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Abstract

I model and quantify the impact of a new dimension of globalization: offshore R&D. In
the model, firms work with researchers to develop new product blueprints and then engage
in offshore production and exporting. Cross-country differences in the distributions of firm
knowhow and worker ability generate a ‘talent-acquisition” motive for offshore R&D, while
frictions impeding trade and separation of production from R&D lead to a ‘market-access’
motive. I discipline the model using empirical facts documented from a new firm-level dataset.
Counterfactual experiments show that the two motives can account for a significant part of the
observed offshore R&D. Incorporating offshore R&D amplifies the gains from globalization by
a factor of 1.3 and generates new implications on the impacts of traditional forms of global
integration, namely trade and offshore production.
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1 Introduction

Consider the creation and commercialization of a new product. Engineers develop prototypes.
Firms, with their knowhow—insights into consumer behavior, experience with production pro-
cesses, and brand recognition—oversee prototype development and carry out marketing and
manufacturing production. Both the talent of engineers and the knowhow of firms are vital for this
process, but globally, these two factors are distributed unevenly. While emerging countries such as
China, India, and Eastern Europe have some of the biggest pools of engineers and researchers (Na-
tional Science Board, 2018), the vast majority of the world’s best-run firms and most-recognized
brands are from industrialized countries.'

Firms can go global—by carrying out R&D overseas—to overcome this spatial mismatch and
scale up the return to their knowhow. Given that firms engaging in multinational activities are
often the largest ones accounting for a substantial share of global commerce,? it is perhaps unsur-
prising that R&D at the overseas affiliates of these firms is quantitatively significant. As Figure
1 shows, in many host countries, R&D carried out by foreign firms has increased over the past
decades and now amounts to a substantial share of domestic R&D.

The sizable offshore R&D has implications beyond the bottom line of individual firms. By
determining the location and efficiency of R&D, it directly affects product prices and availabil-
ity. In a global economy where inventions in one place are being produced in, and exported to,
multiple countries, it further influences the impacts of trade and offshore production policies. Yet
despite its potential importance, the prior quantitative studies on globalization, reviewed below,
have focused on trade and multinational production, and overlooked offshore R&D. The goal of
this paper is to model offshore R&D and quantify its global impacts—both its direct effect on the
welfare of countries and its interaction with trade and offshore production.

A hurdle to this goal is, being an integral part of a firm’s global expansion strategy, offshore
R&D is determined jointly with production. A model of offshore R&D is thus necessarily a model
of multinational production. As production depends in part on the market access of countries,
the model should embrace that geography is as important a determinant of offshore R&D as the
endowment of talent and knowhow. To build and discipline such a model for global-scale anal-
ysis in turn calls for data on R&D and production of multinational corporations (MNCs) from a
broad set of geographic regions. However, although new firm-level datasets have made it possi-
ble to measure production of MNCs from many countries (see, e.g., Alviarez, 2019; Cravino and
Levchenko, 2017), systematic data on R&D are not readily available.

The first contribution of this paper is to assemble such a dataset and study empirically the joint

INinety out of the world’s hundred most valuable brands are from the G7 countries (Swant, 2019), a group account-
ing for only a third of world GDP. Data on management practices show well-managed firms are also concentrated in
developed countries (Bloom et al., 2012). One possible explanation for the abundance of knowhow in the early industri-
alized countries is that knowhow is acquired through learning by doing. Once acquired, however, it becomes valuable
assets for firms. A quote from Lewis Platt, a former HP executive, underscores both the value of knowhow and its slow
accumulation: ‘If HP knew what HP knows, we would be three times as profitable.’

2Multinational firms account for about a third of global production and half of global export (OECD, 2018). Their
role is even more prominent in R&D. In the U.S., for example, about 90% of business R&D are carried out by either the
affiliate of foreign firms or headquarters of American MNCs (National Science Board, 2018).



Figure 1: The Level and Growth of Offshore R&D, 1985-2012
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production and R&D decisions of MNCs. Production data and the ownership network connecting
affiliates to their parents are from Orbis. I construct R&D data from PATSTAT Global, a database
of administrative patent records from over 90 patent offices. The address of inventors provided
in patent applications identifies where the invention underlying each patent is made. I match
owners of patents to firms in Orbis and then measure the invention of an MNC in a host using the
number of its patents invented there. Further refined using the information on firm ownership
network and patent families, my measure is robust to where an MNC patents an invention (e.g.,
the USPTO, the EPO, or both) and which of its affiliates is listed as the patent owner. It is strongly
correlated with bilateral offshore R&D measured using expenditures but has the advantage of
being widely available as a firm-level panel for many countries.

I document three facts. First, the invention intensity of an affiliate, measured as the ratio be-
tween the number of patented inventions and sales, is higher in host countries with better human
capital, and increases as host human capital improves over time. This is consistent with a ‘talent-
acquisition” motive arising from the relative abundance of a host in talented workers. Second,
invention and production within a firm tend to colocate in both cross section and over time. Such
colocation hints at frictions impeding the separation of R&D from production. Coupled with trade
costs, these frictions incentivize firms to conduct R&D in countries where goods can be produced
and shipped to major destinations cheaply—a ‘market-access” motive. Third, invention and pro-
duction of overseas affiliates both decrease in distance to the headquarters. This highlights the
second role of geography: limiting firms” ability to mobilize their knowhow to overseas affiliates.

These facts should be respected by any quantitative models of multinational R&D and pro-
duction. The second contribution of this paper is to develop and quantify the first such model
to interpret the data and conduct experiments. I find that, first, offshore R&D generates signifi-
cant but unevenly distributed gains. It benefits especially developed countries, for which it is a
complement to trade and offshore production; for developing countries, it is a substitute. Second,
because of the interaction between R&D, production, and trade—both within firms and through

the general equilibrium—incorporating offshore R&D is important for assessing the impacts of



trade and offshore production policies.

In my model, firms differ along two aspects of knowhow: innovation management efficiency—
which governs their efficiency in working with researchers in R&D—and production management
efficiency, which governs their manufacturing productivity. Firms can enter foreign hosts to per-
form R&D, a process that converts inputs of local researchers into new differentiated varieties.
Workers differ in ability and choose to be a researcher or a manufacturing worker. I embed this
offshore R&D decision into a multi-country general equilibrium model of global production and
trade (Arkolakis, Ramondo, Rodriguez-Clare and Yeaple, 2018). After a product is developed by
an R&D center, whether onshore or offshore, the firm chooses which countries to sell it to and for
each destination, where production should take place. Thus, in an organization typical of modern
MNCs, an American company can develop a new product in Germany, produce it in China, and
then export to India. Motivated by the empirical patterns, I incorporate geographic frictions in
separating production from R&D, and in separating both from the headquarters.

I calibrate the model to data from 37 major countries. Two crucial aspects of the model are the
distributions of worker ability and firm knowhow, and geographic frictions. I parameterize each
country’s distribution of firm knowhow using the World Management Survey built by Bloom,
Genakos, Sadun and Van Reenen (2012) and its talent distribution using a cognitive test score
database developed by Hanushek and Woessmann (2012). This pins down the “talent-acquisition’
motive. To discipline the ‘market-access” motive, I disentangle various types of geographic fric-
tions using an indirect inference strategy. Specifically, I parameterize the cost of doing offshore
R&D as a function of the distance between a host and the headquarters. I further capture parsimo-
niously the colocation and headquarter effects for production by specifying the cost of producing
a variety in a host to be a weighted function of that host’s proximity to the headquarters and its
proximity to where the variety is invented. The weight and distance elasticities are then pinned
down by matching the coefficients from the reduced-form regressions.

The model matches the data closely along dimensions not directly targeted. In further support
of the model, I show through counterfactual experiments that the measured endowment distribu-
tions and geography are both first order determinants of offshore R&D. For example, improving
the talent distribution of Brazil (worst among sample countries) to the world average increases
the foreign share of R&D in Brazil by half; decreasing the management efficiency of the U.S. to the
world average increases the foreign share of R&D in the U.S. by two thirds. Market access plays
large but heterogeneous roles: for a typical country, being shut off the access to foreign consumers
through exporting and to foreign producers through offshore production simultaneously results
in a decline in inward offshore R&D by around half.

I use the model for two purposes. First, I use it as a device to measure how offshore R&D
is connected to firms’ global production and its contribution to national income. My calibration
interprets the reduced-form patterns as that proximity to R&D centers is more important for pro-
duction than proximity to the headquarters. As a result, the model infers that on average 70% of
R&D in overseas affiliates is for local production, with the remaining conducted for production

in surrounding countries and at the headquarters. This share is higher in hosts with a low pro-



duction cost, consistent with the market-access motive. The model also highlights offshore R&D
as a significant source of profit for countries with the best knowhow. For example, for the U.S,,
the profit accruing to products developed in its overseas R&D centers accounts for about a third
of the total profit, or 7% of its national income. In contrast, for developing countries with poor
knowhow endowments, both shares are close to zero.

Not measurable in typical datasets, these inferred patterns have broad policy implications.
For example, governments around the world have granted generous R&D credits to attract for-
eign firms. The close connection between R&D and affiliate production means that in addition
to R&D, these firms will likely also bring in their production, especially when the host has a
low manufacturing cost; conversely, the growth in the relocation of manufacturing to developing
countries might have an influence on foreign R&D in these countries. The significance of profit
from overseas R&D is relevant for valuing the intangible wealth of nations.

The second use of the model is to examine the normative implications of offshore R&D. An-
alytically and quantitatively, I show that the option to conduct R&D abroad generates sizable
gains. The average welfare gains from this channel, defined analogously to the gains from trade,
are around 3.3%. Compared to a restricted model with only trade and offshore production, incor-
porating offshore R&D amplifies the gains from openness by a factor of 1.3. This amplification is
substantially larger for developed countries, primarily because a higher fraction of their income
is generated through offshore R&D. Existing quantitative work on globalization overlooking this
channel thus not only underestimates the overall gains from openness, but also biases the com-
parison of the gains across countries.

The weights in the specification for offshore production cost of proximity to headquarters and
proximity to R&D centers are critical for the inferred gains. My estimate suggests that proximity
to R&D center weights more; if I had assumed that only proximity to the headquarters matters, I
would have found much larger gains from R&D and openness, especially for emerging countries.
This shows the value of disciplining the model using micro data.

I conclude the experiments by highlighting two important interactions between offshore R&D
and two traditional forms of globalization, trade and offshore production. The first interaction
is through a general equilibrium effect. In the model, trade and offshore production together en-
able countries to specialize in innovation or production according to their comparative advantage.
By increasing effective R&D capacity everywhere, offshore R&D strengthens the comparative ad-
vantage of countries specializing in innovation and weakens the comparative advantage of those
specializing in production. For this reason, it is a complement to trade and offshore production
for developed countries and a substitute for developing countries.

The second interaction is through the within-firm linkage between R&D and production. Be-
cause for many firms, the varieties they develop abroad constitute an important source of profit,
policies that change the profitability of these varieties can have a large impact on the firm. For this
reason, liberalization in offshore production between two countries can ultimately benefits a third
country that owns R&D centers there. Similarly, R&D subsidies in a host can have a global influ-

ence because foreign owners of R&D centers there also benefit. I show that such indirect effects



are large for countries with a strong presence in overseas R&D, such as the U.S. These results are
relevant for evaluating multilateral investment agreements, especially since many of them cover
Ré&D-related aspects, such as requirements on protection of foreign intellectual property rights.

This paper contributes to a growing stand of literature on the impacts of MNCs (c.f., McGrattan
and Prescott, 2009; Burstein and Monge-Naranjo, 2009; Garetto, 2013; Ramondo and Rodriguez-
Clare, 2013; Arkolakis, Ramondo, Rodriguez-Clare and Yeaple, 2018; Tintelnot, 2016; Alviarez,
2019). Within this literature, the most closely related papers are Arkolakis, Ramondo, Rodriguez-
Clare and Yeaple (2018), which studies how trade and offshore production affect country special-
ization and welfare, and Tintelnot (2016), which estimates a model of multinational production
using firm-level data for general equilibrium counterfactuals. Different from these studies, the
present paper focuses on offshore R&D, a prevalent but underexplored activity. I show that off-
shore R&D is important for both the gains from openness and the effects of trade and offshore
production policies. Also related is Bilir and Morales (2020), which examines the impact of R&D
within American MNCs using a production function estimation approach. The present paper
instead models firms” R&D and production choices explicitly in a general equilibrium setting,
thereby speaking to the aggregate implications of offshore R&D.

This paper also contributes to the literature explaining the pattern of FDI, dating at least as
far back to as the theoretical work by Helpman (1984) and Markusen (1984). Recent studies in
this area have examined the determinants of M&A FDI (Nocke and Yeaple, 2008), the role of firm
heterogeneity (Helpman, Melitz and Yeaple, 2004), the dynamics of MNCs (Garetto, Oldenski
and Ramondo, 2019; Fillat and Garetto, 2015), and have looked into the role of MNCs in shap-
ing consumer preference and creating market access (Head and Mayer, 2019; Wang, 2019). The
contribution of this paper is two folds. Empirically, I document new facts on the joint allocation
of R&D and production across a broad set of countries, complementing existing studies, most of
which focus on either production or R&D alone, often using data from a single home or host coun-
try.> Quantitatively, I develop a model that captures complex structures seen in modern MNCs.
The model allows me to separate the roles of talent and various geographic frictions in the global
operation of MNCs.

Finally, this paper is related to the research on the measurement of the global value chain (c.f.,
Johnson and Noguera, 2012; Koopman, Wang and Wei, 2014; Antras and De Gortari, 2020). Most
existing measurements are based on sectoral production. Increasingly, countries in the global
value chain (GVC) also specialize in tasks (innovation, production, etc.). One obstacle to system-
atic measurements of country specialization by task is data availability. Compared to merchandise
trade and sectoral production, data on cross-border flows of headquarter services and R&D are far
less accessible. By combining a new firm-level dataset and a structural model, I characterize em-
pirically a GVC with four stages: headquarter services embedded in the provision of knowhow,

R&D, manufacturing, and marketing. This contributes to the measurement of R&D in the GVC.

3For example, Irarrazabal, Moxnes and Opromolla (2013) and Keller and Yeaple (2013) document gravity for affiliate
production. On R&D, Hall (2011) documents important cross-border R&D by MNCs using aggregate patent data;
Siedschlag, Smith, Turcu and Zhang (2013) estimates R&D location choice for MNCs from the EU. Because they define
R&D based on the industry of an affiliate, their sample includes only 446 R&D location decisions.



2 Data and Facts

2.1 Data Sources and Empirical Sample

I assemble a dataset on the invention and production activities of firms from different countries,
linked together by an ownership network. This subsection outlines the main sources of data and
preparation procedures; Online Appendix A provides additional details on these procedures and
supplementary data, and results from several validation and robustness exercises.

Financial and ownership data. The financial and ownership data are from the Historic Disk of
the Orbis Database extracted in April 2017. I use the 2016 vintage of shareholder data to identify
the parent of each firm, defined as the entity holding more than 50% control over the firm either
directly or indirectly. These ownership data span across country borders, so I can link firms to
their parents, domestic or overseas. Firms not linked to a parent are assumed to be independent.

My primary measure of production is sales; for robustness I will also use value added, which
has more limited availability. The financial data come at the year-firm identifier level. I group all
firms in a country owned by the same parent into one and treat it as an affiliate. This step gives me
a total of around 185 million parent firm-host country-year observations between 1996 and 2016.
The vast majority of parent firms have only one host—their home countries. Appendix Table A.1
reports the coverage of the financial data for the set of countries included in this study:.

Patent data. I measure the invention activity of MNCs using the addresses of patent inventors,
so, if a firm is granted many patents invented by researchers in Japan, for example, I infer that the
firm invest heavily in R&D in Japan (but see the caveats discussed below).

