03 63
International Migrants per 100 People  2.41 2.38 63
Population (millions) 2.10 1.23 63
Population Density (thousands per sq 1.01 0.55 63
km)
Fraction Urban Population 0.17 0.07 63
Fraction Below Poverty Line 0.33 0.12 63
Hospital Beds (per million) 0.03 0.02 63
Number of Testing Labs 0.33 0.62 63
Panel B: India (March 15-April 28)
Any Cases 0.35 0.48 26,145
Cases per Million People 2.56 7.72 26,145
Domestic Migrants per 100 People 4.88 3.10 581
International Migrants per 100 People ~ 0.24 0.67 581
Population (millions) 2.17 1.65 581
Population Density (thousands per sq 1.32 5.70 581
km)
Fraction Urban Population 0.24 0.18 581
Fraction Below Poverty Line 0.52 0.24 581
Primary Health Centers per Million 28.07 2227 581
People
Number of Testing Labs 0.42 1.34 581
Panel C: Pakistan (March 16-April 27)
Any Cases 0.60 0.49 4,773
Cases per Million People 11.81 21.74 4,773
Domestic Migrants per 100 People 0.57 0.82 111
International Migrants per 100 People  1.32 1.83 111
Population (millions) 1.49 134 111
Population Density (thousands per sq 0.44 0.54 111
km)
Fraction Urban Population 0.21 0.14 111
Fraction Below Poverty Line 0.38 0.15 111
Fraction Health Access 0.41 0.24 111
Number of Testing Labs 0.12 0.53 111

Notes: State/Provincial/Country capitals have been omitted. The sample includes all
days for which we have available data since the 100th COVID-19 case was reported
in each country.

was 0.84 in Bangladesh, 0.35 in India, and 0.60 in Pakistan. Cases
per million people are much higher in Bangladesh and Pakistan,
at 19.17 and 11.81 respectively, while the number of cases per mil-
lion people is 2.56 in India. Data sources and definitions for control
variables are reported in Appendix B.

Bangladesh and Pakistan also report much higher rates of inter-
national migration (2.41 and 1.32 migrants per 100 people, respec-
tively) relative to India (0.24 migrants per 100 people). Conversely,
rates of domestic migration are much higher in India data than in
Bangladesh or Pakistan, with Pakistan having substantially lower
rates of domestic migration than either Bangladesh or India.

Some of the estimates in Section 5 can be interpreted in terms
of 1 standard deviation variations in district-wise out-migration
rates. Table 1 shows that for Bangladesh, 1 SD corresponds to
2.38 migrants on a base of 2.41 migrants per 100 people (a 99%
ratio). For India, 1 SD in international out-migration corresponds
to a change of 0.67 migrants on a base of 0.24 migrants per 100
people (i.e., a 279% ratio). In Pakistan, 1 SD corresponds to a change
of 1.83 migrants on a base of 1.32 migrants per 100 people (a 139%
ratio).

The summary statistics also provide relative magnitudes of
cases plausibly experienced by returning migrants versus those
due to broader community spread. The magnitudes suggest the
presence of substantial community spread beyond infections of
migrants themselves.
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For example, in India, the summary statistics show an average
of 0.24 international migrants per hundred people in the survey
data. The coronavirus tracker shows 2.56 cases per million people
- or 0.000256 cases per hundred people - during the study win-
dow. If 3% of the migrants returned and 1% were infected with
COVID-19 (a conservative assumption given that the window is
early in the pandemic), then 0.24 x 3% x 1% = 0.000072 infected
migrants returned per hundred people.!? Dividing 0.000072
infected migrants by 0.000256 cases yields that 28% of the reported
cases could plausibly be accounted for by infected migrants.

In Pakistan, there are 1.32 international migrants per hundred
people and 11.81 cases per million people - or 0.001181 cases
per hundred people. If 3% of the migrants returned and 1% had
COVID, then 1.32 % 0.03 * 0.01 = 0.000396 infected migrants
returned per hundred people. This would account for about 34%
of cases in our study window. The calculation rests on conservative
assumptions and shows that it is implausible that the correlations
are solely due to infections of migrants themselves. By the final
2 week period in the sample window, the corresponding calcula-
tion suggests that international migrants could directly account
for just 15% of cases in India and 18% of cases in Pakistan.

