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Abstract

Leveraging a unique dataset merging patent data with all work-related migration reforms
that took place in 15 countries over 26 years, we show that reforms discouraging inventor
mobility decrease the patenting of MNE subsidiaries within a country, while reforms encour-
aging it have a positive but much smaller effect. Additionally, reforms adopted in the U.S.
affect innovation in other countries in the opposite direction, highlighting the existence of a
global competition for talent. Finally, we find that policies easing migration have facilitated

about half of the shift in global innovation toward emerging markets.
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1 Introduction

In July 2021, a hearing at the Immigration and Citizenship Subcommittee of the U.S. House
of Representatives concluded that America is losing talent to Canada because of outdated and
restrictive U.S. immigration policies.! It is intuitive to think that migration policies, in the United
States and in many other countries around the globe, are defining the global distribution of talent
flows, in turn affecting important local and global economic outcomes. In this paper, we focus
on this question by exploring how country-specific migration reforms have affected the local and

global production of innovation.

Indeed the geography of innovation is changing rapidly. For instance, in 2019, the World Intellec-
tual Property Organization (WIPO) reported that China alone accounted for almost half of all the
world’s patent filings, with India also registering impressive increases in global patent production.
“Asia has become a global hub for innovation”, declared WIPO Director General Francis Gurry,”
while just a few decades ago these emerging markets constituted a negligible share of global patent
production. In fact, by 2018, the 20-year growth rate of R&D activities of U.S. MNEs in foreign
countries—estimated to be 6% —exceeded the growth rate of R&D within the U.S., which was
estimated at 4%.? However, we know little about how the shift of innovation toward China, India,
and other countries can be attributed to talent flows toward these countries and to weakening

talent flows into the U.S.

A recently growing literature has established the important role of high-skill immigration for the

Y However little evidence is available to understand how talent

local production of innovation.
flows to a particular country can affect economic outcomes, in particular innovation, in other

countries.” The purpose of this study is to explore the role that inventor mobility plays in changing

1Source: https://www.forbes.com/sites/stuartanderson/2021/07/15 /house-immigration-chair-warns-us-is-
losing-talent-to-canada/?sh="7ce316bebaef.

2Source: https://www.wipo.int/pressroom/en/articles/2019/article 0012.html.

3Source: The U.S. Bureau of Economic Analysis (BEA).

4See Lissoni (2018) for a review of this literature.

5One exception is the work by Glennon (2020), who finds that limitations to the H1B visa in the United States
result in MNCs relocating workers to foreign subsidiaries. We build on this work by focusing on outcomes on a
global scale, with particular focus on innovation using highly disaggregated patent data.



the geography of innovation. To do this, we put together a novel global dataset recording the
exhaustive list of work-related migration reforms adopted in 15 countries over the period from
1990 to 2016 (61 reforms in total), which we categorize as positive or negative depending on their
expected effect on the number of mobile inventors.® We then match them with the patenting
activities of 28,443 MNEs and their 70,624 country-level subsidiaries taken from the universe of
USPTO patents from PatentsView.” In our dataset, we can follow both MNE subsidiaries and
inventors over time and, thus, identify movers across countries following the reforms. We refer
to these inventors as Global Mobile Inventors, or GMIs, as coined by (Bahar et al., 2021). An
inventor is considered a GMI if he or she is observed patenting in a different country with respect
to the one of first appearance in the data. Our analysis considers patent outcomes of three
types: i) overall patent counts; ii) global collaborative patents, or GCPs (defined by (Kerr and
Kerr, 2018) as those patents with geographic footprints that cross international borders); and iii)

domestic patents (patents where all inventors reside in the same country at the time of filing).

A key challenge for causal inference is that innovation trends are not necessarily exogenous to the
country-level enactment of migration policies. In an effort to reduce endogeneity concerns and in
order to establish causal estimates of how patenting by MNE subsidiaries is affected by migration
policy changes, we employ an event study design that identifies plausibly exogenous variations
in subsidiary exposure to migration reforms. In particular, we leverage the fact that subsidiaries
belonging to MNEs with established habits of international human capital rotation are likely to
be more responsive to policies affecting work-related migration. As expected, we empirically show
that reforms relaxing migration constraints result in a larger number of GMIs flowing into exposed

subsidiaries, while the opposite happens following policies deterring migration.

Our first set of results, focusing on local dynamics, finds that each additional positive reform

increases the number of global collaborative patents filed by exposed subsidiaries by 6.6%, but

6The countries included in our data are Brazil, Canada, Chile, China, Germany, India, Japan, Mexico, the
Philippines, Portugal, South Korea, Spain, Taiwan, the United Kingdom, and the United States. Patenting in
these countries during the period of our study represents 80% of all the patents produced from 1990 to 2016 that
appear in the USPTO data.

"Note that the USPTO not only records the patents filed by U.S. firms, but also includes all patents filed in other
countries that subsequently registered their invention at the USPTO to be protected against U.S. competition. As
such, it is widely considered an exhaustive list of major innovations across the globe.



has no effect on domestic patents; each additional negative reform decreases the number of global
collaborative patents by 19% and the number of domestic patents by 24%. Negative reforms
have on average stronger marginal effects on international flows of inventors relative to positive
ones, resulting in a larger impact on innovation. This asymmetry of effects remains true even
if we control for the leverage used by each reform and for whether it introduces major or minor
changes. Overall, mobile inventors appear to be crucial determinants of the innovation capacity
of countries, since we estimate that a 1% increase in the number of GMIs increases the number

of patents filed among exposed subsidiaries by 1.8%.

In the second part of the paper, we explore the role that GMIs play in explaining changes in the
global production of knowledge, leveraging the global nature of our dataset. First, we show that
reforms adopted in the U.S. generate spillovers for other countries’” innovation. In particular, we
find that when the U.S. relaxes immigration constraints, the patent production of other countries
is reduced, whereas when the U.S. restricts immigration, firms in other countries increase their
patenting.® In fact, our point estimates suggest that the drop in patenting observed in other
countries following the U.S’s adoption of positive migration reforms is equivalent to almost a
third of the drop observed following negative migration reforms adopted domestically. This result
is of particular importance because it shows that discarding the dynamics of mobility in other
countries prevents a complete understanding of global innovation dynamics. More generally it
suggests that one country’s loss is another country’s gain when it comes to attracting talent in

the context of innovation.

Finally, further leveraging the global aspect of our dataset, we show that positive migration
reforms generate stronger effects in emerging markets, suggesting that policies encouraging cross-
border mobility have contributed to the observed shift in the geography of innovation toward these
countries. Our back-of-the-envelope calculations reveal that in the absence of positive migration
reforms, the share of global innovation produced by emerging markets would have grown from 5%

to 12% from 1990 to 2015, instead of reaching 25% as we observe in the data. As such, migration

8We test the presence of spillovers associated with reforms in all the major countries in our sample, but only
the U.S. shows clear-cut results. This is in line with its status as a global leader in attracting talent.



reforms explain about half of the growth in patenting in these emerging economies.

These results contribute to three strands of the literature. First, we provide an empirical frame-
work that establishes a causal relationship between inventor mobility and the production of innova-
tion at the local level.” Here, we contribute to the nascent literature on international co-invention
and MNEs’ global collaborative patenting activities (Kerr and Kerr, 2018; Branstetter, Li and
Veloso, 2014). In that sense, our contribution speaks to the globalization of innovation as a result
of human mobility, given that part of the knowledge production we see as a result of more mobility
is concentrated among cross-country collaborations. Furthermore, an important contribution in
our setting is that reforms hindering mobility are detrimental for knowledge production, an effect

that is quite robust and long-lasting.

Second, we contribute to a small yet growing literature exploring how firms relying on foreign
workers are not only affected by the migration policies of the countries where they are located,
but also by the ones adopted in countries competing for the same pool of talent. Glennon (2020)
shows that the 2020 H-1B visa freeze in the United States pushed U.S. MNEs to offshore employ-
ment. We complement this study by focusing on innovation outcomes in addition to labor inputs
and by extending the analysis to a multicountry setting over a longer period of time. A study
complementary to ours is the one by Prato (2021), which builds a structural model reflecting
the U.S.-EU corridor, and finds that incentives for inventors to move from the U.S. to the EU
increase innovation in the EU and reduce it in the U.S. in the short run. In our paper, we adopt
a quasi-experimental approach relying on an array of positive and negative migration reforms
adopted by countries across four continents and two decades, and we explore whether we can
generalize the finding that one country’s gain is another country’s loss. Our analysis reveals that
the United States is the country where mobility policies have the largest influence on the innova-

tion of other nations, while reforms adopted by other major economies do not seem to generate

9Contributions in this literature include Kerr (2008); Agrawal, Kapur and McHale (2008); Breschi and Lissoni
(2009); Hunt and Gauthier-Loiselle (2010); Kerr and Lincoln (2010); Agrawal et al. (2011); Moser, Voena and
Waldinger (2014); Freeman and Huang (2015); Ganguli (2015); Bosetti, Cattaneo and Verdolini (2015); Choudhury
(2016); Akcigit, Grigsby and Nicholas (2017); Breschi, Lissoni and Miguelez (2017); Bernstein et al. (2018); Miguélez
(2018); Choudhury and Kim (2018); Doran and Yoon (2019); Burchardi et al. (2019); Miguelez and Noumedem
Temgoua (2019); Beerli et al. (2021).



important spillovers. To the best of our knowledge, we are the first to explore whether policies
facilitating human mobility have contributed to the rising share of global knowledge production
among emerging markets, showing that they can account for about half of the change observed

over the past 20 years.

Finally, our results also speak to the role MNE subsidiaries played in the knowledge-generating
process and, thus, they underline the importance of their “absorptive capacity”. This provides
support for the knowledge-based view of the MNE: namely, that subsidiaries exist due to their
ability to manage knowledge transfers in the face of international barriers to market transactions

(e.g., Kogut and Zander, 1996; Caves, 1971; Cohen and Levinthal, 1990).1

In addition, we highlight data and methodology contributions. For this study, we built a novel
database indexing 61 migration policy changes in 15 countries spanning the years 1990 to 2016,
as described in Appendix C. Our dataset accounts for 80% of the global patents produced over
the period, as recorded by the USPTO, and reports all the unilateral migration policies affecting
the mobility of workers that were adopted in these countries. In terms of methods, we outline
an empirical approach for dealing with the econometric difficulties imposed by high-frequency
events that are clustered over time and for estimating causal effects given such a setting. This is
important in our context because in some of the countries in our sample, the frequency of reforms
is so high that several events of the same type occur in consecutive periods. This clustered nature
of reforms limits estimation under classical event study methods, where the current practice is to
consider only events that are, to some extent, isolated in time from other events. Instead, we put
forward an adjustment to event-study methods that deals with the closely time-clustered nature

of the reforms.'!

The remainder of the paper is organized as follows: Section 2 covers the data constructed for
estimation and Section 3 outlines the empirical strategy. Section 4 presents the results on the

number of patents filed by subsidiaries, while Section 5 presents the results on the global dynamics

0This more broadly relates to the literature on the cost of knowledge transfers across borders (e.g., Giroud,
2013; Gumpert, 2018; Bahar, 2020).
1'We go to lengths to discuss the robustness of this estimation approach in Appendix D.



of knowledge production. Section 6 concludes. The paper is accompanied by an online appendix

with supplementary materials.

2 Data

2.1 Migration Reforms Dataset

The first data source is the information we compiled on dozens of migration reforms adopted
by 15 countries over 26 years.'> Our sample includes 61 work-related migration reforms enacted
during the period going from 1990 to 2016 that either increased or decreased the expected flows of
mobile inventors.'® We select the countries in our sample with the aim of representing the largest
innovation hubs and the main origins and destinations of inventor flows, as well as achieving
a broad geographic coverage. Our final sample of countries represents 80% of all the patents
produced from 1990 to 2016 that appear in the USPTO data, as well as 80% of all the GMIs. In
addition, we cover countries located in Europe, East and South Asia, and North, Central, and
South America.'* Our final sample is reported in table 1. In the robustness analysis, we test that
our results survive the exclusion of particular countries from the sample, to ensure that findings

are not driven by our sample choices.

12These reforms were identified as part of a larger project to construct a systematic index of all unilateral
policy reforms and governmental programs instituted across 15 countries and over more than a century that were
anticipated to drive changes in the migration patterns of high-skilled immigrant workers. (We provide more details
on this project in Appendix C).

13We focus on unilateral policy reforms adopted independently by countries and exclude regional agreements
such as the European Union enlargement. We do this as an effort not to confound effects for firms in a given
country with effects resulting from dynamics happening in other countries. As a robustness check, however, we
present the coefficients obtained after controlling for the major trade and regional agreements signed over the
period, including the subsequent waves of EU enlargement.

141n practice, to define the sample, we started with the 16 countries used by Branstetter, Fisman and Foley
(2006), who study the impact of systematic reforms designed to strengthen and standardize intellectual property
on MNEs’ foreign direct investments from 1982 to 1999. The sample of Branstetter, Fisman and Foley (2006)
includes Argentina, Brazil, Chile, Colombia, India, Japan, Korea, Mexico, Philippines, Portugal, Spain, Thailand,
Turkey, Taiwan, and Venezuela. We depart from their list by adding four major countries that count more than 1%
of inventors that are GMIs in the patent data (Canada, Germany, the United Kingdom, and the United States) and
by dropping five countries from the Branstetter, Fisman and Foley (2006) sample that patent very little and have
a share of GMIs among all inventors that is 0.1% or less (Argentina, Colombia, Thailand, Turkey, and Venezuela).
See Appendix C for a detailed discussion on the selection of countries in the sample.



The work-related migration reforms in our data—which we detail fully in Appendix C—Ilargely
consist of changes in the visa application processes that either facilitate or harden skilled work-
ers’ access to a country (e.g., standardization of entry procedures, introduction of "point-based"
systems selecting migrants with technical skill sets) or in changes in the benefits foreign workers
receive after entering the country (e.g., allowing for access to health benefits and facilities). We
categorize each reform as positive or negative depending on the expected effect on the flow of

global mobile inventors. Some examples of reforms include:

e In 2010, South Korea implemented HuNet Korea, a three-way platform that standardized
business-related migration processes and digitally matched three groups: high-skilled foreign
workers searching for employment, companies seeking employees with technical skill sets, and
the governmental system necessary for approving visa applications. This reform established
a cohesive platform for long-term business-related migration into South Korea and it is,

thus, coded as positive.

e In 2004, the United States reduced the cap of H1-B visas (the main channel through which
American companies hire skilled foreign workers) from 195,000 to 65,000 visas per year,
while declaring exemptions for the first 20,000 applicants with graduate degrees. Additional
restrictions and regulations were enacted for L-1 visas, which govern intracompany short

visits. Thus, this reform is coded as negative.