My primary data source is PATSTAT Global, which covers patent applications across 90 na-
tional and regional patent offices. I match individual patents to firms and then identify where
each patent is invented based on the location of its inventor(s). Around 25 million granted patents
are matched to 681,241 unique parent firms in the Orbis Database. Only less than a quarter of
these patents are from the USPTO (see Appendix Table A.2 for sample composition and the avail-
ability of inventor location information by patent office). Thus, by using a comprehensive patent
database, I expand coverage among firms patenting outside the U.S., which will provide valu-
able variation when I relate patent invention to country characteristics. Relative to measures of
MNC Ré&D based on R&D spending data, which are rarely available for more than one host or one
home country at a time, the advantage of my measure is that detailed information on the universe
of patents in most countries is publicly accessible.

A general caveat in interpreting patent invention as R&D is that being a decision of firms’,
patenting depends on the characteristics of both the firm and the country. In regression analysis
below, I will purge out these factors by including a rich set of controls and fixed effects. In quan-
titative analysis in later sections, I will further need as an input the share of inventions in a host
made by foreign firms. I show in Appendix Figure A.2 that aggregate and bilateral foreign in-
vention shares calculated using patent counts are strongly correlated with those calculated using
R&D expenditures, so using patent data does not introduce systematic biases for aggregate shares.

There are two additional caveats on measurement that are specific to the multinational setting



of this paper.* First, MNCs are in principle free to assign the ownership of patents to any its af-
filiates, so the location of the assignee (the owner of a patent) needs not be where the invention
was conducted. My use of the location of inventors circumvents this problem.”> Second, because
a patent only grants protection within the country in which it is issued, firms often seek patents
in different countries (e.g., the USPTO and the JPO) for the same underlying invention. To avoid
double counting, I keep only one patent among each family of patents covering the same inven-
tion.® These two choices also imply that my measure of invention is independent of where an
MNC files for a patent, and which of its affiliates is assigned as the owner of the patent. This
further alleviates the concern that my measure picks up firms’ self-selection into filing patents in
particular hosts.

I aggregate individual patents to obtain the total number of patents at the level of parent firm,
year, and host country, with host countries identified by the location of inventors. In doing so, it is
necessary to take a stand on how to classify patents with inventors from different countries. In the
baseline analysis, I split patents based on the number of inventors. For example, if an invention
is made jointly by two inventors in India and one in the U.S. headquarters, I attribute two-thirds
of it to India and one-third to the U.S. For robustness, I will also use an alternative measure that
counts each of the hosts co-inventing a patent as having invented the entire patent.

Sample country and time. I supplement firm-level datasets with country characteristics. To
have a consistent sample as the quantitative section, I restrict to 37 host countries, selected based
on the coverage of the World Input-Output Database and the Penn World Table, both of which are
crucial for calibration. To reduce measurement errors from the discrete patent outcomes and to
smooth out yearly fluctuations in country characteristics, I average the data by five-year intervals
between 1996 and 2016.

2.2 Descriptive Statistics

I combine the financial and patent datasets. The majority of firms never patented; some firms with
patents have no available financial information. For regression analysis, I focus on firms that both
have some financial information and have filed at least one patent—invented anywhere—during
the sample period; the rest of this subsection provides descriptive statistics on this combined

sample. For tabulating country-level statistics in quantification later, I will use the full set of firms

4 There are also two advantages that are specific to the multinational setting in using patents to measure R&D.
First, MNCs have an incentive to manipulate intangibles to shift profits across tax jurisdictions (Guvenen et al., 2017).
Since the addresses of inventors appearing on a patent application does not affect the taxes firms own, they are less
likely to be manipulated. Second, patents from different countries are conceptually closer to each other than R&D
expenditures. R&D in a country trying to catch up with the frontier might be more about learning what others already
know than about pushing the frontier. Patents in that country, on the other hand, requires pushing the frontier, even if
only by a tiny step. In this sense, they are more comparable. To the extent that patents differ in quality, it is relatively
straightforward to adjust for it using the number of forward citations.

5The location of an inventor is based on his/her mail address on patent application and is not his/her nationality.
One potential concern is that if, after spending years on a project, an inventor moves across countries right before apply-
ing for a patent, then treating the inventor address as the location of R&D introduces measurement errors. Appendix
A.2 performs a back-of-envelop calculation to show that errors introduced this way, if any, are likely small.

6T identify patents from different offices covering the same invention using their common priority, established when
the first patent on an invention is filed anywhere.



Table 1: Sample Structure: Firms, Production Facilities, and R&D Centers

1) (2) ®) 4)
R&D center count
Period Firm count Prod. facility count Baseline Liberal
1996-2000 26,635 43,395 30,506 36,818
2001-2005 48,473 76,641 52,243 61,539
2006-2010 75,336 113,401 78,924 91,703
2011-2016 86,335 131,493 88,569 102,886
Total 236,779 364,930 250,242 292,946

Note: Reported values are the numbers of distinct firms (Column 1), distinct production facilities (Column 2), and
distinct R&D centers (Columns 3 and 4) in the matched R&D-financial sample. Each row is for a five-year interval
between 1996 to 2016.

Table 2: Descriptive Statistics of the Firm-Level Sample

Panel A: Manufacturing and non-manufacturing shares

firm count % of total revenue % of total patents
% offshore % offshore
Mfg. 43220 39.68 38.21 56.32 15.23
Non-Mfg. 43115 60.32 24.60 4368 9.86
All 86335 100.00 30.00 100.00 12.89

Panel B: The distribution of firms by the number of affiliates
by the number of prod. sites by the number of R&D Centers

All Mfg. Non-Mfg. All Mfg. Non-Mfg.
1 77447 39,027 38,420 82,498 41,203 41,295
2 3361 1,602 1,759 2,373 1,158 1,215
3 1317 567 750 554 273 281
4 770 337 433 270 148 122
5 513 219 294 180 120 60
>=6 2927 1,468 1,459 460 318 142
Total 86335 43220 43115 86335 43220 43115

Note: This table reports summary statistics for the last period (2011-2016). Panel A reports the sample composition by
manufacturing and non-manufacturing firms. Panel B reports the number of firms with different numbers of produc-
tion affiliates and R&D centers.

to ensure good representation of the economy; Appendix A.3 provides a summary of that sample.

Sample Coverage and Entry Patterns. Table 1 gives an account of sample coverage. The first
column is the number of parent firms in each period. It increases over the periods, reflecting the
broadening coverage of the database. The second column is the number of production affiliates. I
define a host as a production affiliate of a firm if it has positive sales over the period. On average,
each firm operates in 1.5 countries. The third column is the R&D center count. As a baseline, I
define a host country as an R&D center of a firm if it invents at least one full patent there. Firms
have on average 1.05 R&D centers. Column 4 uses a more liberal definition for R&D centers,
which only requires a host to have invented a partial patent. Under this definition, the average
R&D center per firm is 1.4.

Table 2 provides a few descriptive statistics, focusing on the last period. Panel A reports the
composition of the sample by whether a parent firm is in manufacturing or not. Manufacturing



Figure 2: The Role of Firm Heterogeneity in Invention and Offshoring

(a) Offshore R&D Presence (b) Affiliate Patent (c) Affiliate Sales
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Notes: Figures use data from the last period only. Panel (a) plots the number of countries a firm enters for offshore R&D against the
normalized (by taking out home and 2-digit industry fixed effects) log number of patents at the headquarters. A few manufacturing
conglomerates and technology companies are annotated. Panels (b) and (c) are residual plots of log affiliate number of patents and
sales, respectively, against the log number of patents at the headquarters, controlling for host country, home country, and 2-digit
industry fixed effects. Standard errors reported in Panels (b) and (c) are clustered by firm.

accounts for about half of the firm count, 40% of total revenue, and 56% of total patenting. About
38% of revenue and 15% of patents of these firms are generated in their overseas affiliates. Non-
manufacturing firms account for a higher share of revenue but a lower share of patents; their
overseas affiliates also carry out non-trivial shares of both sales and invention.

Panel B count firms by the number of countries in which they have a production/R&D pres-
ence. About 10% of all firms carry out production in more than one country, around 3% in more
than 6. Compared to offshore production, offshore R&D is both less common and less spread out:
only 5% of firms conduct invention in more than 1 country; less than 1% do so in more than 6
countries. Interestingly, these patterns do not differ systematically between manufacturing firms
and others.

The Role of Firm Heterogeneity. Figure 2 shows participation in offshore R&D depends on
firms” innovation at home. Panel (a) plots the number of R&D centers of a firm against their num-
bers of inventions at the headquarters. To rule out that firms from certain countries or industries
patent more intensively than others, shown in the horizontal axis are the residuals, netting out
home country and 2-digit industry fixed effects. The figure shows that firms with more inventions
at home enter more countries for offshore R&D. I will interpret this as selection into offshore R&D
by firms’ innovation efficiency.

Panels (b) and (c) of Figure 2 are residual plots at firm-host country level. Panel (b) shows a
positive correlation in the number of inventions between affiliates and headquarters, controlling
for home country, host country, and industry fixed effects. The right panel shows that affiliate
sales is positively correlated with headquarter invention, with an elasticity of 0.35, significantly
above the 0.23 elasticity for affiliate invention depicted in Panel (b). The positive correlation in
both panels is consistent with correlated innovation efficiency between parents and affiliates. A
larger elasticity for affiliate sales than for affiliate invention hints at an additional source of hetero-



Table 3: Human Capital and Affiliate Invention Intensity

) @) ®) 4)

Dependent variable: In (patent/sales) R&D Indicator
human capital index 0.979***  3.013**  3.431** 0.181**
(0.260)  (1.365) (1.334) (0.076)
In(GDP per capita) -0.308 -0.622  -0.710* 0.081***
(0.250)  (0.439)  (0.350) (0.023)
IPR protection 0.563***  0.404** 0.020
(0.205)  (0.176) (0.015)
R&D subsidies 0.508 0.572 0.011
(0.384) (0.403) (0.029)
In (researchers) 0.421** 0.067***
(0.172) (0.016)
In(GDP) 0.057
(0.091)
log (sales) 0.004***
(0.001)
Observations 21031 11803 11464 80253
R? 0.252 0.677  0.675 0.637
Within R? 0.029 0.010 0.015 0.005
Distance measures Y - - -
Firm-period FE Y Y Y Y
Affiliate FE - Y Y Y

Note: The outcome variable is log of the ratio between patent counts and affiliate sales. The explanatory variables are
country characteristics. Column 1 is a cross-sectional regression that controls for firm-period fixed effects and bilateral
distance measures, including geographic distance and a set of dummies (see the text). Columns 2 through 4 control for
time-invariant host characteristics through affiliate fixed effects. Standard errors (in parenthesis) are clustered by host
country and by firm. * p < 0.10, ** p < 0.05, *** p < 0.01.

geneity that determines affiliate sales beyond how many inventions an affiliate makes. The model

developed in the next section will incorporate both ingredients.

2.3 Three Facts on Location Choices for Invention and Production

I document three facts on the spatial distribution of invention and production within a MNC.

Fact 1: The invention intensity of an affiliate increases in host human capital quality. The
first fact investigates how affiliate invention intensity varies with host characteristics. I pay par-
ticular attention to host human capital, as it is rated as a primary factor by managers choosing
locations for R&D centers (Thursby and Thursby, 2006). My specification is as follows:

Yfontt = FE+ ’ﬁ : Yoh,t + €onft-

The outcome variable is the log ratio of patent invention over sales, for an affiliate in host /1 of firm
f from country o in period t. The explanatory variables Yoh,t include the measure of host talent,
the human capital index from the Penn World Table, along with other controls. FE is fixed effects.

A concern in interpreting ¥, + as the invention intensity of an affiliate is that it might pick up
that firms apply for more patents in more attractive markets. Note that in constructing y roy, it is the
number of patents invented in country h, which could be granted by any authorities, rather than the
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number of patents granted by the authority of country #, that is being counted. Selective patenting
in more attractive hosts thus will not in itself bias the measure (see also Appendix Figure A.1 for
additional evidence). I will include country fixed effects and time-varying country characteristics
to soak up remaining variations in the propensity of patenting across hosts. Relatedly, some firms
patent their inventions more frequently than others. This source of heterogeneity will be absorbed
by firm-level fixed effects.

Table 3 reports the results. The first column controls for firm-period fixed effects and four
measures of bilateral distance between the home and the host: geographic distance, and indicators
for whether countries o0 and / share an official language, are contiguous to each other, or have a
colonial tie. This specification exploits within-firm, cross-host, variation, and finds significant
positive correlation between the invention intensity of an affiliate and the human capital index.
The size and income of the host, on the other hand, do not seems to be important.

Columns 2 adds affiliate fixed effects, so all invariant country characteristics are absorbed. I
further control for the protection of intellectual property rights (IPR, Park, 2008) and R&D sub-
sidies (OECD) of the host, two policy measures likely correlated with R&D and patenting.” The
specification shows that an improvement in host human capital over time is correlated with an
increase in the patent sales ratio. In terms of magnitude, a one standard deviation increase in the
human capital index (= 0.38) more than doubles the outcome variable. Column 3 further includes
a narrower measure of talent, the number of researchers in a country. An increase in this measure
is positively correlated with the invention intensity of affiliates, but the coefficient for the human
capital index barely changes, suggesting that a broader interpretation of talent is warranted. Fi-
nally, Column 4 examine whether an improvement in human capital is associated with the entry
of foreign R&D centers through the extensive margin, controlling for the sales of the affiliate. I
find that both measures of talent are associated with entry.

Most existing quantitative work on MNCs either abstracts from R&D entirely or assumes it
takes place only at the headquarters (Ramondo and Rodriguez-Clare, 2013; Tintelnot, 2016; Arko-
lakis et al., 2018). The first fact suggests that such simplification misses systematic variation in the
R&D intensity of MNC affiliates around the world.

Fact 2: Invention and production tend to be located together. The second fact is on the colo-
cation of invention and production. The specification is:

—
Yt = FE + YR&D Xpnt + Y dist - disteys + €,

where f, h, t, indicates firm, host, and period, respectively. Variables y,; and x; ; measure pro-
duction and invention of firm f in host h. dist ; is a vector consisting of four measures of the av-
erage distance between host i and all other countries in which firm f has an R&D center. dzst fht
is firm specific because firms differ in their geographic presence. Coefficients yrgp and 7 ist

capture the colocation patterns.®

"Because changes in GDP and income are highly correlated, I include only one of them.
8Since the quantitative analysis will be based on a static model, I focus on the contemporaneous effect in this speci-
fication. Including leads and lags of offshore R&D measures as additional explanatory variables result in positive and
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Table 4: Colocation of Invention and Production

@ @ ©) @ ®) ©) @
Dependent var. prod. indicator In (sales)
R&D Indicator g, s 0.281%** 1.164"** 1.042%**
(0.003) (0.024) (0.026)
In(patent) ¢, s 0.331* 0.329***  0.205***  0.181***
(0.012) (0.012)  (0.044) (0.042)

In (distance), , -0.024  -0.328**

(0.025)  (0.144)
common language s, , 0.220"*  0.408

(0.051)  (0.267)
contiguity g , 0.143**  0.224

(0.049)  (0.235)
colonial tieg, ; 0.090**  -0.563*

(0.046)  (0.306)
Observations 7494979 119659 19519 119503 19519 14090 8839
R? 0.704 0.495 0.572 0.496 0.572 0.969 0.963
Within R? 0.042 0.045 0.093 0.047 0.094 0.022 0.020
Firm-period FE Y Y Y Y Y Y Y
Host-period FE Y Y Y Y Y Y -
Home-host FE Y Y Y Y Y - -
Host-industry FE Y Y Y Y Y - -
Affiliate FE - - - - - Y Y
Host-industry-period FE - - - - - - Y

Note: Column 1 estimates the relationship between having an R&D center in a host and the probability of having a
production facility in the same host. Columns 2 through 7 estimate the relationship between having an R&D center
(and the size of the R&D center) and the size of the production facility in the same host. Columns 4 and 5 also control
for the average distance of a production facility to other countries in which the firm has an R&D center. Industry effects

are at two-digit level. Standard errors (in parenthesis) are clustered by firm. * p < 0.10, ** p < 0.05, *** p < 0.01.