4. Empirical strategy

To frame negative externalities from global and local coron-
avirus containment policies, we combine district-day level data
on COVID-19 cases with district-level data on international and
domestic out-migration and covariates. We start by predicting
variation within a given day across districts using a day fixed-
effects model that starts on the day of the 100th confirmed case
in each country.

For district i and day t, where t is the number of days since the
100th case was confirmed in each country, we estimate the rela-
tionship between international out-migration and COVID-19 with
a linear specification for each country:

Yie = By + ByInternationalOutmigration;
+ B,DomesticOutmigration; + Xif8 + 0 + & (1)

where Y, is either (a) an indicator term equal to 1 if the district had
any COVID-19 cases on day t and 0 otherwise, or (b) the number of
COVID-19 cases per million people in the district on day t. The main
coefficient of interest is 8, the predictor of COVID-19 cases related
to international out-migration, conditional on the control variables
and fixed effects. InternationalOutmigration; is the number of
migrants who had previously left district i for another country per
100 people as calculated from the household and labor surveys
for India, Pakistan, and Bangladesh. DomesticOutmigration; is the
number of migrants who left district i for another district in the
same country per 100 people as calculated from the survey data
for the three countries. X; is a set of district-level control variables
comprising population, population density, the fraction of the pop-
ulation residing in urban areas of the district, the fraction of the
population below the poverty line, and a measure of access to
health facilities."®> Country-wide trends are captured flexibly by

12 For example, Mitra et al., 2020 notes that out of 1.3 million migrants in the Gulf
who were originally from the state of Telangana, around 40,000 (3%) returned home
to India in March 2020.

13 For India, we use the number of primary health centers per capita to measure
health access. For Pakistan, we use the percentage of population which has access to a
health clinic or hospital within 15 min of their dwelling for Pakistan. For Bangladesh,
we use the number of hospital beds per capita. We exclude the number of testing labs
in district i on day t in the main set of control variables due to concerns with potential
endogeneity, but we show robustness of the results to the inclusion of this control in
Appendix Section C.1.
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Table 2
Any COVID-19 Cases in District.
All Days Days 29-42

(1) (2) (3) (4) (5) (6)
Panel A: Bangladesh (April 6-May 20)
International Migrants 0.045" 0.027 0.041* 0.012 0.005 0.002
per 100 People (z-score) (0.018) (0.017) (0.018) (0.016) (0.004) (0.003)
Domestic Migrants 0.017 0.022 —0.008 —0.009
per 100 People (z-score) (0.014) (0.014) (0.008) (0.008)
R? 0.389 0.427 0.391 0.430 0.026 0.044
Dependent Variable Mean 0.84 0.84 0.84 0.84 0.99 0.99
Observations 2,835 2,835 2,835 2,835 882 882
Panel B: India (March 15-April 28)
International Migrants 0.112% 0.087*** 0.108™** 0.081** 0.112** 0.084**
per 100 People (z-score) (0.010) (0.009) (0.010) (0.010) (0.011) (0.012)
Domestic Migrants 0.034™ 0.040"** 0.046* 0.053™
per 100 People (z-score) (0.014) (0.013) (0.019) (0.019)
R? 0217 0.328 0.222 0.334 0.069 0.209
Dependent Variable Mean 0.35 0.35 0.35 0.35 0.54 0.54
Observations 26,145 26,145 26,145 26,145 8,134 8,134
Panel C: Pakistan (March 16-April 27)
International Migrants 0.137+ 0.013 0.117** 0.005 0.133** -0.021
per 100 People (z-score) (0.026) (0.033) (0.024) (0.033) (0.026) (0.028)
Domestic Migrants 0.081"* —0.058* 0.150"* —0.024
per 100 People (z-score) (0.028) (0.029) (0.028) (0.024)
R? 0.175 0417 0.202 0.426 0.240 0.598
Dependent Variable Mean 0.6 0.6 0.6 0.6 0.68 0.68
Observations 4,773 4,773 4,773 4,773 1,554 1,554
Controls v v I
Day Fixed Effects I I I I I I

Notes: State/Provincial/Country capitals are omitted. The sample for columns (1)-(4) includes all days for which data are available since the 100th COVID-19 case was
reported in each country. The sample for columns (5)-(6) includes days 29-42 since the 100th COVID-19 case was reported in each country. All regressions include day fixed
effects, while columns (2), (4), and (6) additionally include the following district-level controls: population, population density, the fraction of urban population, the fraction
of population below the poverty line, and a measure of health access (Bangladesh: number of hospital beds per capita, India: number of primary health centers per capita,
Pakistan: percentage of population which has access to a health clinic or hospital within 15 min of their dwelling). Standard errors in parentheses and double-clustered by

day and district. *p < 0.10, *p < 0.05, **p < 0.01.

day fixed-effects via the variable o,. Standard errors are clustered
two-way by district and day.