Table 1 summarizes the list of reforms by type included in the final sample.'> The number of
positive changes outweighs the negative ones by more than three times, which is in line with the
general observation that international migration flows have been growing over the past 20 years
(Kerr et al., 2016). Some countries in our sample, such as Korea and Japan, experience numerous
reforms that are temporally close to each other, which raises some challenges for the econometric

strategy. In the next section, we propose a novel solution to cope with the high frequency of some

15 Appendix table C12 further classifies each reform into permanent versus temporary (depending on whether
they affect stays of more or less than one year), volume versus rights, and major versus minor. These distinctions
are used in the heterogeneity analysis. One policy includes both positive and negative elements and is, thus, double
counted in this table. It concerns the United Kingdom in 2006. For more details, see Appendix C.



of these events.

Table 1: List of migration reforms by country

Country Positive Negative
Migration Migration
Reforms Reforms

Brazil 2014 -

Canada - 2002

Chile 2005 -

China 1994, 2004, 2008, 1996
2013

Germany 2000, 2005, 2012, 2004
2016

Spain 1996, 2003, 2009 -

United Kingdom 2006 1996, 2006

India 2005, 2016

Japan 1992, 1993, 2010, -
2012, 2014, 2015

Korea 1991, 1992, 1993, -

1994, 1995, 1996,
1998, 1999, 2002,
2004, 2007, 2009,

2010
Mexico 2010, 2011, 2014 2012
Philippines 1996, 2002, 2013 2009, 2012,
2015
Portugal 2001, 2012 2003
Taiwan 2014, 2015 1992
United States 1990, 1998, 2000, 2004, 2009
2015
Total N. of reforms 49 13

This table details the year of implementation for each of
the 61 reforms enacted over the period of interest. The
reform introduced in the United Kingdom in 2006 has
both positive and negative elements and is, thus, double
counted in this table.

2.2 Patent Data

Our patent data comes from PatentsView, a data visualization tool maintained by the Office of
the Chief Economist at the USPTO.'® Among its many offerings, the open data platform contains
the universe of patents granted by the USPTO from 1976 to present, which includes about 15

million patents filed by about 6 million inventors and assigned to close to 500,000 firms.!” This

6The tool is a joint effort by the USPTO, American Institutes for Research (AIR), University of Massachusetts
Ambherst, New York University, University of California, Berkeley, Twin Arch Technologies, and Periscopic.

"The universe of USPTO patents might not include all the patents filed in other jurisdictions. Yet, the USPTO
is the largest repository of patents, and the consensus is that the most important innovations tend to be filed



dataset has some important characteristics that make it stand out. In particular, PatentsView
uses complex algorithms to disambiguate the names of inventors and of assignees over time,
resulting in a unique identifier for both inventors and MNEs (see Monath, Jones and Madhavan
(2020) for more information on the disambiguation methods).'® The data further includes the
inventors’ locations at the time of each patent filing (required by law). This, combined with the
unique individual identifier, allows us to track inventors’ mobility across borders. The inventors’
locations, alongside the unique identifier of the firm to which the patent is assigned to (i.e., the

9 Since our goal is to

assignee), also allows us to identify the location of MNE subsidiaries."
capture the point of time when the innovation happens, and consistent with the standards in this
literature, we define the patent date as the earliest between the application date and the priority
date.?’ Our final sample is restricted to MNEs with patent production in at least two of the 15

countries for which we gathered reform information, given that the fixed effects included in our

identification strategy drop MNEs patenting in only one country.

To test whether inventors’ mobility reacts to reforms, we compute the number of GMIs observed
in subsidiaries each year. We identify inventors as GMIs starting from the point when they are
observed patenting in a country different from the one of their first appearance.? Our primary

outcome measure is the count of all patents filed by an MNE subsidiary in a given year. We

to the USPTO in addition to all other patent offices (hence, it is the largest one). As such, we do believe that
by concentrating on the USPTO (which allows us to follow inventors across time and space unlike with other
datasets), we are capturing the fundamental patterns in innovation.

18Extensive prior work describes both the USPTO data and assignee disambiguation efforts (see Hall, Jaffe and
Trajtenberg 2001; Jaffe 2017; Balsmeier et al. 2018) as well as the role of patent data as an indicator of innovation
(Trajtenberg, 1990; Hall, Jaffe and Trajtenberg, 2001).

19The most common practice is that an inventor reports the address of his or her office at the moment of filing
the patent. This information is, thus, useful both to determine the countries where the MNE has offices around
the world and to measure inventor mobility across borders. It is important to note that in this data we observe
only subsidiaries and individuals when they patent. Therefore, we have no record of the location of a subsidiary if
there are no patents assigned to it in a given year. To ensure that attrition in the data is not biasing our results,
we perform a robustness test where we impute subsidiaries in years when they are missing, and we assign to them
zero patents and zero GMIs. Results remain consistent (see Section 4.2).

20For patents that have been filed only in the USPTO, the application and priority dates should be the same.
For patents that have been filed in another patent office (such as the European Patent Office or the Japanese
Patent Office, for instance), the priority date (often recorded in the patent record) refers to the date in which the
patent was filed for the first time in any patent office.

21This is consistent with the work presented by Bahar et al. (2021). We further tested the robustness of our
findings to using different measures of GMIs (e.g., an inventor being considered a GMI only during the first year
after his or her cross-border moved is observed), and we find our results to hold. These results are available upon
request.

10



further distinguish between two different types of patents: global collaborative patents (GCPs),
which are patents filed by teams of inventors located in at least two different countries at the time
of the invention,? and domestic patents, which are filed by teams of inventors residing entirely in
the same country. Finally, in some analyses we further distinguish between patents filed by teams
with at least one GMI and patents filed by teams composed entirely by never-movers, and we
construct different indicators of patent quality following the definitions of the OECD (Squicciarini,

Dernis and Criscuolo, 2013).%

2.3 Final Sample

When the reforms are combined with the patent measures, the data consists of a finalized panel
at the MNE-country-year level that is balanced within countries and which consists of 297,919
observations indexing 28,443 MNEs with a total 70,624 subsidiaries across the 26 years observed.
We present descriptive statistics in table 2. A few observations are of note. First, GCPs and
patenting by GMIs represent the minority of patenting by the MNESs, since domestic patents rep-
resent, on average, approximately 88% of patent production by MNE subsidiaries. The summary
statistics show that patents filed by teams including at least one GMI represent about 21% of
MNE patenting activity; the rest are filed by teams of never-movers. GMIs are more prevalent
in the production of GCPs, since more than 50% of these international collaborations are filed
by teams with at least one GMI. In a given year, the average subsidiary in the sample produces
13 patents. The distribution is, however, highly skewed: The median subsidiary files only two
patents per year, while the one at the 95th percentile files 40 patents and the maximum reaches
more than 7,000. On average, each subsidiary counts 1.4 mobile inventors, which amounts to 13%

of their total number of inventors.

2ZKerr and Kerr (2018) first described the concept of GCP, and we draw on that paper as our motivation for
using GCPs to measure globalized innovation processes. While defined in that study as an MNE patent with a
U.S. and an international invention team, we define a GCP as any patent with a geographic footprint crossing an
international border.

2We end up with five distinct proxies for quality, which we aggregate for each MNE subsidiary per year: i)
patent generality; ii) patent originality; iii) patent radicalness; iv) share of patents considered breakthrough; and
(e) number of citations per patent. We use these measures to present results for the impact of migration reforms
on all five innovation quality measures.

11



Table 2: Summary statistics of main outcomes

Full sample

VARIABLES mean (sd)
N. of patents 12.9 (86.4)
N. of GCP 1.5 (8.9)
N. of domestic patents 11.3 (80.9)
Patents by teams with at least one migrant inventor
N. of patents 2.8 (23.5)
N. of GCP 0.8 (5.5)
N. of domestic patents 1.9 (19.7)
Patents by teams without any migrant inventor
N. of patents 10.1 (67.6)
N. of GCP 0.7 (3.8)
N. of domestic patents 9.4 (65.5)

Quality of patents

Average patent generality 0.51 (0.22)
Average patent originality 0.77 (0.16)
Average patent radicalness 0.39 (0.22)
Share of breakthrough patents 0.01 (0.08)
N. of citations per patent 14.52 (37.08)
Migrant inventors

N. of migrant inventors 14 (9.3)

Share of migrant inventors 0.13 (0.27)
N. observations 297,919

Summary statistics computed over the sample of sub-
sidiaries, identified by MNE x country pair, in the
sample spanning from 1990 to 2016.

Appendix table Al displays the same summary statistics for each of the countries in the sample.
There is substantial geographical heterogeneity, with Western countries (Germany, the United
Kingdom, and the United States) showing the largest concentration of MNEs, followed by Asian
countries (e.g., Japan, China, and Taiwan). Additionally, certain countries produce global collab-
orative patents at greater rates than they do domestic patents—and at significantly higher rates
than those found in Kerr and Kerr (2018).> This underlines wide heterogeneity in knowledge

production strategies and implies that similar policies might have very different effects depending

24They measure collaborative patenting rates among U.S. MNEs and find a rate approximately 30% to 55%.

12



on the region.

Figure 1: Global trends in patenting and migration
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Panel (a) shows the evolution of the total number of patents reported in the USPTO data (solid line), as well
as the breakdown between domestic patents and GCPs. Panel (b) shows the evolution of the share of global
migrant inventors out of the total population of inventors. An inventor is considered a GMI if he or she is observed
patenting in a different country with respect to the first country of appearance in the data. Panel (c) shows the
share of total patents in the sample filed by each country in 1995 and 2015, and Panel (d) shows the change in
that share.

Patenting rates rose significantly post-1980 (an increase that is well documented in Kortum and
Lerner 1999), and domestic patents rose substantially more than GCPs, as shown in figure la.
At the end of the period, there is a slight decline due to rightward censoring, explained by the
time lag existing between patent filing and approval. In fact, to avoid our results being affected
by this censoring, we limit our sample period to 2016, though this has no qualitative impact on

our findings. Beyond the observed growth in the number of patents registered in the USPTO
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data, we also observe significant growth in the share of inventors that move internationally, going
from about 1% in the 1970s to 12% in 2015 (figure 1b), consistent with Bahar et al. (2021). We
further observe a substantial shift in the distribution of patents across countries over the period
(figures 1c and 1d). In 1995, the United States filed 60% of all patents in our sample, followed by
Japan (25%) and Germany (7%). Emerging markets such as China, India, and Taiwan accounted
for a negligible share of global patents. In 2015, the United States and Japan remain the leaders
of innovation activities, but their global patent shares is significantly lower, while China, Korea,
Taiwan, and India start playing an important role in global knowledge production. Over this
period, there was, thus, an important shift in the geography of innovation away from developed
countries (such as the U.S., Germany, and Japan) toward emerging markets. Our analysis explores

whether policies affecting human mobility had a role in explaining such a shift.

3 Empirical Strategy

Our empirical strategy applies an event study framework in which the identification relies on
the assumption that migration policy reforms—our “treatment” events—are exogenous to the
MNE subsidiaries within the enacting country. To ensure exogeneity, we exploit the fact that
although assignment of reform events is potentially endogenous to country-level characteristics
and trends, subsidiaries within the same country vary ex ante in the extent to which they are
capable of reacting to a given policy change. Since reforms impact MNEs by easing or complicating
their efforts to transfer human capital across countries, we posit that subsidiaries of MNEs with
historically high labor mobility, before the policy is announced, are likely to respond more to
changes in migration incentives. Thus, our measure of exposure is computed as the ratio between
the number of mobile inventors that patented in all the other subsidiaries of the MNE (except
for the one where the reform takes place) scaled by the total number of inventors in all the
other subsidiaries of the MNE. For this measure, we consider inventor mobility happening across
countries within the same MNE. The idea is that firms that have invested in large HR departments

and that have strong cultures of labor mobility will react more to the changing regulations. This
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ratio is computed over a moving window of five years prior to each observation and captures the
probability that any given inventor would move within that company.?” Formally, the exposure

measure is defined by the following formula:

Z Mob[nvfc/t/

c/,t/

Z InUfC/t/,

!

ELPfet =

where ¢ € C|{c} and where ¢’ € (t — 5,...,t — 1). To ease the interpretation of the results,
the exposure measure expy. is standardized to have a mean of 0 and a standard deviation of 1.
Given that it is computed using the mobility rate observed in all other countries, we expect it to
be exogenous to innovation trends observed around the reform. We further test the robustness
of results to an exposure measure that applies the same formula but uses the moving window
spanning 5 to 10 years prior to each observation. Finally, we show through placebo tests that our

exposure measure is not correlated with different innovation trends at times with no reforms.

A second estimation challenge resides in the presence of repeated reforms that are highly clustered
in time. Standard econometric practice suggests isolating those observations "treated" only once or
estimating treatment effects only in short-run windows that do not include any repeated treatment
events. However, neither technique is well suited to the current setting since reform events are
enacted repeatedly within the large majority of our countries (the only exceptions being Brazil,
Canada, Chile, and India). To resolve this issue, we introduce a novel empirical approach to
estimating treatment effects given repeated events clustered in time. Specifically, we construct
count measures for positive and negative reforms (P Ref.; and N Re f.;) that vary dynamically over
time, changing in level as treatment events accumulate.?® Appendix D reports simulations that
validate the estimator, discusses the additional assumptions it imposes on causal inference, and

outlines a generalized version of the estimator that allows the treatment effect to vary conditional

25We assign an exposure of zero to subsidiaries belonging to MNEs that file patents only by teams of never-
movers in all the other countries over the window of interest. We also assign an exposure of zero to MNEs that
are not observed patenting at all over the window of interest.

26This term is akin to employing an "intensity of treatment' variable in difference-in-differences, in which treat-
ment obtains multiple levels or reflects an observation’s propensity to treatment (similar to specifications employed
in, e.g., Duflo 2001; Acemoglu, Autor and Lyle 2004), but where the intensity of treatment varies with time.
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on the level of consecutive events.?”