The OLS estimate of yrgp and 7dist might suffer from an omitted variable bias. For example,
firms might conduct both invention and production in hosts with a comparative advantage in
their industry; both activities might also grow in response to an expansion in the economy or
market access of a host. To rule out these factors, I include host-period, home-host, and host-
industry fixed effects. I further control for firm-period fixed effects to absorb across-the-board
growth of a firm. As discussed previously, these controls also help purge out systematic variations
in patenting propensities across firms and hosts, so xy; ; can be interpreted as R&D.

Table 4 reports the results. The first column focuses on the extensive margin and shows that
having an R&D center in a host increases the probability of having a production affiliate in the
same country by 0.28, or about ten times the mean value of the outcome variable (0.027). Column
2 focuses on the intensive margin of production and finds that MNCs on average produce 116%
more in hosts where they have an R&D center. Column 3 uses log patent count as the explanatory
variable. The sample size is substantially smaller as only affiliates with inventions are included,
but the result is similar qualitatively: sales are correlated with the number of inventions at the
affiliate level. Based on Columns 2 and 3, respectively, Columns 4 and 5 further include the aver-
age value of the four distance measures between & and all countries in which firm f has an R&D
center. The distance coefficients are generally consistent that the proximity to sibling R&D centers
in other countries also have an effect.

statistically significant coefficients for contemporary and lagged offshore R&D, and small and insignificant coefficient
for future offshore R&D. Such dynamic results, available upon request, are also consistent with a colocation effect.
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These results are indicative of frictions impeding the separation of invention and production,
but they can also be due to idiosyncratic reasons—beyond what can be controlled for by host and
firm fixed effects—that make a host suitable for specific firms. To address this concern, Column
6 controls for affiliate fixed effects to ensure that the correlation is not due to high idiosyncratic
match quality between a firm and a host. Column 7 further includes host-industry-period fixed
effects, so it rules out the effect of changes in host economy that affects the entire industry. Both
specifications find that as affiliates increase invention, their production also increase.’

A remaining possibility is that the correlation is driven by over-time changes in the idiosyn-
cratic match quality between a host and particular affiliates. Given that the estimate changes little
with the inclusion of host-industry-period fixed effects, it appears that the scope for such shocks
to affect the estimate is limited. Nevertheless, I adopt an alternative IV strategy to further address
this concern, under the following identifying assumption: controlling for host fixed effects and
other time-varying host, industry, and firm characteristics, changes in the R&D environment of a
host—e.g., R&D subsidies and the number of researchers—affect affiliate production through af-
filiate R&D. I discuss the IV results in Appendix A.5, which also suggest that affiliate invention is
correlated with production. This strategy rules out that the colocation of invention and production
is due to over-time changes in idiosyncratic match quality, thus complementing the specifications
in Table 4. While both identification strategies are imperfect, the fact that they give a similar result
despite exploiting orthogonal sources of variation, boosts the confidence that the finding is not
due to an omitted variable bias.

Fact 3: Affiliate production and invention both decrease with distance to the headquarters,
but at different rates. The third fact concerns the headquarter effects on affiliate invention and
production. The specification is the following:

-
Yfont = FE+ 7 aist - distop, + €ohf tr

in which the outcome variable y,; is measures of invention or production in host & of firm f
from country o in period t. dist,,, the distance measures between headquarters 0 and host , is the
focus of this specification. I exclude headquarters from the sample, so the comparison is among
affiliates of the same firm in different countries.

Columns 1 and 3 of Table 5 report the results of a linear probability model in which the outcome
variable is an indicator for having a production affiliate or an R&D center in h. They show that
geographic frictions play important but heterogeneous roles. Sharing a language is important for
both invention and production, whereas distance and colonial ties matter more for production.
These estimates are economically sizable compared to the mean value of the dependent variables
(0.018 and 0.027, respectively). Columns 2 and 4 estimate the intensive margin effect of distance

9Two remarks on the within-affiliate specification: First, when exploiting over-time variations, firms growing from
a small number of patents can have an extraordinary percentage growth rate. To avoid these firms having an outsized
impact on the estimate, I weight firms by the square root of their patent counts. Not weighting would result in an
estimate of 0.06 (s/e= 0.014) for Column 6 and an estimate of 0.09 (s/e= 0.02) for Column 7. Second, I do not include
the average distance metrics as there are not enough over-time changes to estimate them precisely. Including these
variables will not impact the coefficient for log(patent) materially.
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Table 5: The Headquarter Effect on Invention and Production

) @ ®) 4) ©) (6)

Affiliate Invention Affiliate Production
Dependent var. indicator In(patent) indicator In (sales) indicator In (sales)
In(distance),, -0.002**  -0.129***  -0.005*** -0.282***  -0.005***  -0.253***

(0.001) (0.034) (0.002) (0.028) (0.001) (0.027)
common language,, 0.020*** 0.258*** 0.022*** 0.162** 0.015** 0.094
(0.004) (0.072) (0.009) (0.064) (0.007) (0.061)

contiguity,, 0.002 0.106 0.004 0.185*** 0.003 0.174**
(0.002) (0.072) (0.004) (0.061) (0.004) (0.058)
colonial tie,, 0.002 0.029 0.024***  0.153"*  0.023*** 0.129*
(0.004) (0.067) (0.008) (0.075) (0.007) (0.068)
R&D indicator f, ; 0.375***  1.198***
(0.019) (0.031)
Observations 7295102 45364 7295102 103131 7295102 103131
R? 0.124 0.336 0.302 0.420 0.339 0.446
Within R? 0.004 0.012 0.006 0.012 0.058 0.056
Firm-period FE Y Y Y Y Y Y
Host-industry FE Y Y Y Y Y Y
Host-period FE Y Y Y Y Y Y

Note: Columns 1 and 2 estimate the relationship between affiliate invention and the proximity of the host to the head-
quarters. Columns 3 to 6 estimate the relationship between the proximity to the headquarters and affiliate production,
among which Columns 5 and 6 also include the R&D center indicator. Headquarters are excluded from all regressions.
Standard errors (in parenthesis) are clustered by country pair. * p < 0.10, ** p < 0.05, *** p < 0.01.

to the headquarters on affiliate activities. Sharing a common language is more important for
invention, but other types of geographic frictions are in general more important for production.

These results do not necessarily mean that proximity to the headquarters matters for both
invention and production—given Fact 2, as long as one activity is hindered by distance to the
headquarters, regressions on the other activity will show expected signs for geographic frictions.
To show qualitatively that the headquarter effects for both are at play, Columns 5 and 6 add the
R&D center indicator in the regressions for affiliate production. The estimated geographic coeffi-
cients decrease slightly but remain statistically significant, consistent with a headquarter effect for
production. Without a formal model, it is challenging to quantitatively separate the strength of
colocation and headquarter effects. I will disentangle these forces by combining these estimates
with a structural model in later sections.

Robustness and additional evidence. Together, these facts highlight two motives for firms
conducting R&D in a host: to take advantage of the host talent and to be close to production. The
variation in R&D intensity across countries and the differential headquarter effects also show that
while R&D and production are interconnected decisions, firms do have the flexibility in choosing
the appropriate site for each. These facts call for a model in which R&D and production are
explicitly introduced as separate decisions of MNCs. In the rest of this paper, I develop such a
model to interpret the data and to quantify the aggregate implications of offshore R&D.

In Appendix A.4, I show that the three facts are robust to different measures of affiliate R&D
(e.g. citation) and production (value added), and that estimates are similar when only the manu-

facturing industry is included. In Appendix A.6, I provide additional evidence for a key assump-
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tion of the model. This result will be discussed as I introduce the model below.

3 The Model

3.1 Environment

Worker. There are N countries, indexed by i = 1,2, ...N. Country i is endowed with L; measure of
workers, whose ability « is from a distribution with a cumulative distribution function (cdf) A;(«).
Workers with ability « choose whether to work in manufacturing production, where everyone has
the same effective productivity and earns a common wage of W! (I for low-skill), or to work in

10

high-skill jobs—R&D and marketing—and earn a wage of W/ x a.!° Letting &; denotes the ability

level above which a worker chooses high-skill jobs, we have

The supply of high and low skill efficiency units, denoted by L" and L! respectively, are given by:

Lh=1r;- adAi(a)

>

Firm. Country i is endowed with E; measure of firms differing in their innovation management
efficiency, R € ZR, drawn from a cdf denoted by GF(zR). This cdf captures the state of knowhow
in country i, which I interpret as adopted management practices conducive for innovation but can
also more broadly capture the accumulated technological expertise in country i. Firms build R&D
centers in different countries, which recruit local researchers to develop new varieties, and then
engage in offshore production and trade.

Consumption. A representative consumer in country i decides the allocation of consumption

expenditures according the preference represented by the following utility function:
-1 o
U= ([ i) dw)e,
Q;

where (); denotes the set of product varieties available in country i, 4;(w) is the consumption of
variety w, and ¢ > 1 is the elasticity of substitution. Let the aggregate consumption expenditure

in country i be X;. The demand for variety w is:

X;

gi(w) = pi(w)_”—Pil_U,

10By allowing for an endogenous occupation choice, I am able to use external data on ability distributions to calibrate
A;j(a). An alternative approach is to assume each country has an exogenous endowment of researchers and other
types of workers. Parameterizing that alternative model boils down to assuming that the endowment of different types
of workers in a country matches the observed occupation shares, which risks attributing variation in other country
characteristics that drive occupation choice, such as firm knowhow, to talent endowment.
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where p;(w) is the price of variety w in country i and P; = [, 0, pi(w)'dw] 7 is the price index.

3.2 Firm Decisions: Overview and Empirical Support

This subsection gives an overview of firm decisions and discusses the empirical support for the as-
sumption on the independence among R&D centers. I will use the following notations: o0 denotes
a firm’s headquarters, the country where a firm originates and obtains its draw of z%; i denotes
the country where a product is invented—the location of the R&D center; m denotes the coun-
try where manufacturing production takes place; and d denotes the destination country where a
product is consumed.

Consider a firm from country o. Knowing its innovation efficiency in the home country, zR
the firm decides how many R&D centers to open and in which countries. To open an R&D center
in country i, it pays a fixed cost of C(I;i in country i high-skill efficiency unit, a cost that varies by
pairs of countries. Motivated by Figure 2b and Fact 3, I assume that firms can transfer part of
their knowhow to affiliates. Letting X < 1 be the fraction of innovation efficiency transferred,
the innovation efficiency for an R&D center in country i owned by a country o firm is zR = zR¢R.
This efficiency governs how many varieties can be developed for a given number of researchers.

Figures 2b and 2c together imply that the affiliate sales per invention increase in the parent
innovation efficiency. I interpret this as more innovative firms on average having higher manu-
facturing efficiency/product quality. In keeping with this interpretation, each R&D center upon
entry also obtains a random draw of production management efficiency, denoted z” € Z?, which
is common to all products developed by the R&D center. The distribution from which z” is drawn
increases in z® in the sense of first-order stochastic dominance. I use G (z”|zR) to denote the cdf
of production efficiency draws and use g”(z”|zR) to denote its probability density function (pdf).

Firms may open R&D centers in multiple countries, but at most one in each. The firm decides
how many products to develop in each center. To sell products to destination country d, a per-
variety fixed marketing cost of ¢}! in terms of country d high-skill labor must be paid.

Manufacturing production can take place in countries where a firm does not have an R&D
center. By separating production from R&D and the headquarters, firms can take advantage of
cheaper production labor and save on shipping fees. However, geographic separation makes it
difficult for researchers and the management to communicate with the production line, hurting
production efficiency. I use ¢f, < 1 to denote the fraction of productivity that a firm can transfer
to its production center. Motivated by Facts 2 and 3, I will parameterize ¢, to be a function of
both the distance between 0 and m and the distance between i and m, thus allowing proximity to
both the headquarters and R&D centers to play a role.

Production uses only labor. For an R&D center with production efficiency zP, the deterministic
component of its labor productivity in country m is Ty, - z¢?%. , with T,, being the country-wide
manufacturing efficiency at m, capturing the influence of infrastructure, institution, etc. I further
assume that there is a stochastic element, #,,, idiosyncratic to individual varieties, which enters

productivity multiplicatively, so the variety-level pI‘OC}uCtiVity in m is Ty, - zP¢Y 17, The cost of
Wi Tind

producing one unit in m and delivering it to d is — 3 —
Tinz" @ 1Tm

. This takes into account the wage for
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Figure 3: Overview of the Model
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Figure 3 illustrates firm decisions. Importantly, I assume that varieties developed by a firm, in
the same or different R&D centers, are differentiated from each other and from varieties developed
by all other firms. This assumption is consistent with how R&D is organized in many conglomer-
ates. General Electric, for example, organizes its ten research labs by scientific disciplines in five
countries (the U.S., Germany, India, China, and Brazil). With this assumption, firms make offshore
R&D decisions for each country independently, which greatly simplifies the model.!!/!?

I test this assumption empirically. In Appendix A.6, I show that affiliate invention responds to
R&D subsidies, the availability of researchers, and IPR protection in the host, but does not respond
to these factors in either the headquarters or other countries in which the firm has a presence. This
suggests interdependence among R&D centers is not a first-order feature of my data.

Given the independence, in the remainder of this section, I first explain the production and

trade decisions of a firm after a variety has been developed. I then describe the innovation decision

HMore than 70% of FDI flows in the data are in the form of mergers and acquisitions (Nocke and Yeaple, 2008).
The differentiated-variety assumption adopted in the present paper is consistent with this form of FDI—multinationals
transfer their managerial knowhow to newly acquired foreign firms, which have their own brands and products, and
help them carry out independent product development and manufacturing production.

12The model treats R&D at headquarters and R&D in offshore centers symmetrically. Bilir and Morales (2020) find
that for the U.S. multinationals, R&D at headquarters have stronger spillover effects to their affiliates overseas than
R&D at one affiliate to other affiliates. An extension of this model that allows firms to first invest in R&D to build
up ‘core management capacity’ before performing product innovation at home and abroad would be consistent with
this pattern. Whether we treat R&D at the headquarters differently will not affect the qualitative conclusions from the
empirical section as firm fixed effects are always included; my quantitative experiments based on the present model can
be viewed as a short-term version that does not allow for endogenous accumulation of the core innovation efficiency.
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of R&D centers and entry into offshore R&D. Finally, I define the equilibrium and characterize the

welfare gains from openness.

3.3 Production and Trade

Consider a variety developed by an R&D center (z%,zR) in country i from o. The R&D center

obtains N idiosyncratic productivity draws, one for each potential production site, denoted by
Wr’nde

Tmzp(,bf,'m?]m ’

Knowing the realization of #, the firm decides whether to sell this variety to market d. Entry

N = (11,42, ..,yn) € H. The cost of serving country d through country m is ¢,jg =

to d for each variety requires hiring c}! high-skill labor units from d for marketing, each costing
W!. After paying this, the firm chooses the lowest cost production location for each of its varieties.
Because there are no fixed costs in offshore production, all countries are potential production sites.
With monopolistic competitive markets, the price of this variety in country d is a constant markup
over the lowest unit delivery cost among all choices:

WrInde
c—1 Tmzpcpfimqm

}.