We also estimate Eq. (1) in successive 2-week windows to study
the relationships between international out-migration and the
spread of COVID-19 over time. These results are shown in Section 5
and in Appendix Tables 6-8. The final window provides results
after international travel bans were in force and after testing pro-
tocols were broadened to include all symptomatic individuals with
respiratory issues in the three countries.

The second specification flexibly accounts for changing relation-
ships over time. We exploit the panel structure of the district-day
level data, using day fixed effects to exploit variation within a
given day across districts:

T
Yie = fo+ Z9[1nternationalOutmigrationi « Day,
2)

T
+ > _y.DomesticOutmigration;  Day, + Xif + o + &
=1

where Y;, InternationalOutmigration;, DomesticOutmigration;, X;, and
o, are as defined earlier. {Day,}|_, is a set of indicator variables
equal to 1 if the day is equal to t, and O otherwise. {et}le is a set
of coefficients of interest capturing the relationship between inter-
national out-migration and COVID-19 cases on day t, while {yt}tT:1 is
an analogous set of coefficients for domestic out-migration. Again,
all standard errors are clustered two-way by district and day.

The pattern of the coefficients 6; and y, show the shifting pre-
dictive power of migration pattern on the spread of COVID-19. If

the return of migrants to districts seeded cases of COVID-19 that
led to increases in cases through community transmission over
time, we would expect the coefficients 6; and y, to increase during
the period, even after accounting for day fixed effects.

To capture the effect of domestic migration outward from large
cities, we restrict attention to districts without state, provincial,
and country capitals. For consistency, we do the same when ana-
lyzing associations of international migration. We assess robust-
ness of the results to the inclusion of these districts in Appendix
Section C.2. Including the full set of districts strengthens the results
on international migration in Pakistan, very slightly weakens them
in India, and leaves a mixed picture in Bangladesh.

5. Results

The results connect patterns of migration by district to cases of
COVID-19 in the first 1.5 months after the first 100th case in each
country. First, we predict whether or not a district reports any
cases. Next, we predict the number of cases per million people.

5.1. Predicting the Incidence of COVID-19

In all three countries, an increase in international out-migration
predicts diffusion of COVID-19 on the extensive margin—i.e., they
predict a higher probability that a district reports any cases—but
the results are sensitive to the addition of controls. Table 2 pre-
sents the relationship between international out-migration and
COVID-19 cases using empirical specification (1). The results for
Bangladesh, India, and Pakistan are reported in panels A, B, and
C, respectively.
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Fig. 1. Relationship between Out-migration & Probability District Reports Any
Cases. Notes: Dependent variable: Indicator variable equal to 1 if the district had
any COVID-19 cases on day t and 0 otherwise. Coefficients plotted in black (6; in Eq.
(2)) illustrate the relationship between international out-migration and an indica-
tor for any cases in the district on day t. Coefficients plotted in gray (y, in Eq. (2))
illustrate the relationship between domestic out-migration and an indicator for any
cases in the district on day t. State/Provincial/Country capitals have been omitted.
The regressions include district-level controls: population, population density, the
fraction of urban population, the fraction of population below the poverty line, and
a measure of health access (Bangladesh: number of hospital beds per capita, India:
number of primary health centers per capita, Pakistan: percentage of population
which has access to a health clinic or hospital within 15 min of their dwelling) and
day fixed effects. Standard errors are double-clustered by day and district. 95%
confidence intervals shown.

In Bangladesh, COVID-19 had spread widely across districts
during the period, and on average during the period 84% of districts
had confirmed cases. Even with the high average, column (1)
shows that a 1 SD increase in international out-migration is asso-
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ciated with a relatively large 5% (0.045/0.84) increase in the prob-
ability of any district-wise COVID-19 cases. In India, the association
is 32%, and it is 23% in Pakistan. These results are without controls
and p < 0.05 for each coefficient.