As a result, our main analysis is based on the following model:

Yiet = Bo+ Brexpser + Pa(exppes X PRefer) + P3(Expses X NRefer) + BaXget +Yer + 01+ €fet, (1)

where Y., represents the innovation output in year ¢ of an MNE subsidiary, defined as the com-
bination of MNE firm f and country c. Given that the distribution of the number of patents filed
by a subsidiary in a given year is very skewed, we run the regressions on inverse hyperbolic sine
(arcsinh) transformed outcomes, such that the coefficients can be interpreted in terms of growth
rates, and the variables are defined in zero (Card et al., 2020). The output Y7 is a function of
the exposure measure (expyq), and of the interaction of the latter with positive (PRef,) and
negative (N Ref.) cumulative counts of reforms enacted by year ¢ in the subsidiary country ec.
We further condition on fixed effects at the levels of MNE-year (df:) and country-year (7.), in
order to identify the effects of reforms independent of MNE and country trends. We do not add
subsidiary-level fixed effects because it would absorb 92% of the variation in output, making it
too demanding given that we have very few observations across time.?® However, we control for
possible pre-trends in subsidiary productivity by including a control for subsidiary-level initial
number of patents interacted by year fixed effects (Xy.). The model is estimated using OLS,
and standard errors are clustered at the subsidiary level. The key coefficients 5 and (3 can
be interpreted as the marginal effect of one additional positive/negative reform on innovation

output.?’

27 Appendix B further tests the validity of the main assumptions behind this estimator. We find that using
our dependent variable as a count of reforms is a good approximation to the average effect of each reform taken
separately. However, a caveat of this approach is that it is too complex to apply the most recent corrections for
heterogeneous and time-varying effects in staggered event study designs (Borusyak and Jaravel, 2017; Callaway
and Sant’Anna, 2021; Goodman-Bacon, 2021; De Chaisemartin and D’Haultfoeuille, 2022).

28 Adding them results in some qualitatively similar point estimates but much less precise, as expected

29 Appendix D reports simulations that validate the estimator using cumulative count events, discusses the
additional assumptions it imposes on causal inference, and outlines a generalized version of the estimator that
allows the treatment effect to vary conditional on the level of consecutive events. Appendix B tests the validity of
the main assumptions behind this estimator.
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The counterfactual modeled by this approach compares the change in innovation of high-exposure
subsidiaries observed after a reform with the same change observed among low-exposure sub-
sidiaries in the same country, while netting out changes attributable to MNE-specific trends (by
including MNE-by-year fixed effects) and to time trends explained by initial subsidiary produc-
tivity (by including initial level of patenting interacted with year fixed effects). It also compares
subsidiaries of the same MNE located in countries with reforms at different times, netting out
country-specific trends (by adding country-by-year fixed effects). This identification strategy re-
lies on the assumption that the timing of the reform and the ex ante exposure of the subsidiary,
combined, are exogenous to the subsidiary’s future patenting activity. We believe these are rea-
sonable assumptions in our context, and we present several tests showing that exposure is not

correlated with differential trends in patents in the absence of reforms.

One possible limitation of our approach is that when pooling reforms together, we are implicitly
assuming they all carry the same weight or importance. As such, we also present in our main
results an alternative specification that exploits the actual number of inventors moving after each
reform by implementing a 2SLS estimation. In it, we use the reduced-form estimation reported in
equation 1 as a first stage to predict the number of GMIs in a subsidiary, where the interactions
between subsidiary exposure and reform counts are considered an exogenous instrument. In the
second stage, we regress the predicted number of GMIs on the innovation outcomes to recover
the elasticity of patents with respect to GMIs. By doing this, we are taking into account the fact
that different reforms have different intensity.*” The exclusion restriction relies on the assumption
that the effect that migration reforms have on innovation is entirely mediated by their effect on

the number of mobile inventors.

30Tn addition, in Section 4.3 we present results where we classify reforms as major or minor to further deal with
this concern.

17



4 Effects on the Local Production of Knowledge

4.1 Main Results

Table 3 reports the results of the reduced-form approach on the number of GMIs observed in
a given subsidiary (Column 1), on the total number of patents filed (Column 2), and on the
breakdown count between global collaborative patents and domestic patents (Columns 3 and
4). Finally, it provides the IV estimates for the innovation outcomes and the corresponding
Kleibergen-Paap F-statistics (Columns 5 to 7), for which Column 1 constitutes the first stage.

Each regression includes all the fixed effects and controls reported in equation 1.

Results in Column 1 show that our migration reforms indeed explain movement of inventors.
We find that each additional positive reform increases the number of GMIs observed in exposed
subsidiaries by 1.9% (first row), while each additional negative reform decreases it by 6% (second
row). We prefer to express our point estimates relative to the baseline effect of exposure (third
row), which says that a subsidiary that has an exposure of one standard deviation above the mean
counts about 20% more GMIs before any reform. As such, a positive migration reform corresponds
to an increase of about one-tenth in the number of mobile inventors, whereas the average negative
reform results in a drop of about one third relative to the magnitude of exposure alone. Negative
reforms have, thus, on average, much stronger explanatory power on the international flows of

inventors relative to positive ones.

Columns 2 to 4 present the effect of reforms on the innovation outcomes themselves. We find
that each additional negative reform decreases by 26.6% the overall number of patents filed by
exposed subsidiaries relative to baseline. When looking at the patent types, we find that this
corresponds to a 19% drop in GCPs and a 24% drop in domestic patents (always relative to the
effect of exposure taken alone). Positive reforms do not have a significant effect on the overall
number of patents, but do explain an increase in the number of GCPs by 6.6% (significant at the
10% level). Given the heterogeneity in types of reforms, we cannot know a priori whether the

stronger effects of negative policies that we find are due to them being of higher intensity or due
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to them having a larger impact at comparable intensity. In Section 4.3, we dig deeper into this

question to tease out which mechanisms explain this large heterogeneity in magnitudes.

Table 3: Main results

1 2 ®3) S (5) (6) M
N. GMIs N. Patents  N. GCPs N'Igi’;‘l:m N. Patents  N. GCPs N'pz‘t);‘li:tlc
(asinh) (asinh) (asinh) (asinh) (asinh) (asinh) (asinh)
VARIABLES OLS OLS OLS OLS 2SLS 2SLS 2SLS
Exposure x positive ref. 0.0194*** 0.0138 0.00680* 0.0125
(0.00689) (0.00882)  (0.00348) (0.0102)
Exposure x negative ref.  -0.0586*** -0.1417%%* -0.0198%** -0.165%**
(0.0108) (0.0140)  (0.00601) (0.0168)
Exposure 0.200%** 0.531%** 0.103%** 0.683%**
(0.0181) (0.0244) (0.0102) (0.0291)
N. GMIs (asinh) 1.823%%* 0.341%** 2.071%**
(0.164) (0.0586) (0.193)
Observations 166,360 166,360 166,360 166,360 166,360 166,360 166,360
R-squared 0.510 0.544 0.670 0.525 0.306 0.356 0.326
K-P F statistic 14.98 14.98 14.98

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
Column (1) reports the first stage effect on the number of GMIs, columns (2) to (4) show the reduced form results of reforms on patenting,
and columns (5) to (7) show the 2SLS results of the effect of GMIs on patenting. Standard errors clustered at the subsidiary level. Initial
N. patents in the subsidiary interacted with year dummies, MNE x year fixed effects and country x year fixed effects included in all
regressions. Period of analysis: 1990-2016. Continuous exposure to the reforms is computed as the mobility rate of inventors observed
within all the other subsidiaries of the MNE over the preceding 5 years.
The 2SLS results make no assumption about the intensity of each reform, but use the number
of GMIs as the treatment instead, instrumented by the effect of reforms (with the first stage
presented in Column 1). The results reveal that having 1% more GMIs in the subsidiary increases
the number of patents filed by 1.8%, the number of GCPs by 0.3%, and the number of domestic

patents by 2%. These elasticities are large, revealing the importance of attracting talent for

companies to boost their innovation capacity.

4.2 Robustness Tests

Validity of the identification assumptions. The cardinal assumption of difference-in-differences
estimations is the common trend hypothesis. Namely, it supposes that the treated group would
have evolved following the same trend as the control group in the absence of the treatment event.
In our context, this assumption supposes that subsidiaries with different levels of exposure to the

reform would have shown similar trends in GMIs and patenting in the absence of the reforms.
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While this hypothesis is untestable, we can show that subsidiary exposure was not correlated
with differential trends before the introduction of the first policy. Figure 2 reports the coefficients
obtained after interacting the exposure measure with dummies for the three years preceding the
first reform in each country of our sample. 7" — 3 is normalized to zero, and we run regressions
separately for the period preceding positive reforms and the period preceding negative ones. Re-
sults reveal pre-trends in neither GMI growth nor in patent growth (figures Ala and Alb test

pre-trends for GCPs and domestic patents taken separately).

In order to get a sense of the dynamic effects at play, it is common practice in this type of graph
to also show the coefficients associated with the years following the reform. In our context, given
the presence of subsequent reforms within the same country that are sometimes clustered in time,
we have to adopt a more complex strategy to show the dynamic effects, making use of Monte
Carlo simulations. The latter are presented in Appendix B, together with additional tests of our

econometric approach.

Figure 2: Test for pre-trends

(a) N. of GMIs (asinh) (b) N. of Patents (asinh)

e
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These graphs plot the dynamic effects obtained by interacting the exposure measure with dummies for the 3 years
preceding the first reform in each country. Time t-3 is normalized to zero. The model is estimated separately for
positive and negative reforms. The bars represent the 95% confidence intervals.

Figure 3 presents a series of additional robustness tests for the reduced-form analysis on the
number of patents, reporting in separate graphs the coefficient associated with positive reforms

and the one associated with negative reforms. Appendix figure A2 does the same for the regressions
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on the number of GMIs, and Appendix figure A3 shows the applicable robustness tests on the
IV coefficient. Each dot corresponds to the coefficient obtained from a separate regression, with
its associated confidence interval. To ease the interpretation of the coefficients, they are always
rescaled by the beta coefficient obtained on exposure alone. The blue dots test the robustness of

the main estimates, while the red ones introduce two separate placebo tests.

Figure 3: Robustness tests on N. of patents (asinh)

(a) Effect of positive reforms (b) Effect of negative reforms
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Each dot represents the result obtained from a separate regression, while the vertical line reports the 95% confidence
interval. To ease interpretation the coefficients are rescaled by S[Exposure], such that the vertical axes can be
read as growth rates relative to exposure alone. The coefficients in blue concern regressions with slightly modified
samples or methodology, while the ones in red are two distinct placebo tests.

First, we test that results are robust to introducing an historic measure of exposure computed on
the moving window spanning from ¢t — 6 to t — 10 relative to each observation, instead of from
t—1tot—>5 asis done in the main analysis. The first dot from the left in each graph shows the
coefficient obtained from using the historic measure of exposure, while the second dot shows the
result obtained when the current measure of exposure is instrumented by the historic one.*! The
third dot tests that the results hold when we estimate the effect of negative and positive reforms
in separate regressions. Here, the 2SLS results are not significant when only positive reforms are

used because the instrument becomes weak according to conventional thresholds.

By construction, in our data, we observe only subsidiaries that file at least one patent in a given

31This second test is applicable only for the reduced-form coefficients presented in figures 3 and A2, and not for
the IV coefficient.
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year. Consequently, our estimates on the total number of patents have to be interpreted as the
effect on the intensive margin: Reforms affect the quantity of inventors that move across borders
while continuing to patent and the amount of patents filed among subsidiaries that do innovate.
In order to explore whether attrition in the sample is affecting our results, we input subsidiaries
in the years when they do not patent if the MNE is observed patenting in other countries. For
these observations, all the patent counts are set to zero. We then estimate the effect combining
the intensive and the extensive margins by applying the same model to the new data. Given that
our outcomes are modified using the arcsinh transformation, they are defined in zero. The fourth

dot from the left in figure 3 presents the coefficients obtained after controlling for attrition.

In the main analysis, we decided to focus on unilateral reforms taken by individual countries that
directly target the migration of workers. One might wonder whether our reforms are confounded
with the signature of bilateral or multilateral trade agreements or by the EU enlargement that
took place over the period. We borrow the dataset Gurevich and Herman (2018) created to
identify all the major changes in trade agreements concerning our 15 countries during the period
of interest,*” and we combine them with indicators for each major EU enlargement episode, which
are attributed as events for Germany, Portugal, Spain, and the United Kingdom (list reported
in Appendix table A3). We then use the list combining trade and EU enlargement events to
construct a cumulative count measure, which we interact with subsidiary exposure and introduce
in the main regression as an additional control. The coefficients obtained are reported in the fifth

dot from the left in figure 3.

Finally, the last two dots of figure 3, which are reported in red, perform two placebo tests to
ensure that our measure of exposure is not correlated with differential trends in patenting that
are unrelated to the reforms. In the first placebo test, we randomly assign 49 positive and 13

negative fictitious reforms over the sample of 15 countries and 26 years (following the actual

32We define events whenever a country signs for the first time a new type of agreement over the period, including
i) economic integration agreement, ii) customs union, iii) free trade agreement, iv) partial scope agreement, v)
preferential trade agreement, vi) entrance in the WTO. This results in 16 events in our sample, which are detailed
in Appendix table A2. We also test whether results are robust to identify as an event every time a country signs
an additional agreement, even when it is not the first one of that type. In this case, we obtain 192 events and find
our results are robust to this approach. Results of this second approach are available upon request.
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number and types of reforms), and then we run our main specification on this modified dataset.
We repeat the operation over 1,000 replications, and we report the mean of the coefficients of
interest as well as the bootstrapped standard errors. In the second placebo test, we do the same
procedure, but we randomly assign 61 fictitious reforms to our country-year sample, randomly
classifying them as positive or negative, therefore relaxing further the structure of the data by
not imposing a fixed number of positive and negative events. Both of these exercises result in
small and insignificant coefficients associated with positive and negative pseudo-reforms, while
the exposure coefficient alone remains significantly positive and similar in magnitude to the one
obtained in the main analysis. These placebos confirm that exposure alone is not associated with

differential time trends if not interacted with the timing of actual reforms.

From this exercise, we conclude that the coefficient associated with negative reforms is robust to
measuring exposure further back in time, to including only negative reforms in the regression,
to accounting for the extensive margin of the effect, and to controlling for trade agreements and
the EU enlargement, while our exposure measure is not correlated with differential trends on
outcomes in periods without any reforms. The IV coefficient is also broadly consistent across
all robustness tests, except when we use only positive reforms (because the instrument becomes

weak).