Poia(z", 1) = miny {

The operation profit from manufacturing and selling this variety to country d is

1 Xy

ﬂoid(zprr]) = ﬂ(Poid(ZP/ﬂ) < Pa) [Eﬁpoid(zl)r'l)lw - Céwwg]r
d

1
BMN T . . . .
where p; = (Uvgg;d ) " Py is the cutoff price below which a firm can sell enough to recover the

marketing cost. The total revenue in d from this variety is

X4

Fpoid<zp,’1)lw~
d

roid(zprr]) = IL(Poid(zplﬂ) < ﬁd) ’

For tractable aggregation, I assume the following for the rest of this paper:
Assumption 1.

N
1
1-— —x,0,Vm e {1,..N}, x,, > 1
a) F(x)=Prob(m < xi,..,.4n < xN) = (mZ::l N ) t J

0, Ime{1,..,N}, x, <1

F(x) is a special case of the multivariate distribution proposed in Arkolakis et al. (2018). It has
two attractive implications. First, pys(z”, 7)1~ follows a Pareto distribution.!® Second, together

13More precisely, p,is(z", 1)1~ follows a Pareto away from its minimum support. Assumption 1.b implies that among
firms actively selling to d, that minimum support never binds. The economic content of this assumption is that the
marketing cost is high enough so that for all firms there are bad enough realizations of 7, such that they will not enter
d. As long as this assumption is maintained, Cg/[ can vary by firm and its exact values would not matter.
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with Assumption 1.b, it implies that the expected fraction of sales in country 4 that is fulfilled
through production in country m, denoted by 1,4, is

1 Tml‘l’(lyjim 0 1 T (PP
NAW! T4 5 — mPoim \013 14
imd = ——=="—  where (,;; = — (=—"22)"]". 1

zP does not enter the expression because it is common to all production sites.

Letting 7,;4(z"), 7oi4(z"), and €2, (z") denote the expected values of per-variety sales revenue,
operation profit, and marketing cost, associated with market d before # realizes, I show in the
appendix that these objects are given by:

) = Blra ) = O Dyt e o
=) = B ) ) = T e
Toia(27) = B(moia(2",1)|2") = %?oid(zp) —Coa(2")-
The total operation profit from a variety by an R&D center in country i is therefore
Toi(2") = Zd:ﬁoid(zp)- 3)

3.4 R&D Decisions

R&D centers recruit high-skill workers to develop new varieties. Letting & be the measure of

high-skill efficiency units recruited, the total number of new varieties developed, v, is:'®

v=zR.-1",0<y<1

Two comments on this setup are in order. First, I model R&D as the invention of differentiated
products. In quantification, I will map varieties to patents, which has been documented to be a
strong predictor of new product introduction (Argente et al., 2018). An alternative is to model
R&D as process innovation, which improves manufacturing efficiency of both the affiliate in the
same host and sibling affiliates through spillovers. I wish to note that such spillovers are internal-
ized within the firm and are also present in my setup, where inventions in an R&D center influence
the sales of affiliates in other countries because they too can produce these varieties. Ultimately,
both models imply that R&D in a host increases the revenues of the firm both locally and globally,

and are observationally equivalent when only affiliate level sales/value added data are available.

14Note ¥, Poima = 1. Ciq differ slightly from other work using similar parametric assumption (with the multiplier
%) because I specify F(x) to be a function of %, thereby normalizing the support of 17, m € 1,2,..., N to be [1, 00).

15Tn an earlier version of this paper (Fan, 2017), T assume that the quantity and quality of researchers are imperfect
substitutes and that R&D output is log supermodular in zR and researcher ability. That feature leads to positive assor-
tative matching between firms and researchers and has additional implications on firms’ location choice. Since most of
the qualitative predictions of the model do not depends on that feature, I abstract from it here for simplicity.
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Second, v < 1 implies decreasing return to the size of research teams. This reflects the impor-
tance in R&D of affiliate-level fixed factors, embodied in zR. An example of such fixed factors is
the capacity of top managers in supervising product development, which does not scale easily.'®

The optimization problem for an R&D center is

R (2F, 2R) = max;, 7T, (z0)ZRhT — Wih,

where 77,;(z") is the expected per-variety profit. The first order condition implies

bRy (YTi(2F)ZRN
hoz(z ,Z )— <Wlh ) ’

which gives the number of varieties invented as:

1 a7t (2PN
e, 2) = 2877 () ™. @
i

The total operation profit from these varieties is Toi(27) - voi(zP , ZR). Of this, a <y fraction goes to

researchers. The rest is the return to firm knowhow, given by:
T 1
i—

mh(E, ) = (7 =) () () 6

This return also represents the total variable profit from doing R&D in country i.

3.5 Offshore R&D and the Distribution of R&D Centers

Let 718 (zR) be the expected profit (across all possible zP draws) for an R&D center in country i,

given its innovation efficiency zR. We have:
R (R R(,P _RY,P( PR\, P
() = [ 2N (12

To characterize firms’ decision to open offshore R&D centers, I assume the following about gp (zP \ZR).

Assumption 2. The distribution from which an R&D center draws its production efficiency z* increases
in the innovation efficiency of the R&D center in the sense of first-order stochastic dominance.

Firms compare the expected profit from building an offshore R&D center to the fixed cost of

setting up the center, cRXW!". By Equations (2) and (5) , & (z”, zR) increases in z" and zR. Assump-

R

tion 2 then implies that 778 (zR) increases in z%, so there exists a cutoff 28, such that firms from

country o will perform offshore R&D in country i if and only if its innovation efficiency at the

16See Antras et al. (2006) for an analysis of an offshoring model in which managers can only supervise a fixed number
of workers. Alternatively, decreasing returns might stem from increasing coordination costs, free-riding, and disagree-
ment among researchers, as a team expands.
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headquarters zR is above Z8. This cutoff is given by:
S ) = et
The measure of R&D centers from o to i, denoted by R,; is thus:
Roi = Eo- (1 GE(2R)),

in which E, is the measure of firms from country o and GE(zR) is the cdf of the innovation effi-
ciency at the headquarters 0. The cdf of the innovation efficiency of the affiliated R&D centers in
country 7, denoted G(Ifi, is characterized by:
R(,R R 5R 4R £ 2N
ROiGoi(Z ) = ﬂ(z > Zoicpoi) “E, - Go (71{)

oi

The associated pdf is:

R Ry _ L 1(zR > sRoRY . E. . oF 21
8oi(2") = R, (2% > Z5i¢01) - Eo '80(4)*5) oK
Finally, the density distribution of the R&D centers from country o over (z',zR) is:

8oi(2",28) = g4i(z") - 87 (2" |z).

3.6 Aggregation

I now derive the expressions for aggregate outcomes. Letting V,;(z") be the marginal density of

varieties invented in country i by R&D centers from country o with production efficiency z*, i.e.,
Voi(z") = R - voi(2",2%) - goi (2", 28)dz", (6)
SP

where v,;(z",zR) is given by Equation (4). The total measure of varieties across all z" is:

Vo= [ Valz")dz".
ZP

In the appendix, I show that the price index in country 4 satisfies

c o, 1 ((Twhcgﬂ o=

1o _ d =0 59— (0—1) >0 P\Ov, (PP
L N G 7 ) R );;éoid/zp(z V(D)2 ()

The sales to country d of the varieties developed in i by firms from o, denoted by X,;4, is

L T\ 1 n My e o Xy 71 5 P\O1, (PP
X = 0= ==y i) 7 (577 T CO L ATCOTE O
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Among theses sales, let X,;,,; be the value fulfilled through production in country m. Because
Equation (1) holds for each variety making up X,4, it applies to the aggregate flows, i.e.,

Xoimd = woideoid .

The sales revenue is shared among participants at different stages of the process. First, the
bulk of sales (%;1) is the manufacturing value added taking place in country m. Letting Y,,, be the

manufacturing income generated through production for firms from o in country m, we have
c—1
= 2 Xoimd
v

fraction is used for

0—(c—1)
0

The markup is split among three participants. From Equation (2), a
marketing in destination d. The total marketing costs incurred in country d by firms from o, de-

noted by Cod, is:

1

Cé\gzg (6_ _1 )Zonmd

The reminder of the markup is value added by researchers in country 7, in the forms of both
product development and the overhead of R&D centers, and the net profit to firm owners at o.

Denoting the variable profit of firms from o operating R&D centers in country i by I1,;, we have:

= 22 () o

The payment to researchers working directly on product developed in country, denoted by I,;, is:

v

L = 1_ ,YHOi'

The payment to researchers in the form of overhead R&D cost is
Cor = Eo - [1= G5 (25)] - cW"
The labor market clearing condition for low-skill workers is
WaLy =} You-
0
The labor market clearing condition for high-skill workers is

hrh _ M R
0 0 0
—— —— ——"
product development ~ marketing entry =~ R&D overhead
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Total income equals total expenditures

Xa = WiLj+WyLy+ Y (Is; — Cgi) . 9)
—_— - T ——
Labor Income Net Profits

Definition 1. The competitive equilibrium is defined as a set of allocations and prices, such that workers and
firms optimize, all goods and labor markets clear, and all firm-level decisions are consistent with aggregate
allocations and prices (see appendix for details).

3.7 The Gains from Openness

MNCs integrate countries into a GVC, starting from headquarter services embedded in knowhow
provision, to R&D, production, and eventually marketing and consumption. When firms carry
out R&D abroad, participants at different stages benefit. First, high-skill workers in the host and
firm owners share the rent from the newly created varieties. Because production tends to colocate
with R&D, low-skill workers in the host and nearby countries benefit through a higher demand
for labor. Finally, high-skill workers in destination countries benefit from an increase in labor
demand for marketing; everyone benefits from having more varieties.

Given the interaction among these forces, characterizing the welfare implications of a general
policy on offshore R&D is challenging. To illustrate the intuition, I focus on the effect on the
aggregate welfare, defined as the total real income of a country, of a particular counterfactual:
moving the economy from the observed level of international linkages to complete isolation.'”

For only this section, I make the following assumption:

Assumption 3. a) The distribution from which firms draw production efficiency z" is independent of zR
but can vary arbitrarily across pairs of origin country and R&D location, o and i.

b) Firm innovation efficiency, X, follows a Pareto distribution: GE(x) =1 — (Zig)*"R, with ZX being the
country specific lower bound and kg > (1 — 7y) being the tail coefficient.

c) Lf-’ and Lf are exogenous, i.e., there is no occupation choice.

Part (a) of the assumption departs from Assumption 2 as it rules out positive correlation be-
tween z” and zR at the firm level. On the other hand, z” can be from any distributions and differ
across pairs of origin and host countries, so heterogeneity at country-pair level or the headquar-

p

ter effects on z" are allowed. Parts (b) and (c) are technical assumptions that simply expressions.

Under Assumption 3, we have the following:

Proposition 1. Under Assumption 3, the gains from openness for country d, defined as the percentage

change in ’Ii—; as d moves from complete isolation to the observed equilibrium, is

GOy =( Xaddd_\-1 ():o,m Xodmd)fg « ( Lo Xddmd 1 lad ) x f Lo Iod, L\ Xa _ 1
Yom Xddmd Xy Yoo,m Xodmd Yo Lod Xa "Yoloa”  Ya
(10)

171 use the total real income of a country, )15—:, as a measure for the aggregate welfare, with X; defined in Equation (9).
To the extent that different workers are differentially affected by openness, this aggregate welfare function implicitly
assumes that national governments can use lump-sum transfers for redistribution, so only the total income matters.
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where f( Z‘}’é"d , Eﬁdid ) is a function of model parameters and two ratios: the share of variable R&D expenses

.o L . . . I
in income Zxd *, and the fraction of domestic R&D expenses by local firms 4.

Proof. See appendix. O

This expression illustrates forces through which economic integration affects welfare. The first

term, ng’gjjmd, measures the importance of trade. In the absence of colocation and headquarter
effects, i.e., when 4’51’7;1 is independent of both i and o, this term equals %, which is the frac-
tion of sales in country d that is manufactured locally, the same as in the familiar gains from trade
formula. The second term, Z“mxi}iﬂd"“’, is the fraction of country d expenditure on goods invented in
d. It captures the benefit from having access to goods invented elsewhere, by either domestic or
foreign firms. The first two terms capture the direct effect of trade and the possibility to spatially
separate production from invention.

The third term, %, reflects the importance of foreign firms in domestic R&D. Intuitively,
the smaller this term is, the more country d depends on foreign affiliates and the larger the losses
are when foreign R&D centers are shut down. This channel is counteracted by the ability of do-
mestic firms to make up for the lost varieties, as the exit of foreign firms free up researchers to local
firms. Holding the total number of researchers constant, the strength of this offsetting channel is
captured by the share of local firms in R&D, (Zlodtliod )7, the fourth term.

Together, the first four terms capture the direct impact of openness on the real wage of produc-

tion workers. The last two terms account for the indirect influence of openness on the aggregate
real income through changes in income compositions. More specifically, y¢ captures that open

ness allows some countries to specialize in innovation and earn a higher share of income through

innovation rent. For such countries, %’ is higher and the welfare gains are above and beyond

the gains in the real wage. f( Zg(i‘”’ , Zld?ad) adjusts for the endogenous response to openness of the

fraction of the high skill working in R&D and of the income share from innovation. These forces
are captured by two sufficient statistics, Zg(—i”" and %

In the appendix, I compare this formula to that from Arkolakis et al. (2018). Slightly different
versions of the first two and the last terms in Equation (10) also appear in their formula. The third

and fourth terms, (indd )_% X (Zldf d)%, which summarize the direct effect of offshore R&D, is
0. odd 0 0l

novel. To gauge the importance of this effect, consider a special case with ¢”. independent of i, in

which case JuXgmt — ZinXand _ lug_ o0 the product of the third and fourth terms simplifies to
Za,m Xodmd Zm’,m onmd Za Iod

(EI"‘I’ - )_PTW. Consider the median country in the quantitative section, with about 30% of its R&D

done by foreign affiliates. The value of (Eld?od )_PT7 is around 1.05, when y = 0.25 and 6 = 4.5—all

else equal, offshore R&D brings about 5% direct welfare gains.

In addition to bringing about direct welfare gains, offshore R&D also affects the measured
gains from trade and offshore production. With R&D and production colocation, my model infers
different values for the first two terms of the formula. In the rest of this paper, I discipline these
channels using the firm-level data and show that doing so is important for quantifying both the

gains from offshore R&D and the overall gains from openness.
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4 Parameterization

The quantitative analysis focuses on the same 37 countries as in Section 2. I parameterize the
model to match the following data: the geographic coefficients estimated in Section 2, statistics
on the firm size distribution, and endowment, income, and openness by country. This section

describes the procedures, starting with functional form assumptions.

4.1 Additional Assumptions

Talent and innovation efficiency distributions. I parameterize the ability distribution for workers
in country i, A;(«), to be log normal, i.e., log(a;) ~ N (i, (7;;2).
I assume firm innovation efficiency is drawn from a truncated Pareto distribution as below:

R

(25) — () +

R
_R—K}

GE(z") = £ )
ZE O_Zo

/ (11)

in which the ZX and Zf are the lower and upper bounds of the support and «~ is the tail parameter
of the distribution, all of which can vary by country.'®
Relationship between z” and zR. I assume that G(z”|zR), the cdf of z” draws for an R&D

center with efficiency zR takes the following form:
G(zP|zR) = Prob(z" € H|zR) - GE(2F) + [1 — Prob(z" € H|zR)] - GE (D), (12)

in which GF;(z) and G! (z") are two distributions (high and low) from which firms draw z’. The

probability of drawing from the high distribution increases in zX:

P R\ __ eXp(50+(51 X ZR)
Prob(z" € H|z") = T+ exp (3 31 X 28)° (13)

dp and d; are to be estimated. A positive J; means that innovative firms tend to be more productive
on average. G%(z”) and GF (z") are both Pareto distributions with different supports but the same
tail index x:

P
z
Gh(z") =1- (2™, 6I") =1- ()", # <z

Specifying G(z"|zR) as in Equation (12) makes the model tractable as it circumvents the need for
numerically integrating over the two dimensional (2P, zR) space (see, e.g. Equation (6) and (7)).