The prevalence of international migration is in part a proxy for
other attributes of districts, however, and Column (2) shows that
adding controls for district size, demography, health facilities and
poverty levels diminishes net associations. In Bangladesh, the asso-
ciation falls to 3% (0.027/0.84). In India, the association falls to 25%
(0.087/0.35) and remains statistically significant at the 1% level,
and in Pakistan the association is now essentially zero
(coefficient = 0.013 with a standard error of 0.033).

The pattern is robust to adding the rate of domestic migration
to the specification following Eq. (1). The coefficients on the inter-
national migration variables in columns (3) and (4) are of a similar
order but slightly smaller than in columns (1) and (2), and levels of
statistical significance are unchanged. The results also show that
international and domestic migration differ in their associations
with COVID diffusion. In India, the coefficient on domestic migra-
tion is one third to half as large as the coefficient on international
migration. In Pakistan, the coefficients are similarly-sized in Col-
umn (3) and flip signs in column (4).'*

As noted in Section 2, part of the positive correlations can be
explained by testing protocols and the lack of travel restrictions
in the beginning of the samples. Columns (5) and (6) thus present
results restricted to two-week periods at the end of the sample
window, after international travel restrictions had been in force
and testing protocols had broadened.'”

In Bangladesh, 99% of districts had reported cases by this point,
and there is so little variation in the dependent variable that coef-
ficients on the migration measures are close to zero. In India, how-
ever, the coefficients increase in size, with and without controls
(Panel B, columns 5 and 6). In Pakistan the coefficients also
increase before controls are added (Panel C, column 5), but, as in
columns (2) and (4), adding controls in column (6) eliminates the
predictive power of the migration variables in explaining the
extensive margin of COVID-19 diffusion. The column (5) results
for India and Pakistan are consistent with community spread
seeded by returning migrants.

Fig. 1 summarizes these patterns, presenting the development
of the relationship between out-migration and the probability that
a district reports any cases of COVID-19. Coefficients plotted in
black depict the relationship between international out-
migration and an indicator for any cases over time. Coefficients
plotted in gray illustrate the relationship for domestic out-
migration; 95% confidence intervals are shown.

The three panels are broadly consistent with the coefficients in
column (4) of Table 2. For India, the domestic out-migration coef-
ficients are positive but smaller than the international out-
migration coefficients. For Bangladesh and Pakistan, the coeffi-
cients are generally statistically indistinguishable from zero,
although they are positive and statistically significant between
days 7 and 17 in Bangladesh, and negative and statistically signif-
icant before day 8 in Pakistan.

Taking everything together on the extensive margin: The results
for India are strong and robust. But the non-results for Bangladesh,
and the sensitivity to specification of the results for Pakistan, sug-
gest that migration may more reliably predict COVID-19 on the
intensive margin than the extensive margin.

4 Demographers note that the mobility of migrants in Pakistan in early 2020 was
considerably lower than in India (The Economist, 2020).

15 Appendix D presents the relationships between out-migration and cases sepa-
rately for each of the first, second, and third 14-day periods since the 100th case was
reported in each country.
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Table 3
Cases per Million People in District.
All Days Days 29-42

(1) (2) (3) (4) (5) (6)
Panel A: Bangladesh (April 6-May 20)
International Migrants 4.492 -4.122 5.621* -4.319 9.734 —6.082
per 100 People (z-score) (2.777) (2.968) (3.285) (3.238) (5.548) (5.794)
Domestic Migrants -5.276 0.629 -9.019 0.126
per 100 People (z-score) (4.508) (2.147) (7.344) (3.578)
R? 0.133 0.569 0.148 0.569 0.060 0.719
Dependent Variable Mean 19.17 19.17 19.17 19.17 32.14 32.14
Observations 2,835 2,835 2,835 2,835 882 882
Panel B: India (March 15-April 28)
International Migrants 1.592"** 1.253** 1.604** 1.235% 2.264** 1.565™*
per 100 People (z-score) (0.452) (0.460) (0.450) (0.458) (0.627) (0.662)
Domestic Migrants —-0.100 0.119 -0.239 0.138
per 100 People (z-score) (0.198) (0.212) (0.405) (0.426)
R? 0.138 0.188 0.138 0.188 0.059 0.167
Dependent Variable Mean 2.56 2.56 2.56 2.56 5.11 5.11
Observations 26,145 26,145 26,145 26,145 8,134 8,134
Panel C: Pakistan (March 16-April 27)
International Migrants 6.657"** 6.023"* 6.816™* 5.659"* 14.584** 11.678*
per 100 People (z-score) (1.800) (2.174) (1.838) (2.130) (3.299) (3.972)
Domestic Migrants —0.616 —2.744 —0.673 —4.653"
per 100 People (z-score) (0.915) (1.255) (1.698) (2.120)
R? 0.280 0.323 0.281 0.333 0.301 0.390
Dependent Variable Mean 11.81 11.81 11.81 11.81 22.00 22.00
Observations 4,773 4,773 4,773 4,773 1,554 1,554
Controls I I v
Day Fixed Effects I I I I I I