Selection of the sample. Further, we test the sensitivity of our results to excluding one-by-
one the major countries from the sample, as well as from excluding one-by-one the three main
regions.”® Results are reported in Appendix figures A4, A5, and A6 for the reduced-form results
on number of patents, number of GMIs, and the 2SLS results, respectively. The reduced-form
effect of positive reforms on patenting becomes significant at the 10% level in some of the samples
excluding one country, and it is larger when the U.S. is excluded. The effect of negative reforms is
robust to excluding any of the countries from the sample, but the standard errors become wider

in the sample without the U.S. Consistently, we see from the regional heterogeneity analysis

33The countries with more than 5,000 observations in our sample are Canada, China, Germany, India, Japan,
South Korea, Taiwan, the United Kingdom, and the United States. The three main regions are Asia, Furope, and
North America.
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that negative reforms are particularly detrimental in North America, while positive reforms are
particularly beneficial in Asia. This is in line with evidence presented in Section 5, showing that
emerging markets benefit more than others from positive migration reforms. The 2SLS regressions
consistently show that GMIs increase patenting, no matter which country is excluded from the

sample.

4.3 Heterogeneity and Mechanisms

A caveat we discussed above is that we cannot know a priori whether the stronger effect of negative
reforms is driven by differences in reform intensity or asymmetric effects generated by reforms
with similar intensity. In this section, we divide the sample of reforms by type and see whether
the stronger effect of negative reforms is confirmed within a given type or whether it is driven
by different type composition. We look at the effect of: i) permanent versus temporary reforms,
defined based on whether they target immigration for more or less than one year; ii) volume versus
rights reforms, defined based on whether the reform changes migration quotas or rather the rights
that migrants enjoy once in the host country; and iii) major versus minor reforms, defined based
on the intensity of the change. Appendix table C12 shows how each reform is classified across
these three dimensions. Table 4 presents the results, where coefficients in the adjacent columns are

estimated in the same regression (see numbering of columns to distinguish separate regressions).

We see that the effect of positive reforms remains insignificant across all types, while the effect of
negative reforms remains highly significant across all types. This result suggests that the larger
effect of negative reforms is not driven by different reform intensities, as captured by our types,
but by asymmetric effects within a given intensity. Further, we can note that negative permanent
reforms have a stronger impact than temporary ones, that changes in quotas have a stronger
impact than changes in rights, and that major reforms have stronger impacts than minor ones.

These findings go in the expected direction and add robustness to our estimation strategy.

We conducted a variety of other tests to explore the mechanisms behind the asymmetry of effect
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Table 4: Effect on patents by reform type

B 2) 3)
N. Patents (asinh)
Permanent Temporary Volume Rights Major Minor
VARIABLES OLS OLS OLS OLS OLS OLS
Exposure x positive ref. 0.00638 0.0158 0.0120 0.0162 0.0127 0.0174
(0.00817) (0.0163) (0.0105)  (0.0224) (0.0141) (0.0181)
Exposure x negative ref.  -0.138%**  -0.0818** -0.134%FF - _0.0672** -0.185%**  -(0.0936***
(0.0139) (0.0327) (0.0146)  (0.0272) (0.0273) (0.0262)
Exposure 0.550%** 0.522%** 0.534%**
(0.0252) (0.0273) (0.0252)
Observations 166,360 166,360 166,360
R-squared 0.544 0.544 0.544

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1

Regression (1) includes interaction between the exposure measure and four count variables recording
positive and negative permanent and temporary reforms. Regression (2) does the same for positive and
negative volume and rights reforms, and Regression (3) for positive and negative major and minor reforms.
Initial N. patents in the subsidiary interacted with year dummies, MNE x year fixed effects and country
x year fixed effects included in all regressions. Period of analysis: 1990-2016. Continuous exposure to
the reforms is computed as the mobility rate of inventors observed within all the other subsidiaries of the
MNE over the preceding 5 years.

between positive and negative reforms; these are reported in Appendix A. In short, we find that
the stronger effect of negative reforms is driven by the reaction of small firms, which profit less
than large firms following an increase in access to cross-border mobility, but suffer significantly

31 Finally, negative reforms not only

more from reforms restricting such access (see Table A4).
decrease patents filed by teams involving GMIs, but also generate negative spillovers on teams of
never-movers. Average patent quality, on the contrary, is not affected by our reforms.*® These

results confirm that the harm generated by restricting firms’ access to talent is pervasive.

34In fact, in large MNEs, the effects of positive and negative reforms are symmetric.

35Table A5 explores the heterogeneous effect of reforms on patenting by teams that include or not GMIs. Table
A6 reports the effect on five measures of patent quality: generality, originality, radicalness, breakthroughs, and
number of citations.
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5 Effects on the Global Production of Knowledge

5.1 Race for Talent: Identifying Global Spillovers

In this section, we go beyond the effect of mobility reforms for the countries that adopt them,
and we leverage our multicountry setting to look at how reforms in one country affect patenting
elsewhere. To do this, we add to our framework additional regressors for the count of positive
and negative reforms that take place in another country (PRef.; and N Ref.,), interacted with

the exposure measure, as follows:

Yiew = Po + Brexpse + Bo(expse X PRefe) + Bs(Expse X NRefy)

+ ag(exprer X PRefor) + as(Expse X NRefor) + BaXger + Vet + 01 + €fet,  (2)

where ¢’ includes each of the major countries in our sample, added one by one in separate re-
gressions.”® Results are reported in Appendix table A7, and the main coefficients of interest (s
and ag in equation 2) are summarized in figure 4. Table A7 shows that the effect of own positive
and negative reforms (s and 3 in equation 2) remain unchanged regardless of the additional
reforms added in ¢. Figure 4 shows that the country with the most clear cut spillovers is the
U.S.: Each reform discouraging migration the U.S. adopts increases patenting in other countries
(+7%), while each reform encouraging migration the U.S. adopts decreases patenting in other
countries (-7%). In comparison (based on the point estimates reported in Appendix table A7), a
negative reform by the U.S. is equivalent to a third of the effect of a positive reform for the (non-
U.S.) average country, everything else equal. We can also note that positive reforms in Taiwan

contribute to decrease patenting elsewhere.*” However, according to our results, negative reforms

36The major countries are defined as those with more than 5,000 observations in our sample.

37Positive reforms in the U.K. increase patenting elsewhere, but only marginally significantly. It might well be
driven by firms in other European countries benefiting from the flow to the continent (particularly since our data
is pre-Brexit).
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do not generate any international spillovers when adopted in countries other than the U.S.

These results reveal that there is indeed a global competition to attract talent. In particular,
when it comes to the U.S., the leading economy in terms of innovation, changes in its migration
policies have important consequences for the innovation of other countries. We see this result as a
central part of this paper’s contribution, as it shows that focusing on the local effects of mobility
on innovation while not accounting for the dynamics of other countries misses part of the picture.
This finding also complements the results of Glennon (2020) and Prato (2021) by showing that

the United States is a special case when it comes to its ability to poach talent from other nations.

Figure 4: Spillover effects of reforms across countries
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Each dot represents the result obtained from a separate regression adding to the main specification an additional
interaction between exposure and positive and negative reforms taking place in another country, while the vertical
line reports the 95% confidence interval. To ease interpretation the coefficients are rescaled by S[Exzposure], such
that the vertical axes can be read as growth rates relative to exposure alone.

5.2 Shifts in the Geography of Knowledge Production

Finally, one of the most important questions we can answer in our global setting is whether human
mobility explains shifts in the geography of global knowledge production over time. Figure 1d

shows that during our period of interest, emerging markets such as China, India, Korea, and
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Taiwan increased drastically their share of total patent production, at the expenses of advanced
countries such as the United States, Japan, and Germany. We investigate the role played by
mobility policies by estimating our main model on the share of total yearly patents filed by each
subsidiary—a measure of global innovation share—and by evaluating the heterogeneity of the
effect across countries with initially high and low shares of global patent production. We measure
the initial share of global innovation by computing the total number of patents filed from 1985 to
1990 by each country in our data as a share of the total. The United States, Japan, and Germany
are the countries with (by far) the highest initial shares of global patents, and they account for
67% of our sample. We treat all the other countries in our dataset as "low initial share." We then

reestimate our main specification by adding a triple interaction as follows:

cht = 50 + Blexpfct + 52(€5Upfct X PRefct) + 63(Expfct X NRefct) + 54(3$pfct X LISC)

+ 65(€$pfct X L[Sc X PR@fCt> + ﬁ6<€xpfct X L[Sc X NRefCt) + Vet + 5ft + €fets (3)

where Y} captures the share of total patents filed in year ¢ across all countries in the sample
coming from subsidiary f in country ¢; LIS, is a binary indicator identifying countries with low
initial shares in global patent production. Appendix table A8 reports the results from estimating
the baseline model reported in equation 1 as well as the triple interactions reported in equation
3. Column (1) of table A8 shows that positive reforms do not significantly impact the share
of total patents filed by a subsidiary, but negative reforms do decrease it significantly. We find
similar results for GCPs and domestic patents when considered separately (columns (3) and (5)).
Interestingly, results are highly heterogeneous across the initial share of innovation. Countries that
counted very little in global knowledge production at the beginning of the period gain significantly
more following positive migration reforms, while the initial leaders in knowledge production appear
to lose more following negative migration reforms, even if the difference is not significant. This
result highlights how policies encouraging inventor mobility effectively helped emerging markets

gain importance in the geography of global innovation. We observe these patterns once again for
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both GCPs and domestic patents (columns (4) and (6)).

To get a sense of the economic significance of these effects, we compute some simple back-of-the-
envelope calculations. We want to determine how much of the observed growth in the share of
patents filed by emerging markets is explained by migration policies. We use our triple interaction
model to predict the effect of positive and negative reforms on the share of global patents filed
by each subsidiary f located in a country with low initial shares. We then use the prediction to
calculate the total effect of reforms on the share of patents filed by each country ¢ within the low

initial share group in year ¢ as follows:

F
) = > expyes((B2 + B5)PRefor + (B + )N Refer). (4)
f=1

Finally, we compute the predicted aggregate trends in the geography of innovation in the absence

of migration reforms by subtracting I;f%‘ from the actual share observed in each country I;‘Z%

and aggregating it over all countries with low initial shares.

Figure 5: Predicted aggregate trends observed in emerging markets
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The actual outcomes are the share of total patents observed in countries with low initial shares across the period
of interest (includes all countries except the U.S., Japan, and Germany). We obtain the predicted outcomes by
subtracting the predicted effect of positive and negative migration reforms from the actual outcomes.

Figure 5a shows that countries with low shares of patents at the beginning of the period would have

grown only from roughly 5% to 19% of total innovation in the absence of migration reforms, while
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the actual change that occurred over the period brought them to 25% of total innovation. Figure
5b further distinguishes between the predicted outcome in absence of positive migration reforms
and in absence of negative migration reforms, showing that positive reforms have substantially
helped these countries become leading inventors. If emerging markets would not have adopted
any negative migration reform, they would have reached up to 30% of patents filed by 2015. On
the contrary, if they would have adopted only negative migration reforms (but no positive ones),
they would have remained at 12% of total knowledge production. These results strongly suggest
that policies favoring human mobility have helped emerging markets in their global innovation
race. Migration reforms are, thus, crucial elements in helping us understand global trends in the
geography of innovation over the past decades. Appendix figure A7 disaggregates the comparison
between actual and predicted trends by country, showing that positive migration reforms generated

particularly large boosts for China and Korea.

6 Concluding Remarks

The global patterns of knowledge production are changing. The impressive rise of China and
India as sources of the production of global innovation in the past two decades has often been
attributed to MNEs shifting their patenting activity toward these countries. MNEs’ innovative
potential is increasingly recognized to rely on the knowledge and absorptive capacity of its local

subsidiaries.

This paper presents robust evidence for an additional driver of this process: the cross-border
mobility of inventors. Specifically, we investigate whether and to what extent subsidiary-level
investments in innovation change following migration reforms that either ease or reinforce barriers
to immigration into the country. We find that pro-business migration reforms significantly increase
MNE innovation within a country, especially in terms of GCPs, while reforms that discourage
migration lead to significant declines in both domestic patents and GCPs. The effect of positive

reforms is driven by teams involving GMIs; while the effect of negative reforms is driven by a
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change in innovation produced by teams that directly involve GMIs as well as by domestic teams

composed entirely of never-movers.

Yet, perhaps the central contribution of our study is to show that inventor mobility plays an
important role, too, in explaining the dynamics of the globalization of knowledge production. As
such, analyses that discard global trends in human mobility fail to capture important shifts in the
global trends of innovation. In this context, our study finds that migration reforms adopted in the
U.S. generate important spillovers on other countries that go in the opposite direction, highlighting
the existence of an international competition to attract talent. In essence, when the U.S. eases
inflows to attract talent, other countries are hurt in terms of their innovative capacity and vice
versa. Finally, we find that positive migration reforms help explain the increased importance of

emerging markets in global knowledge production.