Geographic frictions. I parameterize frictions impeding offshore production and R&D as log

e e =R
18The distribution converges to the Pareto distribution as Z, — co.
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linear functions of various distance measures and a host-specific fixed effect as follows:

log(¢l},) = 5 - 1og(¢h,) + (1—s) -Tog(¢h,), s € [0,1], where
log(¢h,) = (0 # m) - [¢F, + BP" - diston) (14
log(¢l,) = 1(i # m) - [ph, + B - st

(10g(6R) =1(0 # 1) - [¢8 + R - st

el =100 £ 1) exp (g% + it

The first block of Equation (14) defines ¢, the retained production efficiency in country m,
as the geometric average of ¢7 and ¢}, with s capturing relative importance of the two terms.
@b, and ¢! are themselves functions of ¢}, which captures host-specific effects on inward off-
shore production, and bilateral distance measures. As in the reduced-form analysis, four distance
measures are included: geographic distance and indicators for whether the two countries share an
official language, are adjacent, or have a colonial tie. The second block in Equation (14) defines the
retained efficiency and the fixed cost in offshore R&D, ¢X and c&. Through the inclusion of $X and
¢k, the parameterization allows different degrees of openness to foreign R&D by host. Finally,
the indicator functions in these definitions normalize 4)5,,1, (,bfi, 571 to1land cgi to zero for domestic

activities.

4.2 Parameters Assigned Directly

I directly assign values to some parameters of the model and this subsection explains how.

Labor endowment. Because patenting and (especially) trade are by and large a manufacturing
activity, I interpret the model as for the manufacturing industry. I set the number of workers in a
country, L;, to the manufacturing employment of a country, calculated using its total employment
from the Penn World Table and manufacturing share from the World Bank.

Elasticities. The elasticity of substitution between varieties, o, determines markups. I set this
parameter to be 4. This value implies markups of 30%, in line with recent findings using firm-level
data from the U.S. and elsewhere (De Loecker and Eeckhout, 2018). 6 governs the dispersion of

the idiosyncratic Component of affiliate productivity. As Equation (2) suggests, the share of sales

0—(c-1)

0o

devoted to marketing is . According to a recent survey of chief marketing officers in the
U.S.,' firms spend around 8-10% of revenues on marketing. I set = 4.5, so marketing accounts
for 8.3% of sales. This choice of 8 is also close to the estimate off trade flows by Arkolakis et al.

(2018) With 0 and ¢ given, v determines the share of sales spent on developing new varieties
('y o—1)

) which I map to the revenue share of R&D expenses in the data. Compustat U.S. man-

ufacturmg tirms on average spend 4% of sales on R&D. I set v = 0.25 so (ggl) ~ 0.04. After

deducting production cost, marketing, and product development, the remaining component of

sales are the variable profit. Accounting for about 12% of sales, this component covers both the

19See https://cmosurvey. org/about/
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overhead in offshore R&D and the net return to firm knowhow.
Trade costs. I normalize 7, = 1 and assume symmetric trade costs. As shown in Appendix

C.2, the approach of Head and Ries (2001) applies to this model, so we can back out trade costs as:

Zo,i Xoimd Zo,i Xoidm *2179

Tnd — Tdm — ( .
" Y Xoimm Yoo, Xoidd

Although X4 is not observable, the four sums in the expression are observable from conven-
tional input-output tables. I aggregate across manufacturing industries in the World Input Output
Database and pin down bilateral trade costs using this equation.

Knowhow and talent distributions. Calibrating knowhow and talent distributions requires
comparable data across countries. I use the World Management Survey by Bloom et al. (2012) for
the former and the cognitive test score data by Hanushek and Woessmann (2012) for the latter.

The World Management Survey provides firm-level management scores for a number of coun-
tries. In the survey, interviewers rate each firm based on its talent management policy and produc-
tion efficiency along various dimensions. The overall management score for a firm is a summary
of these sub scores and has been shown to be strongly correlated with objective measures of firm
performance (Bloom et al., 2012). The talent management score intends to capture whether firms
follow good management practices for retaining and incentivizing its talent, so it closely maps to
the capacity of a firm in R&D, where talent plays a crucial role. I use it to calibrate innovation
management distributions. I obtain three distribution statistics of ZX for each country: mean, stan-
dard deviation, and skewness, and pick the parameters governing the distribution in Equation
(11) so that the model statistics match their empirical counterparts.”’

I define the production management score to be the average of targeting, operation, and mon-
itoring scores, which captures the efficiency of a firm in carrying out production. With this, I
estimate &y and 61 in Equation (13). Specifically, I classify a firm as being from the high productiv-
ity distribution if its production management score falls into the top 5% of all firms in the sample
(corresponding to about top 12% in the U.S.). I then estimate the relationship between a firm’s
innovation management score and the probability that it is from a high productivity distribution
using the Logit specification implied by Equation (13). This procedure, reported in Appendix C.2,
determines 6y = —5, 5 = 0.21.%2!

For talent distributions, from the test score database I obtain the average cognitive score and

20The talent management score in the data follows a symmetric bell-shaped distribution. Since it is well known
that the firm size distribution has a fat tail, I calculate the three statistics based on the exponent of the original scores,
effectively treating the reported scores as logarithm of actual innovation efficiency. Some countries in quantification are
not covered by the World Management Survey. I impute their statistics based on income and the geographic regions of
countries. Appendix C.1 reports the distribution statistics for management scores.

21 The choice of the top 5% cutoff is motivated by the importance of the right-tail firms in international business. A
high cutoff allows me to better capture the activities of these firms. An implicit assumption in using the Logit regression
to estimate dy and &, is that firms drawing their production efficiency from G (z") constitute the bottom 95% in the
production efficiency distribution, whereas firms drawing from Gg(zp ) constitute the top 5%. This assumption does
not hold strictly because under the Pareto assumption, the supports of G (z”) and G, (z") overlap. Given the choice of
the cutoff (5%), however, the calibrated Zﬁ will be large enough so the overlap is negligible. Figure C.1 in the appendix
plots the probability of a firm drawing from Gg(zp ) against zR for the U.S.
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Table 6: Parameters Calibrated Externally

Symbol Description Value Source

o elasticity of substitution between varieties 4 markup (30%)

0 dispersion of offshore production draws 45 marketing expenditure/sales (8.3%)
0% researcher share of variable profit 0.25 R&D expense/sales (4%)

&0 probability of high production efficiency -5 estimated (Table C.3)

01 dependence of z” on z® 0.21 estimated (Table C.3)

{Tna|lm,d =1,..,N}  trade costs - World Input Output Database
{GE(zR)|o =1,.., N} innovation efficiency dist. - Bloom et al. (2012)
{Ai(0)]i=1,..,N}  talentdist. - Hanushek and Woessmann (2012)
{Lili=1,.,N} labor endowment - World Bank & PWT

the shares of students reaching ‘basic” and ‘top” performance level, which are defined according to
a common standard across countries. I set the distribution of the U.S. to the standard log normal
(ie., uyg = 1, 0f;g = 1), and then determine talent distributions of other countries by matching
their distribution statistics relative to those of the U.S.??

Table 6 summarizes the parameters determined directly.

4.3 Parameters Determined in Equilibrium

The remaining parameters, determined jointly, include production efficiency distribution param-

P zP, and «xp, country-specific productivity, {T,u/m = 1,.., N}, measures of firms in a

eters, z
country {E;Jo = 1,.., N}, frictions to offshore production and R&D, which include bilateral coeffi-
cients {prom, gPim gR, ,Bﬁ}, host-specific components {¢f, pR, ¢pR|i,m = 1,., N}, and the weight
parameter s. I describe the intuition on how each parameter is determined and the numerical
algorithm that recovers them jointly.

Firm production efficiency parameters. Having pinned down the distributions of innovation
efficiency and the way it maps into productivity, governed by Equation (13), parameters in G£ (z")
and G?(z') are the remaining degrees of freedom for the firm size distribution. I normalize z! to
1, and pick gz and «p jointly. xp governs the shape of the firm size distribution at the very top,
while z£; has an influence on the scale of the top 5% relative to the rest of firms. The targets are
the Pareto tail coefficient for the firm size distribution, and the fraction of firms with fewer than
20 and 100 employment. All these targets are based on the U.S. data and will be compared to the
corresponding statistics of the U.S. in the model economy.

Measure of firms. The measure of firms from country o, E,, along with their innovation effi-

ciency, determines the fraction of the world patents invented by firms from o, % I normalize

Eys and chose {E, : 0 # US} so % in the model is aligned with its empirical counterpart.
Country-level efficiency. Given the distributions of firm knowhow and talent, T}, captures the
residual variation in the overall efficiency of country m. I choose T;, so that ’Ii—:; matches the real

228pecifically, in the U.S., 91% and 7.3% students reach ‘basic’ and ‘top’ performance, respectively, which implies
that the cutoffs for basic performance is 0.25 and for top performance is 4.27; the U.S. distribution has a mean of 4.9. I
calibrate pf and ¢ for other countries so that their shares of population above the two cutoffs and their mean scores

relative to that of the U.S. match the data on the L2 norm.
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GDP of country m.

Geographic frictions to offshore R&D and production. I determine the three sets of host-
specific parameters, {¢], R, ¢9R|i,m = 1,.., N}, by matching the openness of a country to inward
offshore R&D (both extensive and intensive margins) and inward offshore production. The mo-
ments that I target are the foreign share of patents invented in a host Lo, ot Vo

Zo Voi
of R&D center counts %, and the foreign share of manufacturing production W The

, the foreign share

empirical counterparts of these moments are aggregated from firm-level data used in Section 2.2,
adjusted as described in Appendix C.1 to address concerns on the data from specific countries.?’
Given {¢F, R, ¢R|i,m = 1,., N}, Iinfer s and {pFo™, pPim BR R} using an indirect-inference
procedure that targets reduced-form estimates from five specifications in Section 2.3 that are most
informative about these coefficients. The first three specifications are Columns 1, 2, and 4 of Table
5, which estimate the headquarter effects for the intensive margin of offshore production, and for
the extensive and intensive margins of offshore R&D. These three regressions help identify ",

2

production of access to R&D centers versus headquarters. I choose two regressions identifying

, and ,ﬁ The remaining parameters, B and s, jointly determine the relative importance in

precisely this as the target. First, Column 6 of Table 5. Controlling for distance to headquarters,
the coefficient for the R&D center indicator conveys information on the importance of access to
R&D. Second, Column 4 of Table 4. This specification controls for the home-host fixed effects and
identifies the effect of being close to sibling R&D centers.”*

To implement the indirect inference procedure, I simulate a sample of 50,000 firms from the
model, with the sample weight of each country equal to its size. I then use this sample to esti-
mate the five regressions aboveingluding the exact same set of controls as in the corresponding
specifications. I choose {pFo™, gPim, ,B?, ,Bﬁ} and s to minimize the L2 norm between regression
coefficients based on the simulated data and those based on the actual data. With 22 target coef-
ficients and 17 parameters, the model is over-identified. In constructing the objective function, I
weight regression coefficients using the inverse of their empirical standard errors, acknowledging
that these coefficients are not estimated with the same precision.

Numerical implementation. I determine the parameters in this subsection using a nested
fixed point algorithm.” In the outermost layer, I choose z; and x to match the moments on

2In keeping with the interpretation of the model as for manufacturing, I keep only firms whose parents are in
manufacturing (based on their core industry) in calculating countries’ shares of production/R&D carried out by for-
eign firms. Because manufacturing firms can have non-manufacturing affiliates, my calculation of foreign shares (e.g.
Yoo,02m Yom/ Lo Yom) will include these affiliates. The rationale for this choice is that non-manufacturing affiliates might
support other parties within the firm, in which case it is more appropriate to view them as part of the core business. I
note that this choice does not automatically inflate Zolo#m Yom /Yo Yom because non-manufacturing affiliates of domes-
tic manufacturing firms are also counted, so the numerator and denominator are consistently defined. An alternative
choice is to calculate ZO/O#WZ Yom /Yo Yom using all manufacturing affiliates, without regard to the industry of the parent.
This alternative givesv_er)y similar foreign shares so it will not affect the quantitative findings substantively.

24Note that s and g7 can be separated because I have imposed that the weights of ¢P and ¢f, sum to one. I do

not target the regressions with patent counts as the explanatory variable because these regressions use much smaller
samples and are more susceptible to the attenuation bias.

% An often used alternative is to cast the entire procedure as a constraint optimization problem, with all equilibrium
conditions and the set of just-identified moments being the constraint. This alternative is not suitable here because
each evaluation of the constraint optimization problem requires estimating firm-level regressions, which is costly given
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Table 7: Parameters Calibrated in Equilibrium

Parameter and value Description Moment Model Data
A. Firm size dist. parameters

;E = 1 (normalized) % of firms with emp.<100 0.99 0.99
zh = 2.01 Firm zP draws % of firms with emp.<20  0.94 0.95
x’ =6.15 Power law coefficient 1.05 1.05

of firm size dist.

B. Country-specific parameters and fixed effects

{Twlm=1,..,N} country-specific man. TFP {p Zn } -

{E;Jo=1,.,N} measure of domestic firms {EZ’ S - Columns
0,1 oi 1_ f

{¢P|m =1,.,N} host effect in production {Zﬂznf”;m =} i Ta?bloe

{¢rli=1,.,N} host effect in R&D { "Zﬁ}f‘“ - c1

{pRli=1,.,N} host effect in R&D overhead { % ”#’ R } -

C. Bilateral Geographic Coefficients

S:'O.82 (P(l)jlm - (‘le)s (4)(1731?1)175

distance lang  border colony — reduced-form estimates Table Table

-0.063 0.014 0.045  0.022 prim on colocation and C4 C4

-0.032 0.038 0.022 0.054 prom headquarter effects Panel B Panel A

-0.061 0.17 0.043 0.026 ,B?

0.12 0027 -010  -0.005 pek

fi ize. In the middle 1 I search over the space of {m grin gk pek and s to minimize
irm size. In the e loop, I search ove p prem, g, B, BER

difference in regression coefficients. In the innermost loop, I solve for the competitive equilibrium,
while choosing {T,u|m = 1,..., N}, {Eolo = 1,.., N}, and{¢}, R, ¢R|i,m = 1,.., N} to match their
respective targets described above. Once the innermost loop is completed, I simulate the model to
obtain regression coefficients to feed into the middle loop. Appendix C.4 provides details on the
implementation of the algorithm.

Parameter values and model fit. Table 7 summarizes the results from this procedure. Panel A
is the parameters determined in the outermost loop: z£; = 2 and x” = 6.15. The model matches
closely the three moments of the U.S. firm size distribution. Panel B is the country specific parame-
ters that are matched perfectly by design in the innermost layer. The target values of the moments
are reported in Appendix Table C.1.

Panel C of Table 7 reports the coefficients governing the costs of offshore R&D and production.
I find s = 0.82, meaning that proximity to the R&D team is more important than proximity to
the headquarters. This reflects the colocation pattern seen in the data. All geographic coefficients
have expected signs. In line with the heterogeneous headquarter effect_sc}ocumented before, the
distance coefficients are different between R&D (") and production (BP°™). For example, sharing
an official language with the headquarters increases official R&D efficiency by 17% but increases
offshore production efficiency by only 3.8%. Appendix Table C.4 reports the model and data
moments for parameters in Panel C side by side. It shows that the model fits data well: all but

three of the 22 coefficients are within the 95% confidence intervals of empirical estimates.

that a large number of firms are simulated, and many fixed effects are included. The nested approach circumvents this
problem because it only runs these regressions for when the innermost loop is satisfied.
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Table 8: Fit of Non-targeted Moments

Additional moments on firm size in U.S. Model Data
Fraction of firms with emp. < 10 0.91 0.90
Share of emp. in firms with emp. > 500 0.611 047
Share of R&D by parents of MNCs 0.84 0.79
The efficiency advantage of foreign affiliates

Foreign affiliate advantage 0.21 0.15
coefficient of variation across countries 1272 1.158
correlation with host log GDP per capita -0.11 -0.25
Entry into Offshore R&D

% of firms with R&D centers in 1 country 93.5 95.3
2 countries 1.9 2.7

3 countries 0.7 0.6

4 countries 0.6 0.3

5 countries 0.3 0.3
>= 6 countries 3.0 0.7

4.4 Validation using Non-targeted Moments

I evaluate the fit of the model on non-targeted moments in Table 8.