Notes: State/Provincial/Country capitals are omitted. The sample for columns (1)-(4) includes all days for which data are available since the 100th COVID-19 case was
reported in each country. The sample for columns (5)-(6) includes days 29-42 since the 100th COVID-19 case was reported in each country. All regressions include day fixed
effects, while columns (2), (4), and (6) additionally include the following district-level controls: population, population density, the fraction of urban population, the fraction
of population below the poverty line, and a measure of health access (Bangladesh: number of hospital beds per capita, India: number of primary health centers per capita,
Pakistan: percentage of population which has access to a health clinic or hospital within 15 min of their dwelling). Standard errors in parentheses and double-clustered by

day and district. *p < 0.10, *p < 0.05, **p < 0.01.

5.2. Predicting COVID-19 cases

The results in India and Pakistan are clearer and stronger on the
intensive margin. Table 3 presents predictions of COVID-19 cases
per million people in each district estimated using Eq. (1).

Panel A shows that the relationship between international out-
migration and cases per capita in Bangladesh is measured impre-
cisely with or without controls. The number of cases per capita
was relatively high in the sample window (more than seven times
India’s rate), however, and the coefficients are large. The coefficient
in column (1) of Panel A implies that a 1 SD increase in interna-
tional out-migration in Bangladesh is associated with a 23%
increase in the district-wise average number of cases per million.
The coefficient flips from positive to negative when controls are
added in column (2), although with a relatively large standard
error. A similar pattern is repeated in columns (3) and (4) and in
columns (5) and (6).

In India and Pakistan, in contrast, the predictions are far more
precisely estimated and are robust across specifications.'® Column
(1) shows that, without controls, a 1 SD increase in international out-
migration in India is associated with a 62% (1.592/2.56) increase in
the district-wise average of cases per capita. In Pakistan, the associ-
ation is 56% (p < 0.01 for each coefficient). The results fall only
slightly when adding controls for other district characteristics. Col-
umn (2) shows that the association falls to 49% (1.253/2.56) in India,
and it decreases to 51% (6.023/11.81) in Pakistan. The estimates
remain statistically significant at the 1% level. Columns (3) and (4)

16 The results are also robust to controlling for the number of testing labs in the
country and the inclusion of state, provincial, and country capitals (Appendix C).

show that the results are also robust to the inclusion of measures
of domestic migration.!” The estimates in column (4) are the most
conservative—with controls and the inclusion of measures of domes-
tic migration—but the predictions remain large: 1 SD increase in
international out-migration in India is associated with a 48%
(1.235/2.56) increase in the district-wise average of cases per capita.
In Pakistan, the corresponding figure is also 48% (5.659/11.81).

As in Section 5.1, in columns (5) and (6) we restrict attention to
the final two-week sub-sample (days 29-42) after international
travel restrictions were in place and testing protocols were broad-
ened. Column (5) shows that, without controls, a 1 SD increase in
international out-migration in India is associated with a 44%
(2.264/5.11) increase in the district-wise average of cases per
capita. With the inclusion of controls in Column (6), this associa-
tion falls to 31%. In Pakistan, the associations are 66% and 53%,
without and with controls, respectively.

The relatively large size of these predictions in India and Pak-
istan is echoed in Fig. 2. The figure presents the development of
the relationship between out-migration and COVID-19 cases per
million people using Eq. (2). Again, coefficients plotted in black
depict the relationship between international out-migration and
cases per million people over time. Similarly, coefficients plotted
in gray illustrate the relationship between domestic out-
migration and cases per million people over time. 95% confidence
intervals are shown.