Our findings carry important policy implications. In particular, the severe asymmetry in the
effects associated with positive and negative reforms underlines how policies deterring human
capital mobility are heavily detrimental to local knowledge production and might be hard to
reverse through subsequent improvements. This is particularly true when considering that other
countries could benefit from attracting talent turned away from places like the U.S. Overall, as
human mobility still faces important restrictions compared to other flows, this comes at the cost
of lower innovation—one of the most important drivers of economic growth and prosperity—in
the years to come. Our findings are also arguably a wake-up call for policy makers in the United
States and suggest that having a competitive strategy to attract global talent is an important

driver in maintaining the U.S.s leadership role in global innovation.
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A Additional Tables and Figures

A.1 Tables
Table A1l: Summary of patents by country
N. of patents N. of GCP N. of domestic Sh.' of migrant N. Obs
patents inventors

Country Mean sd Mean sd Mean sd Mean sd count
Brazil 217 (3,53) 124 (1,90 093  (2,44) 0,13 (0,31) 1944
Canada 3,57  (15,44) 1,36 (4,90) 2,21 (11,97) 0,20 (0,33) 26085
Chile 1,26 (0,72) 0,87  (0,81) 0,39  (0,68) 0,14 (0,34) 304
China 7,20 (44,05) 2,38 (8,94) 4,82 (40,14) 0,34 (0,38) 12408
Germany 7,87 (34,51) 1,71 (6,32) 6,16  (30,27) 0,12 (0,25) 34932
Spain 2,39 (4,72) 127 (2,17) 1,12 (3,36) 0,15 (0,33) 4037
United Kingdom 3,98  (10,04) 1,54 (3,87) 2,44 (7,69) 0,19 (0,33) 28420
India 6,03 (23,30) 2,99  (12,63) 3,04 (12,33) 0,20 (0,34) 6831
Japan 33,60 (150,96) 1,02 (3,31) 32,58 (149,06) 0,08 (0,20) 27914
Korea 33,27 (258,02) 1,46  (10,47) 31,81  (249,00) 0,18 (0,31) 6705
Mexico 2,02 (3,90) 121 (1,81) 082 (2,82 0,11 (0,30) 1516
Philippines 2,18 (2,34) 1,31 (1,58) 0,87  (1,68) 0,17 (0,34) 488
Portugal 1,43 (1,49) 0,95  (0,87) 0,48  (1,26) 0,16 (0,37) 535
Taiwan 11,71 (56,67) 1,56 (8,53) 10,15 (51,81) 0,14 (0,29) 10163
United States 14,17 (86,11) 1,53 (11,22) 12,64 (77,03) 0,09 (0,21) 135637

Summary statistics computed for the sample of subsidiaries belonging to an MNE over the period
spanning from 1990 to 2016.
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Table A2: List of new trade agreements signed over the period

Country Year New agreement New institution
Brasil 1991 enter eia, cu

Brasil 2010 enter fta

Canada 1994 enter eia

Chile 1997 enter fta, eia

China 2001 enter psa, pta enter WTO
China 2003 enter fta, eia

India 2000 enter fta

India 2005 enter eia

Japan 2002 enter fta, eia, psa

Korea 2004 enter fta, eia

Mexico 1994 enter fta, eia

Philippines 1993 enter fta

Philippines 2004 enter eia

Taiwan 2002 enter WTO
Taiwan 2004 fta, eia, pta

United States 1994 enter eia

Note: Legend: eia - economic integration agreement, cu
- customs union, fta - free trade agreement, psa - partial
scope agreement, pta - preferential trade agreement. No
country in our sample exited an agreement over our period
of interest.

Table A3: List of EU enlargements that took place over the period

Year Event

1995 Austria, Swden, and Finland
join the EU.

2004 Malta, Cyprus, Estonia, Latvia,
Lithuania, Poland, Czech Re-
public, Slovakia, Slovenia, Hun-
gary join the EU.

2007 Romania and Bulgaria join the
EU.

2013 Croatia joins the EU.

Events linked to the EU enlargement that
affect Germany, Portugal, Spain and the
United Kingdom in our sample.
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Table A4: Effect on GMIs and patents by MNE size

0 2
N. GMIs N. Patents
(asinh) (asinh)
VARIABLES OLS OLS
Exposure x pos. ref. 0.0637*** 0.0785%**
(0.0134) (0.0177)
Exposure x pos. ref. x small MNE -0.0788*** -0.116%**
(0.0131) (0.0173)
Exposure x neg. ref. -0.00151 -0.0733%*
(0.0233) (0.0301)
Exposure x neg. ref. x small MNE -0.0997*** -0.118%**
(0.0246) (0.0317)
Exposure 0.212%** 0.550%**
(0.0176) (0.0241)
Observations 166,360 166,360
R-squared 0.518 0.552

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
Small MNEs identify the 50% of the sample with the smallest number of
subsidiaries. Initial N. patents in the subsidiary interacted with year dum-
mies, MNE x year fixed effects and country x year fixed effects included
in all regressions. Period of analysis: 1990-2016. Continuous exposure to
the reforms is computed as the mobility rate of inventors observed within
all the other subsidiaries of the MNE over the preceding 5 years.

Table A5: Effect on patents by team composition

(1) (2) (3) (4) (5) (6)
N. Patents (asinh) N. GCPs (asinh) N. Domestic patents (asinh)
Teams w. T. wout. Teams w. T. wout. Teams w. T. wout.
GMIs GMIs GMIs GMIs GMIs GMIs
VARIABLES OLS OLS OLS OLS OLS OLS
Exposure x positive ref.  0.0208*** 0.0175* 0.00722** 0.00457 0.0226** 0.0153
(0.00780)  (0.00946) (0.00326)  (0.00280) (0.00886) (0.00997)
Exposure x negative ref. -0.0657***  -0.161*** -0.0104*%  -0.0188%*** -0.0688*** -0.178%%*
(0.0116)  (0.0155) (0.00579)  (0.00461) (0.0135) (0.0167)
Exposure 0.272%%* 0.612%** 0.0793*** 0.0761*** 0.322%%* 0.676%**
(0.0198)  (0.0268) (0.00985)  (0.00808) (0.0235) (0.0292)
Observations 166,360 166,360 166,360 166,360 166,360 166,360
R-squared 0.593 0.534 0.697 0.650 0.457 0.517

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1

Columns (1), (3) and (5) use as outcome patents filed by teams that include at least 1 GMI, while columns (2), (4)
and (6) use as outcomes patents filed by teams of never-movers. Initial N. patents in the subsidiary interacted with
year dummies, MNE x year fixed effects and country x year fixed effects included in all regressions. Period of analysis:
1990-2016. Continuous exposure to the reforms is computed as the mobility rate of inventors observed within all the
other subsidiaries of the MNE over the preceding 5 years.
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Table A6: Effect on patent quality

(1) (2) 3) (4) ()
Generality per Originality per ~ Radicalness per N. of N. of citations
pat (asinh) pat (asinh) pat (asinh) breakthrough per pat (asinh)
per pat (asinh)
VARIABLES OLS OLS OLS OLS OLS
Exposure x positive ref. 6.99e-05 -0.000344** -8.49e-05 -8.26e-05 0.000649
(0.000257) (0.000174) (0.000282) (0.000116) (0.00182)
Exposure x negative ref. -0.000357 -0.000131 -0.00104 -9.22e-05 -0.0133%**
(0.000660) (0.000440) (0.000684) (0.000443) (0.00494)
Exposure -0.000657 0.00102 0.00337#** -0.000211 0.0638***
(0.000932) (0.000652) (0.000976) (0.000444) (0.00598)
Observations 129,929 144,936 144,952 146,221 146,221
R-squared 0.729 0.729 0.704 0.719 0.773

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
Columns (1), (2), and (3) weight the count of the number of patents by the generality, originality, and radicalness
coefficients, respectively, and then divide them by the patent count. Column (4) computes the share of patents that are
considered breakthrough. Column (5) computes the number of citations per patent. Standard errors clustered at the
subsidiary level. Initial N. patents in the subsidiary interacted with year dummies, MNE x year fixed effects and country
x year fixed effects included in all regressions. Period of analysis: 1990-2016. Exposure to the reforms is computed as
the mobility rate of inventors observed within all the other subsidiaries of the MNE over the preceding 5 years.
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Table A8: Effect on share of patents filed in emerging markets

1) (2)

Share of global patents
filed by subsid.

3) (4)

Share of global GCPs
filed by subsid.

(5) (6)
Share of global
domestic pat. filed by

subsid.
VARIABLES OLS OLS OLS OLS OLS OLS
Exposure x pos. ref. 0.00188 -0.00294** 7.75¢-05  -0.00192%** 0.00226 -0.00260**
(0.00142)  (0.00125)  (0.000343) (0.000622)  (0.00159)  (0.00131)
Exposure x neg. ref. -0.00931***  -0.00686*** -0.00133**  -0.000372 -0.0102%**  -0.00773%**
(0.00207)  (0.00166)  (0.000605) (0.000450)  (0.00225)  (0.00185)
Exposure x emerging M. -0.0196%** -0.00919%*** -0.0198%***
(0.00554) (0.00250) (0.00580)
Exposure x pos. ref. x emerging M. 0.00637*** 0.00248%** 0.00651**
(0.00231) (0.000773) (0.00256)
Exposure x neg. ref. x emerging M. 0.00405 0.00159%* 0.00457
(0.00258) (0.000922) (0.00285)
Exposure 0.0182%** 0.0290*** 0.00545%*%  0.0103*** 0.0192*%*%*  0.0300%**
(0.00403)  (0.00593) (0.00122)  (0.00229) (0.00436)  (0.00622)
Observations 166,360 166,360 166,360 166,360 166,360 166,360
R-squared 0.256 0.258 0.366 0.367 0.252 0.253

Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
The outcomes measure the share of global patents, GCPs, and domestic patents produced in a year filed by each subsidiary.
emerging markets are defined as the 50% of the sample with the lowest share of global patents observed over the period
1985-1990. Standard errors clustered at the subsidiary level. Initial N. patents in the subsidiary interacted with year
dummies, MNE x year fixed effects and country x year fixed effects included in all regressions. Period of analysis: 1990-
2016. Exposure to the reforms is computed as the mobility rate of inventors observed within all the other subsidiaries of

the MNE over the preceding 5 years.
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A.2 Figures

Figure A1l: Additional pre-trend tests

(a) N. GCPs (asinh) (b) N. domestic patents (asinh)
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These graphs plot the dynamic effects obtained by interacting the exposure measure with dummies for the 3 years
preceding the first reform in each country. Time t-3 is normalized to zero. The model is estimated separately for
positive and negative reforms. The bars represent the 95% confidence intervals.

Figure A2: Robustness tests on N. of GMIs (asinh) - reduced form

(a) Effect of positive reforms (b) Effect of negative reforms
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Each dot represents the result obtained from a separate regression, while the vertical line reports the 95% confidence
interval. To ease interpretation the coefficients are rescaled by S[Exposure], such that the vertical axes can be
read as growth rates relative to exposure alone. The coefficients in blue concern regressions with slightly modified
samples or methodology, while the ones in red are two distinct placebo tests.
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Figure A3: Robustness tests on N. of Patents (asinh) - 2SLS coefficients
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Each dot represents the result obtained from a separate regression, while the vertical line reports the 95% confidence
interval.
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Figure A4: Effect of excluding one country / region on N. of Patents (asinh) - reduced form

(a) Positive reforms excl countries (b) Positive reforms excl regions
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(c) N egative reforms excl countries (d) N egative reforms excl regions
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Each dot represents the result obtained from a separate regression, while the vertical line reports the 95% confidence
interval. To ease interpretation the coefficients are rescaled by S[Exposure], such that the vertical axes can be
read as growth rates relative to exposure alone. The coeflicients are obtained after excluding 1 by 1 the countries
or regions in our sample that account for at least 5,000 observations.
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Figure A5: Effect of excluding one country / region on N. of GMIs (asinh) - reduced form

(a) Positive reforms excl countries (b) Positive reforms excl regions
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Each dot represents the result obtained from a separate regression, while the vertical line reports the 95% confidence
interval. To ease interpretation the coefficients are rescaled by S[Exposure], such that the vertical axes can be
read as growth rates relative to exposure alone. The coeflicients are obtained after excluding 1 by 1 the countries
or regions in our sample that account for at least 5,000 observations.
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Figure A6: Effect of excluding one country / region on N. of Patents (asinh) - 2SLS coefficients

(a) Regressions excl countries

(b) Regressions excl regions
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Each dot represents the result obtained from a separate regression, while the vertical line reports the 95% confidence

interval.

Confidence intervals not reported in regression excluding Asia for presentation purposes.

They are

extremely large, which is explained by the instrument being weak in this sample (K-P F-statistic below 1).

Figure AT7: Predicted trends in share of global patents after subtracting the effect of reforms
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The actual outcomes are the total patent shares observed in each country across the period of interest. We obtain
the predicted outcomes by subtracting the predicted effect of positive and negative migration reforms from the
actual outcomes. We select the countries in the low initial share group that have a large number of observations.
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B Validity of the Main Assumptions

The main assumption of difference-in-differences estimations is the common trend hypothesis.
The test for pre-trends is reported in the main analysis. The second central assumption that is
made by our strategy, driven by the choice of introducing reform events as count variables, is that
the average treatment effect of a given reform type is equivalent across events, which means that
the magnitude of the effect of the first reform in a given country is comparable to the second
reform, the second is comparable to the third, and so forth. To test this assumption, we estimate

the following model:

2,3
Yiee = Bo + Brexpye + Z a,Refl X expper + Yer + 0pt + €fets (B1)
r=1

where r indexes up to three consecutive positive reforms and up to two negative reforms in a
given country, Ref!, identifies the period in country c after reform 7 and prior to reform r + 1
and «, recovers the distinct effect of each subsequent reform from the first to the third.*® We
run the regression separately for positive and negative reforms on the sample of countries that
experience at least one of them and on the sample of years preceding the third reform of the same

type within each country.

The recovered coefficients are reported in figure B8, for the number of patents and the number of
GMIs observed in the subsidiary. What we can observe is that the effect is slightly increasing in
magnitude, with the second positive reform having a larger effect than the first and the second
negative reform having a slightly larger effect than the first. Nonetheless, the 95% confidence

intervals overlap, suggesting that the effects are comparable in terms of magnitude.

38We limit ourselves to two consecutive negative reforms and three consecutive positive reforms because the
sample of countries experiencing more than that becomes very small.
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Figure B8: Test for equivalence of effect across subsequent reforms

(a) asinh Patents, subsequent positive reforms  (b) asinh Patents, subsequent negative reforms
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These graphs plot the separate effect of the first and second reform taking place in a country obtained by running
equation Bl on the sample cut before the third subsequent reform. The model is estimated separately for positive
and negative reforms. The bars represent the 95% confidence intervals.

B.1 Dynamic Effects

The standard model used to recover the dynamic treatment effects is the following:

+3 +3

Vi = Bo+Brexpsat Y Lipne, =ty €D+ D Litynes +h=t}06€TDet+Yer + 051 +€set, (B2)
k=3 k=3

where k indexes time to the nearest reform, 1(¢pres, + k = t) is a series of indicator variables
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indexing observations k periods before or after a positive reform event, and L(tyges, + k = t)
is the equivalent for negative reforms. expy. represents our exposure measure. Here, oy, and 6y
identify the dynamic marginal treatment effects of positive and negative reforms at event-time k
relative to an omitted baseline period (the year prior to reform enactment). This estimate can be
thought of as a by-year estimate of the 35 coefficients in equation 1 that comes at the expense of

omitting information on reform events’ links to all but the most proximate years.