Employment and R&D concentration. The upper panel reports additional statistics on firm
size. In the data, 90% of firms have fewer than 10 employees and 47% of employment are in firms
with more than 500 employees. The model matches the former well and over predicts the latter.
In 2014, about 79% of the business enterprise R&D in the U.S. is conducted by parent firms of U.S.
MNC:s. This share is slightly higher in the model.

The multinational managerial advantage. In the model, firm knowhow, disciplined using
management scores, is the main source of firm heterogeneity. Self-selection by knowhow into
offshore R&D implies that foreign affiliates tend to have higher management scores than indige-
nous firms and that this advantage is larger in low-income host countries populated with poorly
managed firms.

To validate these implications quantitatively, I calculate the foreign affiliate managerial ad-
vantage for each country, defined as the percentage difference between the average innovation
efficiency of foreign affiliates and that of indigenous firms, and compare this measure to their
empirical counterparts, constructed using the World Management Survey. As the middle panel
of Table 8 shows, the predicted average foreign affiliate management advantage and its cross-
country variations are both similar to those in the data. In addition, both the model and the data
show a negative correlation between this measure and host income.

Offshore R&D entry. In the lower panel of Table 8 are the shares of firms with R&D centers
in different numbers of countries. The model fits the data reasonably well except for the share
of firms entering more than 6 countries: with all firms from a country facing the same offshoring
entry cost, the most efficient firms in the model tend to enter more countries than in the data.

Bilateral offshore production and R&D. The calibration matches the overall inward offshore
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Figure 4: The Fit of the Model on Aggregate Moments
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R&D shares (log( ZZ/O(,M ), respectively. The right panel shows the fit of the model in log high-skill occupation shares. The vertical axis
islog(1 — A;(8;)); the horizontal axis is log of the share of researchers in industrial employment obtained from the OECD.

R&D and production of each host by design, but when it comes to bilateral offshore production and
R&D, the only information being used is the coefficients identified from within-firm variations. I
assess whether the model matches the data on bilateral offshore production and R&D shares.
Figure 4a and Figure 4b plot model-predicted log bilateral offshore production and R&D shares
against their data counterparts. Both figures show a close fit, except for some country pairs on the
left end, which have very small values in the data.

Occupation shares. By matching R&D by headquarter country of firms and the real income
by country, my calibration indirectly disciplines the shares of national income from high-skill
occupations and other sources. Whether the implied sources of income translate into a reasonable
occupation distribution of workers boils down to if the log normal distribution, parameterized
to match cognitive test scores, is a good approximation to the reality. As a validation of these
assumptions, Figure 4c plots the share of workers sorting into high-skill occupations against the
share of researchers in industrial employment from the OECD. The range of variation in the data
is larger than in the model, likely because the definition of skill in the data is narrower. Despite

this difference, the correlation between the two variables is quite high.

4.5 Evaluating the Two Motives of Offshore R&D

I evaluate the quantitative relevance of the two driving forces of offshore R&D, arising from the
relative abundance in talent and market access of the host, respectively. To this end, in a set of
experiments, I change either the measured distributions of talent and knowhow, or the market
access, of a country. To isolate the impacts of changes in other countries, I change parameters for

one single country at a time, keeping parameters of all other countries at the benchmark values.
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Figure 5: The Role of Endowment Distributions
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The role of endowment distributions. I first quantify the role of relative talent endowment.
For each host, I separately set the location parameters for its talent and knowhow distributions,
ui and ZX, to their respective mean values among the sample countries, 7, and ZR.

Figure 5a plots the change in inward offshore R&D for each country after its talent quality
parameter !, is changed to the world average. Countries with ui, < 7, e.g. Brazil, see a surge
in inward offshore R&D in response. Intuitively, as the domestic talent distribution improves,
both domestic and foreign firms increase R&D in the host. The increase in the R&D of foreign
firms is larger because more of them can now make enough profit to recoup the fixed entry cost.
The change in inward offshore R&D correlates strongly with the improvement in talent in the
experiment. According to the fitted line, a 0.2 increase in the horizontal axis, or 15% of the sample
range, increases inward offshore R&D by around 10 p.p.

Figure 5b shows the change in offshore R&D shares as we set ZX to the world average, ZR,
Countries with a high ZZR, e.g., the U.S., experience an increase in inward offshore R&D. As do-
mestic firms in a country become less competitive, its wage decreases and price increases, making
the country more attractive to foreign entrants. This channel is quantitatively significant as well.
According to the fitted line, increasing the horizontal axis by 1, roughly a quarter of the sample
range, would decrease inward offshore R&D by 12.5 p.p.

The role of host country market access. In the model, foreign access consists of two compo-
nents: access to foreign consumers through exporting and access to foreign manufacturers through
offshore production. I consider their separate and joint impacts.

In the first experiment, I increase the export cost of host m, 7,5, m # d, to infinity. This shuts
down the direct access to foreign consumers of a host. The shares of R&D by foreign firms in

this scenario are reported under Column 2 of Table 9, which shows an across-the-board increase
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Table 9: The Determinants of Offshore R&D

Eliminate Access to Eliminate Access to

Country Benchmark Consumer Producer Both ‘ Country Benchmark Consumer Producer Both

) 2 ®) (4) ) @ ®) (4)

AUS 39.77 56.10 25.43 25.37 IRL 73.60 76.24 20.43 15.92
AUT 45.51 68.22 2.50 2.46 ITA 43.88 59.84 29.33 29.26
BEL 58.91 78.93 1.88 1.88 JPN 2.29 2.38 1.39 1.39
BGR 19.01 30.40 8.60 8.60 KOR 6.57 8.42 2.56 2.52
BRA 57.57 68.02 47.72 47.72 LTU 20.30 47.57 6.51 6.51
CAN 52.21 57.17 34.08 33.48 LVA 6.04 8.41 2.58 2.58
CHE 41.60 47.11 8.46 7.74 MEX 54.99 66.42 48.31 48.29
CHN 41.48 50.15 34.41 34.41 NLD 30.27 41.38 0.00 0.00
CZE 27.26 70.16 7.03 7.03 NOR 31.65 43.33 0.00 0.00
DEU 28.20 32.40 18.51 18.32 POL 14.63 50.67 2.24 2.24
DNK 38.45 63.29 0.56 0.46 PRT 26.22 52.65 2.79 2.79
ESP 22.10 42.92 3.57 3.60 ROU 53.45 72.33 40.15 40.15
EST 28.51 85.51 14.43 14.43 RUS 11.59 26.06 0.96 0.96
FIN 2492 36.99 0.65 0.65 SVK 28.39 79.59 10.42 10.42
FRA 26.60 30.38 16.79 16.62 SVN 17.29 69.91 6.86 6.86
GBR 62.96 7213 32.72 31.56 SWE 43.25 55.57 3.15 3.11
GRC 50.08 64.55 31.43 31.43 TUR 20.11 33.97 3.93 3.93
HRV 53.37 76.34 32.06 32.06 USA 15.77 15.91 10.82 10.80
HUN 55.81 79.43 44.66 44.66

Notes: The numbers reported in this table are the share of domestic R&D expenditures incurred by affiliates of foreign
companies in each country. All numbers are in percent. ‘Benchmark’ is for the baseline equilibrium; ‘Consumer” is
for when the access of a host to foreign consumers through exporting is shut down; “Producer’ is for when the access
of a host to foreign producers through offshore production is shut down; ‘Both” combines changes in ‘Consumer” and

‘Producer’ for each country.

compared to the baseline (Column 1).

This result might be surprising at the first glance, given the following partial equilibrium in-
tuition: eliminating access to foreign consumers reduces the return to doing R&D in a host, which
should reduce the entry of MNCs. This direct channel is dampened because, unable to export,
firms can still serve foreign consumers by offshoring production to other countries. Moreover,
a general equilibrium effect kicks in: the reduction in export lowers production wages, pushing
marginal workers into R&D, which makes the country more attractive for R&D. An increase in
export costs of a host thus has a similar effect to a decrease in its production efficiency, which
strengthens its comparative advantage in innovation.

The second experiment increases the cost of offshore production from an R&D host country to
infinity (by setting ¢>. = 0,m # i), so inventions in i, by both domestic and foreign firms, can be
produced only locally. Column 3 of Table 9 shows that, most countries experience a decrease in
offshore R&D from the baseline equilibrium. Unlike in the previous experiment, here the general
equilibrium effect acts in the same direction as the partial equilibrium effect: when the option
of offshore production is eliminated, R&D centers in the host countries have to produce locally
to serve both foreign and domestic customers, which increases wages, making the country less
attractive for R&D. An increase in offshore production costs can therefore be viewed similarly to a
reduction in R&D innovation efficiency of a country, which strengthens its comparative advantage

in production.
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I shut down both types of market access simultaneously (Column 4). The resulting foreign
Ré&D shares are much smaller than when only export is shut down (Column 2), because when
offshore production is infeasible, countries can no longer specialize in innovation. On the other
hand, without this specialization channel, the partial equilibrium effect of export on offshore R&D
matters little: barring a few exceptions, Columns 4 is essentially the same as Column 3.

These experiments show that when calibrated to match the data, the two main forces incorpo-
rated in the model are quantitatively important. The difference in partial and general equilibrium

intuition also underscores the value of the quantitative multi-country model.

5 Measuring the Role of Offshore R&D in Production and Income

I use the model for two purposes. The first is as a measurement device to infer the role of offshore
R&D in firms’ global organization of production, and the contribution of offshore R&D to national
income. Both aspects have broad policy relevance, but neither are directly observable.
Distribution of manufacturing by R&D modes. Columns 1 through 4 of Table 10 decompose
R&D by its source (whether done by local firms) and use (whether for local production). Columns
1 and 3 are the shares of R&D by domestic and foreign firms, calibrated to match the data.
Columns 2 and 4 are inferred through the lens of the model. The second column is the share
of R&D done by domestic firms at home for local production, measured by the revenue of the
, % These shares average 82.9%, reflecting that it is costly to sepa-

rate production from the headquarters and the R&D center at the same time. The fourth column

varieties developed, i.e.

reports the local production share of varieties developed by foreign affiliates. On average, 70% of
foreign R&D leads to offshore production in the same host.”® The shares vary across host. Figure
6a plots this share for each host against its average manufacturing cost, approximated by log( ‘% ).
It shows that offshore R&D in low-income countries are more likely to lead to local production
than that in high-income countries.

Policy makers around the world extend generous R&D credits to foreign firms. The relatively
high concentration of production around R&D sites in most hosts implies first, intended or not,
such policies have an indirect effect in attracting manufacturing of foreign firms. Conversely,
policies or changes in economic fundamentals that lead to the relocation of production to emerging
countries can result in a reshuffle of R&D across countries as well.”

Offshore R&D and the sources of national income. Offshore R&D enables firms to apply their
knowhow globally and shape the sources of income for all. Columns 5 to 9 decompose the income

of a country into manufacturing production, profit (total and that from overseas inventions), R&D,

26That the majority of affiliate R&D is conducted for local production is consistent with Bilir and Morales (2020).
Using a different data set (American MNCs) and a different approach (production function estimation), they find that
R&D in an affiliate mostly applies to the affiliate itself and has limited spillovers on sibling affiliates.

?’Making a host more attractive in offshore production can have direct and indirect effects on offshore R&D. The
direct effect works to attract offshore R&D as firms can now produce alongside the R&D centers more easily; however,
this also pushes the country to specialize in production, which could crowd out inward offshore R&D through a general
equilibrium effect. Appendix C.3 investigates this possibility and shows that the net effect is ambiguous and depends
on country characteristics.
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Table 10: Decomposition of R&D and Sources of Firm Profit

Source and use of R&D ‘ Source of income (% of total income)
% by domestic firms ‘ % by foreign firms ‘ mfg. profit R&D mkt.
% of local % of local total inventions

Country prod. prod. abroad
1) (2) 3) 4) 5) (6) ) (8 )
AUS 60.2 87.3 39.8 73.5 82.6 6.4 0.24 2.6 8.3
AUT 54.5 78.8 455 60.1 82.1 6.8 0.44 2.7 8.3
BEL 41.1 63.6 58.9 459 85.0 4.6 0.72 2.0 8.3
BGR 81.0 97.2 19.0 87.4 79.2 9.2 0.01 3.2 8.3
BRA 424 97.4 57.6 84.1 76.6 10.6 0.01 45 8.3
CAN 47.8 84.9 52.2 67.1 75.5 11.9 2.37 4.3 8.3
CHE 58.4 71.3 41.6 50.3 74.1 13.2 2.16 44 8.3
CHN 58.5 95.0 415 74.3 76.7 10.2 0.00 4.8 8.3
CZE 72.7 92.7 27.3 80.7 83.8 5.7 0.01 2.2 8.3
DEU 71.8 70.5 28.2 59.4 76.9 11.2 1.69 3.6 8.3
DNK 61.6 66.5 38.4 449 79.3 9.6 2.40 2.8 8.3
ESP 77.9 90.8 22.1 79.5 81.4 7.6 0.09 2.7 8.3
EST 71.5 93.2 28.5 754 82.3 6.9 0.05 2.4 8.3
FIN 75.1 73.0 24.9 47.6 73.0 14.2 2.23 4.5 8.3
FRA 73.4 71.0 26.6 55.8 76.4 11.6 1.39 3.7 8.3
GBR 37.0 46.8 63.0 39.0 83.9 5.4 1.99 2.4 8.3
GRC 499 97.3 50.1 87.5 779 10.1 0.02 3.7 8.3
HRV 46.6 98.3 53.4 90.4 78.5 9.5 0.00 3.6 8.3
HUN 44.2 97.7 55.8 89.2 80.4 7.2 0.00 4.0 8.3
IRL 26.4 47.3 73.6 325 70.5 17.5 12.24 3.7 8.3
ITA 56.1 929 439 80.9 78.2 94 0.14 4.1 8.3
JPN 97.7 83.9 2.3 68.0 72.1 15.1 1.75 4.5 8.3
KOR 93.4 90.0 6.6 75.6 74.4 13.1 0.65 4.2 8.3
LTU 79.7 94.8 20.3 81.3 81.3 7.7 0.11 2.7 8.3
LVA 94.0 97.2 6.0 86.0 80.3 8.5 0.01 2.9 8.3
MEX 45.0 98.9 55.0 94.7 76.9 10.7 0.01 4.1 8.3
NLD 69.7 14.9 30.3 12.3 80.5 9.0 3.60 2.2 8.3
NOR 68.3 68.9 31.7 45.1 67.7 20.4 11.80 3.5 8.3
POL 85.4 92.1 14.6 80.9 81.6 75 0.11 2.5 8.3
PRT 73.8 949 26.2 83.0 81.3 7.7 0.01 2.7 8.3
ROU 46.5 98.5 53.5 944 84.3 5.1 0.00 2.3 8.3
RUS 88.4 91.7 11.6 81.6 79.1 94 0.06 3.2 8.3
SVK 71.6 94.5 28.4 82.8 85.1 4.8 0.02 1.7 8.3
SVN 82.7 94.7 17.3 79.5 79.7 8.9 0.02 3.1 8.3
SWE 56.7 749 43.3 53.8 779 9.7 0.78 4.0 8.3
TUR 79.9 97.9 20.1 89.3 75.4 12.0 0.00 4.2 8.3
USA 84.2 67.6 15.8 58.3 66.0 20.8 7.65 49 8.3
Mean 65.6 82.9 | 344 695 | 783 100 15 34 83

Notes: All numbers are in percent. Columns 1 and 3 report the source of R&D, i.e., whether it is by domestic firms
(Column 1) or foreign firms (Column 3). Columns 2 and 4 report the fraction of R&D devoted to local production.
Columns 5 to 9 decompose the fractions of income of a country from different activities: manufacturing production,
profit (total and that accrued from products developed offshore), R&D, and marketing.
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Figure 6: The Use of Offshore R&D and Its Influence on Income Compositions

(a) Local Production Share for Inward R&D (b) Ratio Between Profit and R&D Income
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Notes: The left panel plots the share of inward offshore R&D devoted to local production against log average production cost. The
right panel plots the ratio between profit and researcher income against the relative abundance of firm knowhow, measured as log of
the ratio between the stock of firm knowhow and the stock of worker ability. The stock variables are constructed as the product of the
measures of firms (workers) and their mean knowhow (ability).

and marketing. In autarky, the sources of income are the same across countries. In the open
economy, while marketing expenditures still account for a fixed share of income, the importance of
other sources are altered by firms’ global operations. In particular, advanced countries populated
with the most efficient firms tend to earn a higher share of income from profit. For instance,
profit accounts for 21% of income in the U.S., more than a third of which is from overseas R&D
centers—an important part of the U.S. knowhow only realizes its value through offshore R&D.
In contrast, only 5% of income in Slovakia is from profit and almost all of it is generated from
varieties invented domestically. This finding has implications on valuing the intangible assets of
nations’.