17 While domestic migration rates are not very predictive of increases in cases per
capita in India, column (4) shows that a 1 SD increase in the rate of domestic out-
migration in Pakistan is associated with a 23% (-2.744/11.81) decrease in the district-
wise average number of cases per capita.
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Fig. 2. Relationship between Out-migration & Cases per Million People. Notes:
Dependent variable: COVID-19 cases per million people on day t. Coefficients
plotted in black (0, in Eq. (2)) illustrate the relationship between international out-
migration and cases per million people on day t. Coefficients plotted in gray (y, in
Eq. (2)) illustrate the relationship between domestic out-migration and cases per
million people on day t. State/Provincial/Country capitals have been omitted. The
regressions include district-level controls: population, population density, the
fraction of urban population, the fraction of population below the poverty line, and
a measure of health access (Bangladesh: number of hospital beds per capita, India:
number of primary health centers per capita, Pakistan: percentage of population
which has access to a health clinic or hospital within 15 min of their dwelling) and
day fixed effects. Standard errors are double-clustered by day and district. 95%
confidence intervals shown.

The figure shows that the predictive power of domestic out-
migration changes only minimally. The point estimates are small
and slightly negative by the last day for which we have data for
the three countries (and statistically indistinguishable from zero).
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In contrast, the relationship between international out-
migration and cases per capita grows over time in each country.
For India, the coefficients are positive and statistically different
from zero by day 17, and they continue to increase over time.
For Pakistan, the coefficients are positive and statistically different
from zero by day 25. For Bangladesh, the coefficients are positive
but less precisely estimated, becoming statistically different from
zero after day 40.

A back-of-the-envelope calculation helps to frame the magni-
tudes. For Pakistan, we begin with the change in the point esti-
mates for international out-migration (23.72) relative to the
change in cases per capita (31.56 cases) between day 1 and T
(the last day for which we have data for each country). That differ-
ence implies that for a district that starts with the average level of
out-migration, a one standard deviation increase in out-migration
predicts an increase in COVID-19 cases per capita equivalent to
75% of the actual increase that was experienced on average across
the sample. For India, the change in the point estimates for inter-
national out-migration (2.29) relative to the change in cases per
capita (7.17) implies a result of 32% in a parallel comparison. For
Bangladesh, the change in the point estimates for international
out-migration (16.36) relative to the change in cases per capita
(52.14) implies a figure of 31%. The estimates are large but most
of the spread of COVID-19 comes from other sources.

6. Conclusion

The coronavirus outbreak started in China and soon spread,
including to the Gulf, Europe and North America, countries in
which migrants from South Asia were concentrated. Migrants
returned home as the migrant-employing countries shut down
their economies to protect their citizens. We show evidence con-
sistent with important negative externalities for migrants’ coun-
tries of origin as the COVID-19 virus spread to South Asia in
early 2020.

International migration has been an important source of growth
and opportunity in South Asia, and we expect that it will continue
to be. But the data suggest that in early 2020 the movement of
migrants back to their homes substantially increased health risks
in the region. We find that 1 standard deviation increases in prior
international out-migration in India and Pakistan (relative to the
cross-sectional average across districts in each country) predicts
increases of 48% in cases per capita.

The evidence shows that survey data on migration in previous
years systematically predicts patterns of confirmed COVID-19
cases in 2020, especially in India and Pakistan. The evidence allows
us to distinguish between domestic and international migration,
making it complementary to real-time geo-coded data from mobile
telephones and other sources that document contemporaneous
population movements but lack detail on movers’ identities (e.g.,
Milusheva, 2020).

The predictive power of the survey data should be helpful for
health officials allocating resources to prepare for future global
pandemics. The estimates are not causal, and could reflect other
factors beyond migration rates, but they are consistent with the
established epidemiological shape of infectious disease
(Sattenspiel and Lloyd, 2009).

Bangladesh, India, and Pakistan share common elements of his-
tory and culture, and their governments have taken broadly similar
policy decisions to contain the virus. Each imposed systematic
quarantines of migrants as an important tool to slow the growth
of the pandemic, but quarantines were largely voluntary. Our abil-
ity to predict COVID-19 incidence with migration data suggests
that quarantines for migrants were not followed systematically,
especially in the critical early months of the pandemic.
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Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jpubeco.2020.
104312.
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