In the ideal setting, we would estimate the model reported in equation B2 on the full sample, as-
signing the timing with respect to the closer reform. Nevertheless, in our case the high frequency
of reforms observed in certain countries makes it really difficult to distinguish between pre- and
post-periods. Thus, we adopt an alternative strategy: We perform a Monte Carlo simulation in
which we randomly draw 1,000 times one single positive and one single negative reform for each
country, which we use to estimate equation B2. We then take the average over the 1,000 different

oy, and 6, that we obtain, and we compute bootstrapped standard errors.?”

Figure B9 plots the point estimates and corresponding 90% confidence intervals of «j and 6
for the three years leading to a reform and the three years following it. The year preceding the
reform is used as a reference point. Figures B9a and B9b show that the number of GMIs and
patent production in subsidiaries with different levels of exposure followed the same exact trends
in the years preceding a positive reform and, if anything, they showed slightly higher growth in
the years preceding a negative reform. After the implementation of a positive policy, there is
an increase in the number of patents filed by the subsidiary, but the effect on individual post-
period years is not significant. After a negative reform, most exposed subsidiaries see a decline
in patents compared to the rest. When we disentangle between GCPs and domestic patents
(figure B9c and figure B9d), we find no effect of positive reforms on GCPs and generally a larger

effect in magnitude on domestic patents. These results are broadly consistent with the main

39Tn countries where both positive and negative reforms take place, each time we draw one from each of the two
types. For the others, we draw only from the reform type that they have. In order to maintain all the observations
in the regressions, for countries without positive reforms, we set all the time-to-reform dummies to 0, and we do
the same for countries without negative reforms.
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Figure B9: Dynamic effect of reforms

(a) asinh GMIs (b) asinh Patents
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These graphs plot the dynamic effects obtained by running equation B2 on the three years preceding and the three
years following the reforms, for total number of patents (panel a), GCPs (panel b), and domestic patents (panel
¢). The bars represent the 90% confidence intervals. Instead of estimating the model on the full sample of reforms,
the graph is obtained by running a Monte Carlo simulation on 1,000 random samples where one positive and one
negative reform are picked for each country and by averaging the effect over all of them.

(static) analysis, but with the difference that the majority of the coefficients on individual post-
period years are insignificant. This might be explained by the fact that positive reforms have
a significant effect if all post-reform years are considered together (including long-term effects),
but not if individual years are considered separately. This exercise also underlines the difficulty
performing the standard event study analysis in a context including multiple reforms clustered in

time.
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C Reform Data Construction

This appendix focuses on the collection and construction of the database of unilateral reforms
to migration policy impacting high-skilled migrants. The first subsection provides the list of
reforms, and the second subsection describes the collection of the larger dataset of reforms. The
full dataset is available upon request. To select our sample, we started from the 16 countries used
by Branstetter, Fisman and Foley (2006), who study the impact of systematic reforms designed to
strengthen and standardize intellectual property on MNEs’ foreign direct investments from 1982
to 1999. We depart from their list by adding four major innovation countries that account for
more than 1% of GMIs (Canada, Germany, the United Kingdom, and the United States) and
by dropping their five countries that patent very little and account for less than 0.2% of GMIs
(Argentina, Colombia, Thailand, Turkey, and Venezuela). Table C9 reports the sample selection
criteria, where BFF indicates the sample of Branstetter, Fisman and Foley (2006) and BCSS

indicates our sample.

C.1 Study Reforms

For each reform examined in this study, table C10 lists the country impacted, the year of imple-

mentation, the estimated impacts on migrants, and a brief description of the reform.

Table C10: Description of study reforms

Country Year Title Impacts Brief Description

Brazil 2014 Amendment Increase Volume, In- The amended act supports electronic visa, and
of Foreign crease Rights gives Ministry of Foreign Affairs the power to
Statute simplify visa application process. It also im-

plies that aliens who wish to travel to Brazil
on business, as an artist or athlete does not
need a visa if their country treat Brazilians

the same.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description
Canada 2002 Immigration Decrease Rights The act was the primary federal legislation
and Refugee regulating immigration to Canada and created
Protection a high-level framework detailing the goals and
Act guidelines the Canadian government with re-
gard to immigration to Canada by foreign res-
idents. It sets out the core principles and con-
cepts that govern Canada’s immigration and
refugee protection programs, including provi-
sions relating to refugees, sponsorships and
removals, detention reviews and admissibility
hearings, and the jurisdiction and powers of
tribunals.
Chile 2005 Ratification Increase Rights Chile ratified the United Nations convention
of ’The on migrant workers and developed policies to
United Na- assist in their integration. Allowed immi-
tions Conven- grant children to attend school and be treated
tion on the equally to native students regardless of migra-
protection of tory status. Healthcare access in public hos-
the rights of pitals were granted to immigrant children and
all migratory pregnant women.
workers and
their families’
China 1994 The Hundred Increase Volume The initiative is one of the earliest and biggest

Talents Pro-

gram

programs in China to attract qualified schol-
ars to conduct research in China. One-time re-
search grant of up to $2M RMB plus housing
allowance are provided to qualified personnel.
Applicants need to be under 40 and work full

time in China.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description
China 1996 Administration Decrease Rights The law set the guidelines for the employ-
of  Employ- ment of foreigners in China. This includes
ment of provisions such as - Employees without Chi-
Foreigners in nese nationality must obtain an employment
China license; foreigners entering China for employ-
ment purposes must hold an employment visa
and can only be hired for positions which can-
not be filled by a Chinese national; provides
exemptions for UN employees. Labour con-
tracts with foreign workers shall not exceed 5
years. Wage, minimum wage, labour disputes
and working conditions of foreign employees
shall be governed by local Chinese law, etc.
China 2004 Decree  No. Increase volume The act specified ""Green Card"" policy for
47, 2004: China into 3 categories: technical, invest-
Measures for ment, and marriage. To qualify for techni-
the Admin- cal immigration, aliens need to hold title of
istration  of associate director/associate professor equiva-
Examination lent or above. Investment category required
and Approval at least $500,000 investment into national rec-
of Aliens’ ommended industries or some less developed
Permanent regions. Marriage category required living in
Residence in China for at least 5 years with spouse who is
China Chinese or has obtained permanent residency.
China 2013 Administrative Increase volume Visa categories were increased from 8 to 12
Regulations with adjusted scopes for F, X and Z visa. ""Il-
of the Peo- legal employment"" fine increased from 1,000
ple’s Repub- RMB to 10,000 RMB per person for the em-
lic of China ployer but not exceeding 100,000 RMB. For-
on Entry eign individual would be fined for 5,000 -
and Exit of 20,000 RMB with potential detention of up to
Foreigners 15 days. Foreign students with X visa were
allowed to work off-campus.
China 2008 The  Thou- Increase Volume The program established in 2008 by the cen-

sands Talent

program

tral government of China to recognize and re-
cruit leading international experts in scientific

research, innovation, and entrepreneurship.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description
Germany 2000 The Green Increase volume This initiative provided a non-bureaucratic
Card Initia- means of bringing foreign experts in the infor-
tive mation and communication technology (ICT)
field to Germany. 20,000 temporary visas were
created, but the program was discontinued at
the end of 2004.
Germany 2005 Immigration Increase volume; In-  This act amended the Nationality Act and in-
Act of 2005 crease rights troduced a new Residence Act. It simplified
(Complete and reduced the number of residence titles to
Overhaul two: a temporary residence permit and a per-
of  German manent settlement permit. For the first time,
Migration the focus was placed on long-term permanent
Policy) residency for migrants, in particular for skilled
workers, and on integration measures.
Germany 2012 EU Blue Increase volume The Blue Card introduced based on the Blue
Card (Article Card Directive (Directive 2009/50/EC) was
19a, German designed to create a European equivalent of
Residence the popular US Green Card. In particular, this
Act) law has streamlined visa application and right
of residence procedures for skilled profession-
als from abroad. Highly qualified members of
third countries can apply for the Blue Card.
Relatives of the applicant receive a work per-
mit in parallel.
Germany 2016 Integration Increase rights The Integration Act and the Regulation on the
Act of 2016 Integration Act aim to facilitate the integra-
tion of refugees into German society.
India 2005 Ramanujan Increase Volume Ramanujan Fellowship is meant for brilliant
Fellowship Indian scientists and engineers from outside

India to take up scientific research positions
in India, those Indian scientists/engineers who
want to return to India from abroad. The fel-
lowship is scientist-specific and very selective.
The Ramanujan Fellows could work in any
of the scientific institutions and universities
in the country and they would be eligible for
receiving regular research grants through the
extramural funding schemes of various S&T

agencies of the Government of India.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description

India 2016 India Corpo- Increase Volume The program aims at attracting overseas Indi-
rate Intern- ans who are currently pursing graduate studies
ship outside India in Management/Engineering/-

Science & Technology to intern in India for
2 to 6 months. In summer 2016, 60 paid in-
ternship opportunities will be available at 23
well-known Indian companies.

Japan 1992 Foreign Extend Duration For foreign trainees in Japan, if certain profi-
Trainee ciency was achieved for language and profes-
Program sional skills, they were allowed for another 1

year and 3 month of work status.

Japan 1993 Technical Increase Volume Foreign workers were issued training status for
Internship 1 year and 2-year work status if they pass tests
Trainee at the end of the training. Trainees could
Program only be sent from Japanese company’s over-

seas branch.

Japan 2010 Basic Guide- Increase Rights This guideline promotes the acceptance of
lines related Japanese descendants who lacks language pro-
to Policies ficiency. The government will provide daily life
for  Foreign support, offer jobs and respect diverse culture.
Residents
of Japanese
Descent

Japan 2012 Point System Increase Volume A point-based system was established to

for Highly
Skilled  For-
eign  Profes-

sionals

attract highly-skilled foreign professionals.
Three types of professionals are given prefer-
ential immigration treatment: advanced aca-
demic researcher, advanced specialist/techni-
cian and advanced business managers. In
each category, points were given to academic
achievement, work experience, annual income
and other factors. If total points reach 70, the
professional will be granted a status of resi-

dence.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description

Japan 2014 The Act Increase Volume Reorganizes the statuses of residence such as
for Partial by establishing a status of residence for foreign
Amendment nationals who possess advanced and special-
of the Im- ized skills in order to promote the acceptance
migration of foreign nationals who will contribute to the
Control and development of the Japanese economy amid
Refugee economic globalization, and takes such mea-
Recognition sures as further facilitating the procedures for
Act landing examinations, etc.

Japan 2015 Revised Increase Volume Highly skilled professional became a type of
Point System visa. The revision is meant to make foreign
for Highly professionals come to Japan more easily than
Skilled  For- before.
eign Profes-
sionals

Mexico 2010 Reform to Increase Rights The revision allowed migrants to report hu-
Article 67 of man rights violation and granted migrants
General Law rights to receive aid in event of disasters and
of Population medical treatment if their life is in danger.

Mexico 2011 Migratory Increase Rights The Migration Law eliminated over 70 arti-
Act of May cles in the Gernal Law of Population and is
25th now the immigration law in Mexico. The law

guaranteed foreigners the right to education,
health services and judicial rights. The Cen-
ter for Evaluation and Control of Trust would
be created to oversee the conduct of the im-
migration authorities. The new law has four
new categories of immigration permits: Vis-
itor, Student, Temporary Resident, and Per-
manent Resident. Recognition of the right’s
immigrants acquire, whereas foreigners with
family, labor, and business ties to Mexico gen-
erate a series of rights and commitments as
of the time in which they begin their day-to-
day lives in Mexico, even if they have fallen
into irregular migratory status for administra-
tive reasons and provided, they have complied

with applicable law.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description

Mexico 2012 Guidelines for Decrease Rights Mexican companies wishing to hire foreign-
Immigration ers must obtain evidences of registration with
Procedures the National Immigration Institute. Foreign-
and Proceed- ers cannot change status within Mexico from
ings a visitor visa to a work permit.

Mexico 2014 Amendment Extend Duration, In- A new 10-year visitor’s visa was introduced
to the Im- crease Volume for family members of a Mexican citizen or
migration of current temporary resident and permanent
Law resident. Income and saving requirements for

temporary resident and permanent resident
have been reduced.

Philippines 1996 Migrant Increase Volume The act established the replacement and moni-
Workers and toring centre jointly responsible by the depart-
Overseas ment of labor and employment, overseas work-
Filipinos Act ers welfare administration and Philippines

overseas employment administration. The
centre offers returnees skill training, job op-
portunities, livelihood programs and etc.

Philippines 2002 Balikbayan Increase Volume, In-  This program amended the Republic Act No.
Program (Re- crease Rights 6768 enacted in 1989 and granted more bene-
public Act fits and privileges to the balikbayan (overseas
No. 9174) Filipino returning to the Philippines, includ-

ing former Filipinos who have acquired foreign
citizenship). The program granted balikbayan
and their immediate families visa-free entry
and stay for up to one year and tax exemp-
tion for certain purchase.

Philippines 2009 Changes to Decrease Volume The order aims to prevent foreigners from tak-
Alien Em- ing jobs that could be filled up by Filipinos.
ployment DOLE may inspect the establishments em-

Permits (De-
partment

Order 97-09)

ploying aliens to verify the legitimacy of the
employment. Aliens whose Alien Employment
Permit (AEP) application was denied would
not be allowed to apply for a new AEP appli-

cation.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description
Philippines 2012 Changes to Decrease Volume This change requires that aliens to appy for
Alien Em- a new AEP if a new job position is assumed
ployment within their current organization or start em-
Permits ployment in a new company. Fines were estab-
(Depart- lished for aliens found working in the Philip-
ment  Order pines without a valid AEP as well as for orga-
120-12) nizations employing them. Processing time of
AEP application was reduced.
Philippines 2013 Extension of Extend Duration Duration of stay for aliens without visa from
Visa Stay 151 countries (including US) was extended
from 21 days for 30 days
Philippines 2015 Changes to Decrease Volume This change affects aliens who wish to work
Alien Em- in Philippines and the processes to acquire an
ployment AEP. Notable changes include a more detailed
Permits description of an AEP needs to be published
in newspaper and on the DOLE for 30 days;
an understudy training program for training
two Filipino nationals is required for each AEP
application; and the processing fees was in-
creased.
Portugal 2001 Law-Decree Increase Volume A new temporary work visa category ""stay
n°4/2001 of permit"" was created for foreigners who has
January 10: a work contract. The stay permit was valid
immigration for one year with the possibility of extending
law to a maximum of five years. Foreigners were
allowed to bring their family members to Por-
tugal and at the end of the five-year period,
foreigners can apply for a resident permit.
Portugal 2003 Law-Decree Decrease Volume ""Stay permit"" was abolished in this version

n°34/2003 of
February 25:
immigration

law

of the immigration law. A system of quotas
was established based on a report on domestic
skill shortage in each sector. Employers need
to go through a complex procedure to employ

foreigners.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description

Portugal 2012 Golden Visa Increase Volume This scheme grants foreign individuals a
Program golden visa (permanent residency) if they fall

into three categories: 1) invest 500,000 in real
estate; 2) make capital transfer of at least 1M
Euro or 3) create 10 jobs. If visa holder stayed
at least 7 days in year 1 and 14 days in the
remaining 4 years, he/she can apply for citi-
zenship.