The relative abundance of a country in knowhow versus talent governs the incentive for off-
shore R&D, thus having a direct impact on the compositions of income, especially the relative
share of profit and R&D income. Without offshore R&D, the ratio between profit and R&D in-
come is % (= 3); in the baseline economy, this ratio instead ranges from 1.7 to 6. Figure 6b plots
this ratio against the relative abundance in knowhow. Countries relatively more abundant in firm

knowhow derive a higher share of income from profit than from R&D.

6 Welfare Implications

The descriptive analyses show that offshore R&D is an integral part of firms” global production
decisions and has a first-order impact on the income distribution for all. In this section, I conduct

counterfactual experiments to uncover its normative implications.

37



6.1 Offshore R&D, Bridge R&D, and the Gains from Openness

I examine the gains from various forms of economic integration by eliminating each channel from
the model separately. I define the gains from offshore R&D as the increase in the aggregate real
income of a country ()15—;) as the economy moves from the equilibrium where offshore R&D is
prohibitively inefficient (¢R = 0,7 # 0) to the baseline equilibrium; I define the gains from trade
and offshore production analogously. I then compare the gains from these individual channels to
the gains from openness.

The impact of offshore R&D. The first column in Table 11 is the gains from offshore R&D. The
simple average across countries is 3.3%, roughly the same as the gains from trade. This average,
however, masks important heterogeneity. While all countries are better off with offshore R&D,
advanced countries enjoy substantially higher benefits than emerging economies.

The heterogeneity arises because with offshore R&D, advanced countries are getting a bigger
slice of the innovation rent. As discussed in Section 5, offshore R&D increases the profit of the
headquarters and the income of researchers in the host. Advanced countries, being main own-
ers of firm knowhow and also generally more open to inward offshore R&D, benefit more from
both sources. I measure the combined importance of these two sources using the share of total
innovation rent—the sum of profit and researcher income in a country—that is generated through
offshore R&D, i.e., the income of domestic researchers working at foreign affiliates plus the profit
of domestic firms from overseas R&D. Figure 7a shows this measure explains most variations in
the gains from offshore R&D.

I also calculate an equilibrium in which firms can carry out R&D abroad, but only to develop
products to be manufactured in either the same host or the home country. This rules out overseas
R&D dedicated to production in other foreign countries. Comparison between this equilibrium
and the baseline economy gives the gains from ‘bridge R&D,” reported in Column 2. For hosts
where foreign R&D is mostly for local production, e.g., Mexico and Brazil, the gains from ‘bridge
R&D’ are a small fraction of the gains from offshore R&D. For other countries, ‘bridge R&D’ is
relatively more important, either because as hosts of foreign R&D centers, these countries have
many inventions being manufactured in third countries (the case of the Netherlands, the U.K.),
or because they are important manufacturing bases for bridge R&D conducted in surrounding
countries (the case of Latvia, Poland).

Interaction among the three forms of globalization. Columns 3 and 4 report the gains from
trade and offshore production, respectively. As expected, small countries close to major markets
(e.g., Belgium) gain more from both channels, whereas large and remote countries (e.g., Brazil)
gain less. Column 5 is the gains from openness, which average 15.6%.

We can understand the interaction among the three forms of integration by comparing the
sum of the gains from these individual channels to the gains from openness. If the former is
larger, it means the benefit of further openness is greater once a country is already open in other
dimensions, so the three channels are complements for welfare; conversely, the three channels are

substitutes.”® 1 use as a measure of complementarity the ratio between the sum of gains from

ZBNote that the gains from individual channels are calculated from the calibrated equilibrium with the other two
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Table 11: Offshore R&D and the Gains from Openness

Baseline model Re-calibrated Alternative models

Offshore R&D No Off. R&D s =0 (or ¢%; = ¢P)
Country All Bridge Trade Off. prod. Openness Openness Off. R&D Openness
® (2) 3) 4) (5) (6) (7) (8)

AUS 2.76 1.95 0.62 7.98 11.29 9.08 1.73 14.15
AUT 2.81 2.70 4.02 10.14 17.38 15.27 4.24 23.97
BEL 4.84 4.51 5.60 21.09 33.83 27.60 3.99 39.40
BGR 0.64 0.54 2.79 2.26 6.07 5.90 13.14 22.26
BRA 0.68 0.18 0.71 0.79 2.19 1.58 7.04 10.43
CAN 4.14 1.82 3.74 5.55 11.98 8.08 10.97 26.11
CHE 2.98 1.86 4.59 9.06 15.77 13.66 6.54 25.81
CHN 0.93 0.12 0.50 1.14 2.70 1.89 1.89 5.31
CZE 2.14 2.03 3.68 6.65 14.05 12.88 6.64 23.76
DEU 2.96 1.64 4.40 10.10 17.00 15.19 4.12 23.19
DNK 4.64 3.44 4.35 13.88 22.88 19.62 6.02 32.12
ESP 1.41 1.26 1.43 5.55 8.70 8.23 523 15.94
EST 1.47 1.39 3.79 543 11.74 11.45 8.60 24.33
FIN 2.69 1.71 4.73 8.53 14.79 13.13 4.66 22.72
FRA 2.14 1.48 3.48 9.61 14.79 14.14 3.65 21.01
GBR 7.61 5.09 1.66 29.72 41.85 26.80 3.43 43.36
GRC 0.53 0.36 1.41 1.56 3.65 3.39 14.42 20.54
HRV 0.79 0.54 2.13 1.41 4.54 3.95 18.59 27.01
HUN 2.89 1.07 6.04 2.20 11.33 8.21 13.62 31.55
IRL 22.01 8.36 9.02 22.05 56.77 24.89 13.57 72.34
ITA 1.40 0.72 223 271 6.20 4.96 8.74 17.49
JPN 1.85 0.81 212 4.82 7.41 6.24 3.46 13.89
KOR 0.81 0.43 2.53 293 5.58 526 4.79 13.03
LTU 1.26 1.14 3.22 4.58 9.49 9.16 12.03 26.43
LVA 0.71 0.72 2.95 3.06 7.21 7.27 14.13 25.56
MEX 0.66 0.20 2.08 0.77 3.35 2.79 13.67 18.58
NLD 8.02 6.42 6.07 60.05 82.57 75.21 1.80 74.61
NOR 16.90 5.18 7.13 11.08 34.09 15.17 21.74 56.21
POL 1.24 1.27 2.37 5.48 9.63 9.63 8.05 20.88
PRT 1.13 1.10 1.39 4.34 7.26 7.01 7.49 17.06
ROU 3.08 1.23 0.84 3.80 10.70 7.70 11.71 31.54
RUS 0.68 0.69 1.23 3.60 5.78 5.93 5.08 12.73
SVK 2.26 2.29 4.29 8.31 17.03 16.59 8.85 32.58
SVN 0.71 0.66 3.78 3.13 8.10 8.10 9.88 20.88
SWE 2.38 2.10 4.34 8.79 14.84 13.09 1.70 18.80
TUR 0.12 0.09 1.78 0.69 2.45 2.44 14.11 17.72
USA 9.11 2.81 5.18 9.64 22.44 12.70 4.81 26.58
mean 3.34 1.89 3.30 8.45 15.61 12.28 8.22 26.21
std 4.42 1.84 1.92 10.60 15.97 12.32 4.93 14.64

Notes: All numbers are in percent. Columns 1 to 5 reports the gains from offshore R&D, offshore bridge R&D, trade,
offshore production, and openness, respectively. Column 6 reports the gains from openness in a restricted model with-
out offshore R&D, calibrated to match the same patterns of trade and offshore production as in the baseline equilibrium.
Columns 7 and 8 report the gains from offshore R&D and openness for a re-calibrated model that assumes that s = 0,
in which case there is no colocation
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Figure 7: The Gains from Offshore R&D and Interaction with Trade and Offshore Production
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from openness. The horizontal axis is the share of purely domestic innovation rent (profit and researcher income generated without
foreign engagement) in total income.

individual channels and the overall gains from openness. This ratio, plotted in the vertical axis of
Figure 7b, shows that the three channels are complements for some and substitutes for others.

This difference is due to the specialization of countries in the world economy. Trade and off-
shore production allows some countries to specialize in R&D and others in production. With
efficient firms mobilizing innovation knowhow globally, offshore R&D increases R&D capacity
in all countries. This enhances the comparative advantage of countries specializing in innova-
tion but—as foreign R&D centers bid up domestic wages—weakens the comparative advantage
of those specializing in production. As a result, the three channels are complements for the former
group of countries and substitutes for the latter group of countries.

I use as a proxy for the comparative advantage of a country in innovation the share of its
income from the rent created by purely domestic innovation, i.e., the profit and researcher income
from varieties developed by domestic researchers with domestic firms only. This proxy captures
the comparative advantage of a country in innovation, stemming from both firm knowhow and
talent distributions. Figure 7b shows that this proxy is strongly correlated with the degree of
complementarity /substitution of the three channels for countries.

Impact on the gains from openness. To assess the importance of incorporating offshore R&D
for inferring the gains from openness, I calculate the gains from openness in a restricted model

without offshore R&D, calibrated to match the same trade and offshore production data as in the

channels both present. If the sum of individual channels is larger than the gains from openness, it means for at least
one of the channels, the effect of integration is larger when the other two channels are already present.
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Figure 8: Geographic Frictions and the Gains from R&D and Openness

(a) Setting s = 0 redistributes the gains from off. R&D (b) Setting s = 0 amplifies the gains from openness
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Notes: The horizontal axis in both panels is log of effective production cost in a country. The vertical axis is log of the ratio between
the gains in the alternative model with s = 0 and the gains in the baseline model. The left panel focuses on the gains from offshore
R&D; the right panel focuses on the gains from openness.

baseline equilibrium. Column 6 of Table 11 shows that this experiment generates 12.3% average
gains from openness.

Comparison between Columns 5 and 6 suggests that offshore R&D amplifies the gains from
openness by a factor of 1.3 (15.6/12.3) on average. This amplification differs significantly across
countries. Advanced countries making substantial profit from offshore R&D see the biggest in-
crease in inferred gains. For example, the inferred gains from openness of the U.S. almost double
when offshore R&D is incorporated. For emerging countries, the amplification is generally smaller
and could be slightly negative (e.g., Russia). The uneven changes between the baseline and re-
stricted models further underscore the importance of incorporating offshore R&D—its omission
not only underestimates the gains from openness, but also biases the comparison of the gains
across countries.

The role of geographic frictions. In the model, the cost of offshore production is specified
as a combination of distance to headquarters and distance to R&D centers. My estimates suggest
s = 0.82 and implies on average 70% of R&D in offshore centers is devoted to localized production.
Now I show that the value of s, which I discipline carefully using firm-level data, is crucial for
correctly inferring the welfare gains.

To this end, I calculate the gains from R&D and openness in a re-calibrated model with s = 0,
under which a higher fraction of offshore R&D is conducted for production at the headquarters.
The last two columns of Table 11 report the results. The average gains from offshore R&D in-
crease to 8.2% from the benchmark value of 3.3%, but the increases are concentrated in emerging
countries. In fact, the gains from offshore R&D for the U.S. shrink by almost half.

The difference arises because the baseline model infers R&D as mostly for production in host
countries, which competes with local firms for manufacturing workers and the product market,
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whereas the alternative model infers it as mostly for headquarter production, which competes
with other firms from the home country. Because developing countries with lower production
costs have a higher local production share of inward offshore R&D, moving to the alternative
model with s = 0 leads to a more significant reduction in the competition faced by their domestic
firms. This in turn results in a larger increase in the inferred gains from offshore R&D. The op-
posite is true for developed countries. Figure 8a plots the log change in gains from offshore R&D
from the baseline to the alternative model with s = 0 and shows that indeed it is the countries
with higher effective production costs that see the inferred gains from offshore R&D decreased.

Figure 8b shows that the negative slope continues to hold for the changes in the gains from
openness from the baseline to the alternative model. Different from the gains from offshore R&D,
however, the change are positive for almost all countries. This across-the-board increase in the
inferred gains occurs because the alternative model implies a higher degree of integration through
offshore production. Recall that in calibration I match by country the inward offshore production
share, %, an important part of which is accounted for by varieties developed locally by
foreign R&D centers. The alternative model, in which more offshore R&D is for production at the
headquarters, matches the same % by allowing for more offshore production, increasing
the openness of the economy and hence generating higher gains for all.

Taking stock, these counterfactual experiments demonstrate that offshore R&D represents a
new and quantitatively important channel through which countries benefit from globalization.
It is a substitute for trade and offshore production for poor countries but a complement for ad-
vanced countries. Furthermore, the nature of offshore R&D—whether the inventions are devoted
to production in the host or elsewhere—matters for the gains from offshore R&D and openness.
This shows the importance of disciplining the model using firm-level data.

6.2 Implications for the Global Incidence of FDI and R&D Policies

Most existing quantitative research on MNCs does not differentiate policies on offshore R&D and
offshore production. Yet policy makers usually have at their disposal instruments that specifically
target each of these two activities. I examine whether not differentiating R&D and production is
an important restriction for practical policy evaluations. As an example, I focus on two forms of
FDI liberalization among emerging countries, which has gained significance in the past decade.

Integration among emerging countries. I first consider a reform eliminating the overhead
cost for offshore R&D between a set of emerging countries, including Brazil, China, Hungary,
Mexico, Poland, Russia, Romania, and Turkey. In practice, this reduction in cost can take the
forms of speedier approval of entry, subsidized land, or tax credits for the upfront investment
in R&D. The first column of Table 12 reports the results. Not surprisingly, this policy benefits
emerging countries. Yet their benefits are at the expense of developed countries, whose overseas
R&D centers in emerging countries have to face tougher competition after the policy.