South Korea 1991 Industrial Increase Volume This program allowed Korean companies over-
and Techni- seas to train foreign employees. The trainees
cal Training could stay for six months with a possible ex-
Program for tension for another six months.

Foreigners
(ITTP)

South Korea 1992 ITTP Increase Volume The change allowed small and medium busi-
nesses without overseas presence to bring in
foreign trainees as well. The duration of stay
for trainees was one year.

South Korea 1993 Industrial Increase Volume This program was an extended application of

Trainee ITTP. The duration of stay for trainees was ex-

System (ITS) tended to two years. ITS specifically targeted
small and medium enterprises in the manu-
facturing sector that was experiencing labor
shortage. The quota for industrial trainee was
set at 20,000.

South Korea 1994 ITS Increase Volume The quota for industrial trainee was increased
to 30,000

South Korea 1995 A Measure Increase Rights Foreign trainees should be paid directly from
Pertaining the employers and at least the minimum wage
to the Pro- set by the government. Trainees no longer
tection and need to surrender their passports to employers
Control of or to any other party.

Foreign  In-
dustrial and
Technical
Trainees
South Korea 1996 ITS Increase Volume The quota for industrial trainee was increased

to 80,000

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description

South Korea 1998 Working Af- Extend Duration, In-  Foreign trainees who passed certain skill tests
ter Training crease Rights after a two-year training period were allowed
Program for to work in Korea for another year under
Foreigners visa category of ""working after training (E-

8)"". Workers after training were entitled to
the same rights enjoyed by their Korean col-
leagues.

South Korea 1999 Act on Immi- Increase Volume, In- The act allowed overseas Korean to stay and
gration and crease Rights work in Korea without restrictions upon re-
Legal Status ceiving an Overseas Korean (F-4) visa. The
of  Overseas act grants the same economic and social rights
Koreans (The held by Korean citizens to overseas Korean.
Overseas
Korean Act)

South Korea 2002 ITS Increase Volume The quota for industrial trainee was increased

to 85,500

South Korea 2004 Employment Increase Volume This program allows employers to hire foreign
Permit Sys- workers in the labor shortage industries such
tem as agriculture & stockbreeding, fishery, con-

struction and manufacturing with less than
300 regular workers. Foreign workers are
granted ‘Nonprofessional Employment’ (E-9)
visas.

South Korea 2007 Working Increase Volume, Ex-  This program grants ethnic Koreans who hold
Visit Pro- tend Duration foreign citizenship, mainly from China and So-
gram viet Unions a working visit (H-2) visa. Visa

holders can freely enter and exit Korea for five
years and get employed in any company in Ko-
rea for three years.

South Korea 2009 Contact Ko- Increase Volume; In-  Contact Korea is the government organization
rea crease Rights representing the Republic of Korea that is ex-

clusively charged with the attraction of global
talented professionals. Contact Korea includes
an online platform for global talents to apply
for jobs in both private and public sectors in
Korea. The platform serves as a one-stop shop
by providing services such as arranging on-
line interviews, verfiying academic and profes-
sional background and dealing with visa and

immigration issues.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description

South Korea 2010 HuNet Korea Increase Volume, In- A new online visa application system (HuNet
Immigration crease Rights Korea) would be implemented to include visa
Network and application and job bank for foreign pro-
Policy fessionals.  Re-entry procedure for foreign

spouses and students was simplified. A point
system would be implemented for profession-
als who wish to obtain resident or permanent
resident status in Korea. Foreigners could also
obtain residency by investing in real estate in
designated local areas, for example in Jeju-si.
Number of sites for naturalization interview
tests were increased to make it more conve-
nient for immigrants.

Spain 1996 Royal Decree Increase Rights This amendment stated that foreigners with
155/1996 - legal status have the rights to access education
approving and other resources. Foreigners could obtain
the imple- permanent residency after 6 years or 5 years if
mentation of they have permanent job permit.
regulations of
Organic Law
7/1985

Spain 2003 Organic Law Increase Rights, In- This amendment increased rights to the fam-
14/2003 - crease Volume ily of legal foreigners, such as spouse could ob-
amendment tain his/her own residence permit when given
to Organic work permit and children could obtain their
Law 8/2000 own permit upon reaching adulthood. Each

year government would review annual foreign
worker quota.

Spain 2009 Organic Law Increase Rights This amendment added article 2b which fo-

2/2009 -
amendment

to the Or-
ganic Law

4/2000

cused on integration of immigrants. Article
6 stated that foreign residents have rights to
vote in municipal elections. Article 12 stated
that foreigners have access to healthcare un-
der the same condition as citizens. Article 38s
stated that highly qualified residence would be

able to obtain residence permit and EU blue

card.

Continue on next page
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Table C10 — continued from previous page

Country Year Title Impacts Brief Description

Taiwan 1992 Employment Decrease Volume, De- The act was the first law in Taiwan to legalize
Service Act crease Rights hiring of certain foreign workers, strengthen

the legal rights of employees, and impose sanc-
tions on employers who hired illegal foreign
laborers. Employment for foreign workers was
limited to a maximum of two-year term and
blue-collar foreign workers are prohibited to
marry Taiwanese during employment.

Taiwan 2014 Amendments Extend Duration, In-  Adult children of foreign residents who grew
to the Reg- crease Rights up in Taiwan are able to apply for two three-
ulations year extensions of residency if they meet cer-
Governing tain requirements. Foreign professionals who
Visiting, Res- have completed their previous work assign-
idency, and ments have up to six months of extended res-
Permanent idency to seek new employment in Taiwan.
Residency of Foreign students who graduated from Taiwan
Aliens universities also have a six-month extension of

residency. They qualify for employment with-
out needing the two years of work experience
as previously required.

Taiwan 2015 Global  Re- Increase Volume A Recruitment Policy Committee was estab-
cruiting lished under the Executive Yuan that included
Platform representatives from ministries such as Eco-

nomic Affairs, Education, Labour, Health and
Welfare and National Immigration Agency.
The platform aims to attract highly-skilled
professionals from overseas to live and work
in Taiwan.

UK 1996 Asylum and Decrease rights The act made it a criminal offence to employ
Immigration anyone unless they had permission to live and
Act work in the UK.

UK 2006 Immigration, Decrease Rights; In- A five-tier points system for awarding entry

Asylum and
Nationality
Act

crease Rights

visas was created. Those refused work or
study visas had their rights of appeal limited.
The act brought in on-the-spot fines of £2,000,
payable by employers for each illegal employee,
which could include parents taking on nannies

without visas.

Continue on next page
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Table C10 — continued from previous page

Country

Year

Title Impacts

Brief Description

United States

United States

United States

United States

United States

United States

1990

1998

2000

2004

2009

2015

Immigration Act Increase volume

American Increase volume
Competi-
tiveness and
Workforce
Improve-
ment Act
(ACWIA)
American Increase volume
Competitive-

ness in the

21st Century

Act of 2000

H-1B Visa Reform Act of 2004 Decrease volume

Employ American Workers Act  Decrease volume

Rule about Increase rights
work autho-
rization  for

certain H-4

holders

Increased legal immigration ceilings. Created
a diversity admissions category. Tripled the
number of visas for priority workers and pro-
fessionals with U.S. job offers.

increased this annual cap of H1B visas from
65000 to 115,000 for Fiscal Year 1999 and
2000; and 107,500 in Fiscal Year 2001. The
cap returned to 65,000 starting with Fiscal
Year 2002.

The quota was increased to 195,000 H-1B visas
in fiscal years 2001, 2002, and 2003 only. Non-
profit research institutions sponsoring workers
for H-1B visas became exempt from the H-1B
visa quotas.

Reduction in the H-1B cap from 195,000 to
65,000 visas, but declaring exemptions for the
first 20,000 applicants each year with gradu-
ate degrees. Additional restrictions and regu-
lations for L-1 Visas (intra-company short vis-
its).

For employers who applied to sponsor a new
H-1B and who had received funds under either
the Troubled Asset Relief Program (TARP) or
the Federal Reserve Act Section 13, the em-
ployers were required to attest that the ad-
ditional H-1B worker would not displace any
U.S. workers.

Allows certain spouses of H-1B workers to be

eligible for work authorization.
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Table C9: Criteria for the selection of the final sample

Share
. . N. Reason of difference with
Country code OECD migrants Patents N. GCPs subsidiaries BFF BCSS BFF
(always)
US 1 5,2% 129214 14668 23158 0 1 More than 2000 subsid, more
than 1% GMIs
JP 1 2,4% 44937 1420 2628 1 1
KR 1 3,4% 17855 738 1337 1 1
DE 1 1,5% 15772 3613 3222 0 1 More than 2000 subsid, more
than 1% GMIs
GB 1 1,0% 7183 2650 2226 0 1 More than 2000 subsid, more
than 1% GMIs
CA 1 1,4% 7033 2384 2408 0 1 More than 2000 subsid, more
than 1% GMIs
FR 1 0,6% 6607 1790 1712 0 0
1L 1 0,7% 3454 878 999 0 0
CH 1 0,9% 2989 1378 925 0 0
IT 1 0,2% 2925 709 1175 0 0
NL 1 0,5% 2814 927 795 0 0
SE 1 0,6% 2759 764 689 0 0
AU 1 0,5% 1623 552 761 0 0
AT 1 0,5% 1499 565 463 0 0
BE 1 0,3% 1481 749 491 0 0
FI 1 0,3% 1382 313 344 0 0
DK 1 0,3% 1159 334 378 0 0
ES 1 0,2% 929 337 474 1 1
1E 1 0,5% 689 403 219 0 0
NO 1 0,2% 587 186 262 0 0
NZ 1 0,3% 299 108 167 0 0
CZ 1 0,1% 296 151 113 0 0
MX 1 0,0% 284 136 143 1 1
PL 1 0,1% 273 130 145 0 0
HU 1 0,1% 185 99 75 0 0
TR 1 0,1% 154 68 94 0 0
GR 1 0,0% 100 49 57 0 0
LU 1 0,5% 98 r 34 0 0
PT 1 0,1% 87 38 67 1 1
CL 1 0,3% 50 17 41 1 1
ST 1 0,3% 45 14 32 0 0
SK 1 0,0% 42 29 30 0 0
EE 1 0,1% 37 19 21 0 0
CcO 1 0,1% 36 14 27 1 0 Less than 100 subsid and less
than 0.2% GMIs
TU 1 0 0 0 0 1 0 Less than 100 subsid and less
than 0.2% GMIs
VE 1 0 0 0 0 1 0 Less than 100 subsid and less
than 0.2% GMIs
CN 0 3.8% 12163 2686 2488 1 1
T™W 0 2,0% 10526 1164 1771 1 1
IN 0 0,8% 4232 2009 721 1 1
SG 0 0,5% 1131 512 286 0 0
HK 0 0,8% 561 209 255 0 0
RU 0 0,1% 537 263 216 0 0
BR 0 0,1% 413 194 196 1 1
SA 0 0,7% 372 94 36 0 0
MY 0 0,2% 314 151 105 0 0
ZA 0 0,3% 171 68 87 0 0
TH 0 0,1% 124 64 68 1 0 Less than 100 subsid and less
than 0.2% GMIs
RO 0 0,1% 108 62 43 0 0
AR 0 0,1% 90 56 56 1 0 Less than 100 subsid and less
than 0.2% GMIs
PH 0 0,2% 73 44 36 1 1
UA 0 0,1% 72 42 38 0 0
AE 0 0,2% 68 37 37 0 0
EG 0 0,0% 50 33 26 0 0
BG 0 0,1% 45 23 24 0 0

Sample of countries with at least 20 subsidiaries patenting on average between 2010 and 2015. BFF indicates the list of ,
while BCSS indicates our list. OECD indicates whether the country is a member of the OECD.
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C.2 Construction of a Database of Migration Reforms

Collecting Reforms

In constructing a sample of reforms, our starting point was the work of Branstetter, Fisman and
Foley (2006), who indexed global intellectual property reforms. The countries indexed in the
final dataset are: Brazil, Canada, Chile, China, Germany, India, Japan, Mexico, the Philippines,
Portugal, South Korea, Spain, Taiwan, the United Kingdom, and the United States. We selected
countries based on the presence of: (a) historical enactment of intellectual property legislation
supportive of patenting; (b) multinational activity; and (c) significant migration flows. Ten of
these countries coincide with the sample analyzed in Branstetter, Fisman and Foley (2006), who
studied the impact of systematic reforms designed to strengthen and standardize intellectual
property on MNEs’ resulting foreign direct investments from 1982 to 1999. Relative to that
study, we expanded the sample to five additional countries with the aim of including countries
that are the source and destination of significant migration flows. For instance, Canada and the
United Kingdom were in the top four most frequent destinations of OECD migration in 2010,
while India, the Philippines, and the United Kingdom experienced the most net emigration in
2010 (Kerr et al., 2016). Additionally, several of the countries in the list are representative of high

levels of net inventor immigration.

After identifying a list of countries, we turned to collecting reforms. During the period of 2017
through summer 2020, teams of research assistants and the authors identified migration policy
reform events impacting high-skilled human capital migration of two types into a focal country:
(a) return migrants and (b) foreign immigrants. Alongside identification, the team collected
corresponding primary and secondary sources related to reforms. Collection occurred in three
waves—the first in 2017, the second in Winter 2018 to Summer 2019, and the third in Summer
2020. The latter two focused on ensuring a complete collection of reforms enacted in the period
of 1990 to 2016. When we identified additional reforms outside this period, we included them in

the dataset. As a result, the database of reforms is primarily useful for analyses on the post-1990s
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Table C11: Example Keyword Terms Leveraged in Search

Wikipedia Google: HS HC Google: Catch-All
1. Migration in <Country> 1. Entrepreneurship Immigration <Country> 1. Move to <Country>
2. History of Migration in <Country> 2. Start a Business as an Immigrant <Country> 2. Immigrate to <Country>
3. Migration Policy <Country> 3. STEM Incentives <Country> 3. Immigration to <Country> <Nationality> Heritage
4. <Nationality> Citizenship 4. High Skill Migration <Country> 4. Migration Policy <Country>
5. Citizenship in <Country> 5. Refugee Immigration <Country> 5. History of Migration <Country>

era and is less reliable for reforms and initiatives prior to this point.

Starting from the second wave, we began collecting reforms following a standardized heuristic with
emphasis on ensuring completeness in the dataset. First, we conducted a search to collect any pri-
mary or secondary news sources related to the countries under review from websites that focused
on information related to migration policies and programs of countries, including websites focused
on assisting immigration and websites focused on navigating migratory legislative policies of coun-
tries. Example websites include: LegislateOnline, (http://www.legislationline.org/); the
Library of Congress, (https://www.loc.gov/law/help/migration-citizenship/); and that of
the think tank Migration Policy (http://www.migrationpolicy.org). Website-based searches
would also turn to legal codes of countries published online by their central governments; we
searched explicitly for links and connections to the codified migration laws of a country (e.g.,
legal codes of all European Union countries are indexed on EU websites). After website searches,
we searched academic repositories for articles with comprehensive explanation of migration policy
reforms and initiatives. Finally, these searches were followed by a series of keyword-based searches
implemented in the Wikipedia online encyclopedia (https://www.wikipedia.org/) and Google’s
web search engine focused on identifying articles, information, and primary sources related to mi-
gration policy reforms, migration policy initiatives, and high-skilled human capital immigration
into and out of a country. Iteration between approaches occurred as necessary (for example,
if Wikipedia revealed several individual laws or programs to search for, the researcher would
spend time looking for primary sources for those laws or programs in legal code and government

websites). Table C11 provides a list of example searches utilized in the search process.
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Categorizing Reforms

To characterize the anticipated impacts of reforms, the authors qualitatively assessed each reform
and its associated primary and secondary sources. Based on this analysis, reforms were coded ac-
cording to whether the anticipated effects were positive (easing movement) or negative (restricting
movement) based on how the reforms impacted legal migration frameworks of countries. Specif-
ically, reforms were classified as positive or negative according to anticipated impact along three
dimensions: (a) the rights of a migrant (either foreigners or returnees); (b) the expected volume
of migrants post reform; and/or (c) the duration of stay or required time to achieve residency
status criteria associated with admission to a country. Reforms identified as generating increases
(alt. decreases) along any of these dimensions were then codified as having a positive (alt. nega-
tive) effect. While rare, some reform packages simultaneously enacted provisions exhibiting both
positive and negative effects. For such reform events, we treated the event as an instance of both
a positive reform and a negative reform. For example, in 2006, the U.K. enacted administrative
regulations that increased the number of visas awarded, which increased work rights for migrants
with accepted visas, but also decreased rights for those who encountered visa refusals (limitation
of rights to appeal). As a result, this reform is coded both as a positive and negative reform event

for the United Kingdom in 2006.

Table C12 considers the subsample of all reforms affecting workers” migration and presents how
each of them is classified across the three main dimensions considered in the heterogeneity analysis:
i) Volume versus rights, which determines whether the reform operates through a change in quotas
or a change in the rights granted to migrants in the host country. ii) Major versus minor, which
evaluates the importance of the change in determining migration flows. iii) Permanent versus
temporary, which distinguishes between legal changes affecting stays of more or less than one year.
Here we include only the reforms taking place during the years 1990 to 2016, which correspond
to the period analyzed in this paper. Most countries in our sample have at least three reforms
within the 26 years, while some countries (such as China, Japan, and South Korea) have five

or more. A large majority of reforms—85% —target foreigners, while only 15% explicitly target
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Table C12: Classification of reforms

Country ~ Year Type Volume Rights Major Minor Permanent Temporary
BR 2014 positive 1 1 0 1 0 1
CA 2002 negative 0 1 1 0 1 0
CL 2005 positive 0 1 0 1 1 0
CN 1994 positive 1 0 0 1 1 0
CN 1996 negative 0 1 1 0 1 0
CN 2004 positive 1 0 0 1 1 0
CN 2008 positive 1 0 1 0 1 0
CN 2013 positive 1 0 0 1 1 0
DE 2000 positive 1 0 0 1 0 1
DE 2005 positive 1 1 1 0 1 0
DE 2012 positive 1 0 0 1 1 0
DE 2016 positive 0 1 0 1 1 0
ES 1996 positive 0 1 1 0 1 0
ES 2003 positive 1 1 1 0 1 0
ES 2009 positive 0 1 0 1 1 0
GB 1996 negative 0 1 0 1 1 0
GB 2006 positive, negative 0 1 1 0 1 0
IN 2005 positive 1 0 0 1 1 0
IN 2016 positive 1 0 0 1 0 1
JP 1992 positive 1 0 0 1 1 0
JP 1993 positive 1 0 1 0 1 0
JP 2010 positive 0 1 1 0 1 0
JP 2012 positive 1 0 1 0 1 0
JP 2014 positive 1 0 0 1 1 0
JP 2015 positive 1 0 1 0 0 1
KR 1991 positive 1 0 0 1 0 1
KR 1992 positive 1 0 0 1 0 1
KR 1993 positive 1 0 1 0 0 1
KR 1994 positive 1 0 1 0 0 1
KR 1995 positive 0 1 0 1 1 0
KR 1996 positive 1 0 1 0 0 1
KR 1998 positive 1 1 0 1 1 0
KR 1999 positive 1 1 1 0 0 1
KR 2002 positive 1 0 0 1 0 1
KR 2004 positive 1 0 0 1 0 1
KR 2007 positive 1 0 1 0 0 1
KR 2009 positive 1 1 1 0 1 0
KR 2010 positive 1 1 1 0 1 0
MX 2010 positive 0 1 0 1 1 0
MX 2011 positive 0 1 1 0 1 0
MX 2012 negative 0 1 1 0 0 1
MX 2014 positive 1 0 0 1 1 0
PH 1996 positive 1 0 1 0 1 0
PH 2002 positive 1 1 1 0 0 1
PH 2009 negative 1 0 1 0 1 0
PH 2012 negative 1 0 0 1 1 0
PH 2013 positive 1 0 0 1 0 1
PH 2015 negative 1 0 0 1 1 0
PT 2001 positive 1 0 1 0 1 0
PT 2003 negative 1 0 1 0 1 0
PT 2012 positive 1 0 0 1 0 1

T™W 1992 negative 1 1 0 1 0 1
™ 2014 positive 1 1 1 0 1 0
™ 2015 positive 1 0 1 0 1 0
US 1990 positive 1 0 0 1 1 0
Us 1998 positive 1 0 1 0 1 0
US 2000 positive 1 0 1 0 1 0
US 2004 negative 1 0 1 0 1 0
US 2009 negative 1 0 0 1 1 0
Us 2015 positive 0 1 0 1 1 0
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returnee migrants. Reforms during the period leaned toward positive interventions, anticipated
to increase migration, with 48 identified instances of anticipated positive effects, one identified
instance where the outcome is ambiguous because the new legislation includes both positive and
negative aspects, and only 12 with anticipated negative effects. In our complete dataset, we also
collected reforms affecting student migrants or entrepreneurs. More details are available upon

request.
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D Estimation of Treatment Effects Give Frequently Re-

peated and Clustered Events

D.1 A Generalized Estimator

In a classical difference-in-differences or event-based approach, the key term of interest is an
indicator variable or series of relative event-time indicators that take the value 1 in the periods
of and subsequent to treatment. The coefficient on this key term estimates the mean difference
in the response in the period(s) surrounding treatment with emphasis on those subsequent to
treatment.*’ This model is inflexible in the case of repeated treatment, and standard practice is
to discard observations where repeated treatment occurs. This is not feasible in all situations,
however, including those where treatment events are clustered at the level of the group among
observations with few group categories or where treatment events are clustered in time, as in our

data.

To accommodate our setting, we relax the requirement that the time periods examined in the
difference-in-differences estimator include only the singular enactment of an event; we treat the
difference-in-differences estimator key term as a non-negative count of events enacted that can
vary over time. Generalizing from the regressions in our analyses, we allow variations on models

of the general form:

Yie=f(vi+7+ B ri; €n),

where Y;; represents the response variable in time t for observation group i, v indexes time and

group fixed effects, and r; is the count of treatment events implemented to date for group ¢ in

10Borusyak and Jaravel (2017) present canonical equations that outline the generalized event-based estimator
and relate difference-in-differences specifications to event-study specifications by demonstrating that the estimator
is a specific case of a more general event-study specification with dynamic treatment effects. Goodman-Bacon
(2021) examines the case of difference-in-differences estimation conditional on variation in treatment timing. This
author shows that the treatment effect estimated is a weighted average of the treatment effect of the component
difference-in-differences estimates and proposes a test for the validity of such estimators.
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1 This model is equivalent to classical difference-in-

time ¢, and €;; is the standard error term.
differences or event-based approaches that include fixed effects that subsume the independent

effects of time and treatment.

In this model, the key coefficient of interest is 3, and it is interpreted as the average post-period
increase in the response conditional on an additional event. For simplicity, the measurement r;
assigns equal weight to each consecutive reform of the same type and, as a result, imposes the
restriction that the average treatment effects of a given reform event type must be equivalent

across reform events.

A generalized version of this measure might estimate treatment effects independently, including
linearly additive indicators for each level of consecutive treatment such that r; = Z}’ ZtT::Ot L(event; ),
where j indexes the various levels of treatment and where coefficients are estimated for each level
of 7. To economize on statistical power and maintain simplicity, we impose the restriction of

equivalence in effect across treatment levels in our analyses.

Causal inference given this estimator requires additional assumptions. The literature on causal in-
ference in the presence of repeat events (e.g., Blackwell (2013)) suggests two. First, it is necessary
to assume that treatment events are linearly additive in their effects and exhibit independence,
such that there is no interaction across treatment levels. Second, it also must be assumed that
treatment is orthogonal to the consequences of the treated unit’s prior treatment history—i.e., fu-
ture treatment and impacts on the response are not significantly determined by the prior sequence

of past treatment.

D.2 Simulation of Estimator Measurement Error

To evaluate whether this estimator accurately measures the corresponding causal treatment effect,
we conducted computational simulations in which data based on parameters in our setting were

simulated, and the model fit repeatedly across several simulations. Specifically, for each simu-

4Tn other words, ry = ijf T(event;;).
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lation s, data were generated from the following process involving "Reform Events' across eight
years (y) affecting 15 "Countries" (¢) and 10 "Firms’ (f) present within those countries (where
other parameters were chosen to approximate sample means in the actual data observed where

possible®?):

1. Simulate Country Treatment Pathways: A treatment event pathway was assigned for
each simulated country with random variation in the frequency of treatment events within
a given country that was defined by random variation in the probability of treatment event

occurrence across countries. This occurred in two steps:

(a) Assign Random Country-Level Probability of Per-Year Treatment From

Uniform Distribution: p.s ~ 4(0,0.4)

(b) Determine Treatment Pathway From Binomial Distribution: 7., ~ B(p.s)
2. Simulate One-Way Fixed Effects:

(a) Simulate Assignee Fixed Effects: v;s ~ N (= 10,0 = 3)
(b) Simulate Year Fixed Effects: v,; ~ N(u=0,0 = 3)

(c) Simulate Country Fixed Effects: v, ~ N (= 0,0 = 3)
3. Simulate Two-Way Fixed Effects:

(a) Simulate Assignee-Year Fixed Effects: vpys ~ N (= 0,0 = 3)
(b) Simulate Country-Year Fixed Effects: .5 ~ N(u=0,0 = 3)
(c) Simulate Subsidiary (Assignee-Country) Fixed Effects: y.s ~ N(u = 0,0 = 3)

4. Simulate Random Noise: €5 ~ N (= 0,0 =1)

5. Simulate Treatment Effect w/Random Variance Across the Year-Firm-Country

Level: Dyeys ~ N(u=3,0=1)

42While fixed effects are estimates from a consistent normal distribution, the results prove robust to estimating
fixed effects based on by-variable mean and standard deviation point estimates from a regression on the data that
includes only fixed-effect terms.
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6. Compute Linearly Additive Response Based on Differing Treatment Modes:

(a) Treatment Affects Rate: Yrops = Vs + Yes + Vs + Vees + Viys + Yeys + Sty (Toys) X
chys + €fcys

(b) Treatment Affects Level: Yfeps = Vfs +7cs+7ys +’7fcs+7fys +7cys+Tcys X chys+€fcys

For each of the 5,000 simulations, we then fit the following regressions:

Yfeps =Vis T Ves T Vys T BTeys + €feys Cumulative Estimator

Yfeps =Vfs T Ves T Vys + ﬁTcys + €feys, Panel Estimator

where the first equation corresponds to estimating the treatment effect on the cumulative count
of events and the second equation corresponds to a panel estimator where the variable of interest
takes the value 1 in periods where the event occurs and 0 otherwise. For the resulting key coeffi-
cient of interest (/3), we calculated the variance of the resulting estimates and their mean squared
error defined as the mean of the square of the differences between the estimate and the actual

treatment effect (MSE = —=>>(3 — 3)?).

Table D13: Efficiency of Estimator

Model  Estimator — u(f) Var.(5) MSE TT@Z{ g)’? ect TT;‘;%S?}M
Rate Cumulative 3.006  0.349  0.349 0.116 0.116
Rate Panel 1.475  0.794  3.120 1.040 0.265
Level Cumulative 0.783  0.406  5.319 1.773 0.135
Level Panel 2984 0.688  0.688 0.229 0.229

Notes: This table provides the results from simulations designed to evaluate the efficiency of the "cu-

mulative events" estimator.

Table D13 displays the resulting estimates. It is readily apparent that the panel estimator is
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best suited for contexts where treatment produces a single-period shock to the response; and
in such cases, it estimates closely the real average treatment effect. However, in the case of
repeated events, the cumulative estimator most closely reflects the real average treatment effect.
Additionally, when applied to the outcome derived from a model in which treatment influences
the rate of the response, the cumulative estimator yields the lowest variance in the estimates as
well as the lowest mean squared error across all specifications. Overall, we interpret this as strong

evidence for the statistical validity of the cumulative estimator.
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