The second experiment is liberalization in bilateral offshore production, which increases ¢!
by 20% between the set of emerging countries. I focus on the different distributions of the welfare

gains across countries, rather than the level of welfare gains, because these two types of liberaliza-
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Table 12: Implications for FDI and R&D Policies

FDI Integration Among Emerging Economies Higher U.K. R&D Efficiency

off. Prod. w/o

Country off. R&D off. Prod. off. R&D Baseline w/o off. R&D
(1) (2 3) 4) ()
BRA 0.9 1.1 0.8 0.0 0.0
CHN 1.1 1.2 1.3 0.0 0.0
HUN 8.1 9.1 4.2 0.0 0.0
MEX 0.7 1.9 0.8 0.0 0.0
POL 1.6 7.9 3.9 0.1 0.0
ROU 10.0 19.8 10.3 0.1 0.1
RUS 2.5 4.7 2.7 0.0 0.0
TUR 1.0 1.5 0.9 0.0 0.0
DEU -0.1 0.3 -0.1 0.0 0.0
FRA -0.1 0.3 -0.1 0.0 0.0
GBR 0.0 0.3 -0.1 53 5.7
NLD 0.0 0.8 -0.2 0.4 0.2
JPN -0.1 0.5 -0.2 -0.1 0.0
USA -0.6 14 -0.3 0.1 -0.1
mean (all) 0.5 1.4 0.6 0.2 0.2

Notes: The first two columns show that offshore R&D and production policies between the same set of countries have qualitatively
different incidences on the rest of countries. Comparison between Columns 2 and 3 shows that the same offshore production policy
has different effects when offshore R&D is overlooked. The last two columns show that the spillover effects on the rest of the world of
an increase in R&D efficiency in UK. are different if offshore R&D is overlooked.

tion do not necessarily have the same administrative burden or fiscal costs. As shown in Column
2 of Table 12, emerging countries still gain significantly, but differently from the first experiment,
major developed countries are also better off—thanks to their presence in the emerging countries
through offshore R&D, countries like the U.S. benefit from an increase in the profit of the varieties
they develop there. These two experiments demonstrate that openness to R&D and production
could have qualitatively different third country effects. This point is important for multilateral
investment treaties, which often cover investment in intellectual properties.

Because of the within-firm linkages between trade and production, and offshore R&D, incor-
porating the latter also affects policies on trade and offshore production. To make this point, I
consider the same liberalization as in the second experiment, but in a restricted version of the
model without offshore R&D. The welfare impacts of this experiment are reported in the third
column of Table 12. Compared to the baseline economy, emerging countries generally benefit
less—without foreign entrants, the overall R&D in these host does not expand as much to take
advantage of the increasing access to overseas producers. Developed countries experience net
losses: the production of their affiliates in emerging countries face an increase in competition as
before, but now they cannot make up for the losses with the profit of the varieties they develop
in these countries. The comparison between these two experiments shows that even if one’s goal
is solely to understand the effect of liberalizing offshore production, it is important to incorporate
offshore R&D.

The global incidence of R&D policies. The presence of offshore R&D also implies that R&D
policies can have a global impact simply because such policies would typically also apply to lo-
cal R&D centers owned by foreign firms. This channel is independent of and in addition to the
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spillover effects of R&D across affiliates studied in the literature (e.g., Bilir and Morales, 2020).
As an example, I consider a 20% increase in the efficiency of R&D taking place in the U.K.*’ This
change increases the real income of the U.K. by 5.3%. Countries with extensive ties with the U.K.
via offshore R&D are also better off. In total, 14% the total gains accrue to other countries. On
the other hand, if offshore R&D is shut down, the same change in the R&D efficiency of the U.K.
will benefit itself by 5.7%, which is 133% of the total gains—other countries, most notably the U.S.,
bear welfare losses.

7 Conclusion

Talented researchers and efficient firms are both necessary inputs to the development of new prod-
ucts, but they are distributed unevenly across countries. In a world separated by geographic
frictions, MNCs organize their R&D and production to overcome this mismatch, in doing so inte-
grating participants from different parts of the economy.

This paper develops and quantifies a model of firms” global R&D and production decisions,
featuring ‘talent-acquisition” and ‘market-access” motives for offshore R&D. Quantitatively, off-
shore R&D brings about 3.3% welfare gains and amplifies the gains from openness by a factor of
1.3. These effects are especially large for developed countries, which derive a significant fraction
of the value of their knowhow through offshore R&D. It thus has implications for measuring a
country’s intangible assets. Moreover, because of its interconnection with integration via trade
and offshore production through both within-firm linkages and general equilibrium effects, un-
derstanding offshore R&D matters for these more familiar forms of globalization as well.

This paper abstracts from some aspects of the reality that might prove useful for measuring and
theorizing about offshore R&D. For example, the model incorporates different tasks in bringing
a product to consumers but has overlooked the role of sectors. Incorporating sectors and input-
output linkages can shed light on the role of sectoral comparative advantage and its interaction
with relative talent abundance. Second, constrained by the data, I have focused on offshore pro-
duction within the boundary of firms. Enriching the model to accommodate outsourcing through
arms’ length transactions will paint a more complete picture of how offshore R&D affects country

specialization and income.
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A Data and Facts

In this section I first explain in detail data sources, coverage, and cleaning procedures. I then validate
patents as a measure of offshore R&D by showing that aggregate and bilateral offshore R&D statistics
constructed from patents are in line with those constructed from R&D expenditures. I also show that
the facts reported in the text are robust to alternative measures of production and R&D, the restriction to
only the manufacturing industry, and an alternative IV strategy (for Fact 2). Finally, I present evidence
in support of the assumption that R&D centers in different countries operate independently.

A.1 Data Extraction, Cleaning, and Coverage

The main source of the data for financial variables, ownership, and other firm characteristics is the Orbis
Historic Disk Product, which links multiple vintages of Orbis products through firm identifiers and
avoids some issues frequently arising in combining data vintages, as explained in Kalemli-Ozcan et al.
(2019). The following describes my procedures for preparing the data, which largely follow those in
Cravino and Levchenko (2017).



Financial data. I extract the financial data over 1996-2016 from the Historic Disk. The data are at firm
identifier-year level. Each firm identifier represents a unique legal identity, possibly owned by another
firm, an individual, or a family. I use sales (turnover) as the main measure of production and use value
added for robustness. The initial extraction contains all firms with non-missing sales information for
at least one year over the entire period. In a given year, firms might have multiple values of reported
sales from different sources (local registry, annual report, or others), for consolidated or unconsolidated
accounts. When different sources coexist, I take local registry over other sources as it is likely more accu-
rate. Consolidated account might include sales of other firms belonging to the same conglomerate. For
all analysis involving intensive margin measures of activities (i.e., sales and value added), I use only val-
ues reported in unconsolidated accounts and drop firms whose reporting is done solely in consolidated
accounts; for analysis focusing on the extensive margin (i.e., whether an MNC has productive activities
in a host), I keep the latter group of firms. The extracted data include 58 million unique firm identifiers
and 196 million firm identifier-year observations, among which 168 millions have non-missing sales data
from unconsolidated accounts.

Due to reporting lag and expanding coverage, the representation of the sample varies over time.
Table A.1 reports aggregate statistics of the raw data for 2013.! Column 1 reports the ratio between the
total sales of firms and the GDP of the country, which is well above 0.8 for most countries.? For empirical
analysis, relatively low coverage in some countries does not pose a threat because systematic variations
in sample representation will be absorbed by fixed effects; in quantification, however, I will need to
calculate the overall foreign shares in R&D and production, in which case low coverage could lead to
biases. I explain how foreign shares are calculated for these countries in Section C.1 of this appendix.

For a subset of countries, Eurostat provides total sales for ‘total business economy; repairs of comput-
ers, personal and household goods; except for financial and insurance activities.” I aggregate total sales
of firms in these industries. Column 2 shows that the sample representation is reasonably good in these
countries. Column 3 shows similar levels of representation for manufacturing. In both columns, the
ratio is above 1 for some countries. One reason for this is that only the total sales of firms are reported,
so I treat all sales of a firm as from its reported core industry. To the extent that some manufacturing
firms also generate revenue from finance, I will not be able to exclude such revenue in this calculation.

Columns 4 and 5 reproduce Columns 2 and 3, restricting to firms after the match with the patent
data. The matching process will be explained below, but in short, a firm is in the patenting data if one of
its affiliates, its parent, or its sibling affiliates within the same MNCs, has filed a patent in any country
covered by the PATSTAT database. Given that most firms do not own patents, the post-match sample is
much smaller, but as Columns 4 and 5 show, it still accounts for a substantial share of the economy.

Ownership data. [ extract a snapshot of shareholder information from the Historic Disk.® For each
firm ID, I identify its global ultimate owner (GUO), the entity holding a controlling share over the firm
ID. This definition requires the owner to either directly hold more than 50% of the shares of the affiliate
or—if the control is indirectly through other firms—hold more than 50% shares for every intermediate
step along the ownership chain. This criterion ensures that the GUO has majority control over the affil-
iate. For firms that are not otherwise linked to a GUOQ, I assume that their GUO are themselves, which
practically means they are all domestic firms. To the extent that firms are more likely to have unreported
links to foreign firms than to domestic firms, my treatment underestimates the importance of MNCs.

1Excep’c for Canada, which have a large number of missing value in 2013. I calculate statistics for Canada based on the 2014
data. Since in empirical analysis I will first average over each five-year interval, missing values in one year will not affect the
measurement drastically.

2 Aggregate sales could be higher than GDP because they count value added multiple times. The U.S. has a low coverage
because most American firms report in consolidated accounts and are thus excluded from this calculation.

3T measure the ownership information in 2016 and assume that it does not change throughout the sample period. For
regressions exploiting over-time variations, this measurement error, if any, likely attenuates results. Earlier vintages of the
ownership data are in principle available, but with much more limited coverage.



Table A.1: Coverage of the Firm-Level Data

Full sample Sample with patents
1) ) (©) (4) ()
1SO total sales  total sales exc. finance mfg. sales total sales exc. finance mfg. sales
GDP Eurostat total Eurostat mfg. Eurostat total Eurostat mfg.

AUS 2.97 - - - -
AUT 4.67 0.80 0.73 0.45 0.55
BEL 2.50 0.72 0.68 0.38 0.48
BGR 1.51 1.07 0.81 0.23 0.23
BRA 0.23 - - - -
CAN 1.49 - - - -
CHE 2.93 0.39 0.44 0.03 0.08
CHN 0.99 - - - -
CZE 2.19 0.96 0.90 0.42 0.59
DEU 1.95 0.71 0.63 0.36 0.45
DNK 2.00 0.61 0.59 0.31 0.49
ESP 1.53 0.92 1.03 0.43 0.64
EST 2.27 0.96 0.88 0.20 0.33
FIN 2.85 - - - -
FRA 1.88 0.81 0.80 0.42 0.56
GBR 0.83 0.26 0.31 0.11 0.21
GRC 0.96 0.64 0.78 0.08 0.08
HRV 1.13 0.93 1.13 0.14 0.20
HUN 2.20 1.10 0.99 0.40 0.51
IRL 4.33 0.83 0.56 0.61 0.34
ITA 2.02 0.87 0.97 0.31 0.46
JPN 1.91 - - - -
KOR 2.10 - - - -
LTU 1.34 0.68 0.48 0.08 0.14
LVA 1.82 0.99 1.04 0.10 0.18
MEX 0.31 - - - -
NLD 0.92 0.26 0.15 0.11 0.12
NOR 2.68 0.99 0.82 0.40 0.47
POL 1.04 0.74 0.93 0.30 0.55
PRT 1.60 0.92 0.79 0.30 0.27
ROU 0.90 0.98 0.95 0.32 0.44
RUS 1.62 - - - -
SVK 2.59 1.17 0.95 0.46 0.63
SVN 2.00 0.82 0.77 0.25 0.36
SWE 3.05 0.89 0.76 0.42 0.59
TUR 0.32 - 0.41 - 0.13
USA 0.02 - - - -
Average 1.83 0.81 0.75 0.29 0.37

Notes: This table reports aggregate statistics constructed from the firm-level data, divided by the corresponding official statistics. Columns 1
through 3 are for the full sample; Columns 4 and 5 are for firms in the patenting sample. ‘Eurostat Total’ refers to sales reported by Eurostat
in ‘total business economy; repairs of computers, personal and household goods; except financial and insurance activities.” This definition
includes NACE sectors 05-63, 68-82, and 95. I calculate the sample counterpart of this statistics in Columns 2 and 4 by aggregating over firms
whose core industry is in these sectors. ‘Eurostat mfg.” refers to total manufacturing sales from Eurostat. I calculate the sample counterpart of
this statistics in Columns 3 and 5 using only manufacturing firms. In columns 2 and 3, a couple of countries have ratios above 1. This is likely
due to my treatment of the sales of multi-sector firms: only the total sales of a firm are reported, so I assume all sales is from the core industry.



Time-invariant firm characteristics. I define the home country and industry of an MNC to be the
country and industry of the GUO, respectively. When the GUO is an individual or a family, in which case
industry classification and country information are unavailable, I use instead the industry and location
of the largest affiliate (by sales) within the MNC. Note that because Table A.1 reports the statistics at
affiliate level, it is not impacted by this choice.

Patent data. I use patent-level data from PATSTAT Global to construct a measure of R&D. The
database contains bibliographical data related to more than 100 million patent documents from 90 patent
issuing authorities, including all major national, regional (e.g., the EPO), and global (e.g., the Patent Co-
operative Treaty) patent offices. I link individual patents from this database to their assignees (their
owners) using a crosswalk from the Orbis Intellectual Property Database. This crosswalk links patent
applications to firms using a string matching algorithm based on the name, address, and industry classi-
fication of the owner. This process matches a total of around 25 million eventually granted patents world
wide to 681,241 unique firm identifiers from the Orbis registry.

I use the following procedures to further prepare the data.

1. De-duplication. Firms can and often do apply for multiple patents from different patent authori-
ties for protection of the same underlying invention. Fortunately, all such patents need to establish
a common priority, i.e., the first applied patent on the invention, and can therefore be identified as
belonging to the same patent family in the PATSTAT database.* I keep a family as long as one of
its many patents is linked to a firm ID and, within each family, keep only one patent—the one with
the most complete inventor location information. This de-duplication process reduces the number
of unique patents to around 17 million, about two-thirds of the original number.

2. Excluding design patents. I exclude design patents and patents with unidentified types. Together,
the excluded patents account for about 2% of the sample. The resulting sample contains patents
from 90 patent offices, with the top 10 biggest patent offices accounting for 90% of the observations.
The USPTO patents account for about 20% of this sample.

3. Excluding patents without inventor location information. PATSTAT does not receive inventor
location information from the Japanese Patent office (JPO). Patents from other offices sometimes
also have missing inventor locations. I exclude patents from the JPO or otherwise have missing
inventor location information.”

Table A.2 summarizes the contribution of each patent office to the sample and the fraction of these
patents with non-missing inventor location information. Columns 1 and 2 are for all patents that
can be matched to a firm in the Orbis data (after steps 1 and 2 described above), dating back to the
early 20th century. U.S. and China are two biggest patent offices in this period, followed by Ger-
many, Korea, and the EPO. Column 2 reports the fraction of observations from each patent office
with non-missing inventor location. For six out of ten top patent authorities, inventor location is
available for more than 70% of patents.®

Columns 3 and 4 reproduce Columns 1 and 2 for the period of my empirical analysis, 1996-2016.
With increasing patenting in China, the top 10 offices now account for 94% of the sample. Aside
from China, Australia, and Canada, all other major patent offices have close to universal avail-
ability of inventor location information. The increase in the availability of location information for

“ A patent family is a collection of patents from different countries protecting the same invention.

S5Note that such exclusion does not necessarily mean that the R&D underlying the patent is excluded from my database. As
long as one patent within a family has inventor location information, it will be preserved. This is an advantage of using the full
PATSTAT Global data—I am able to piece together information about an invention from its multiple patents. For example, if a
Japanese firm filed a patent in the U.S. and Japan at the same time, yet only the U.S. application reports inventor locations and
only the Japanese application is linked to a firm ID, this patent will still be in my sample.

®Note that after the de-duplication procedure in Step 1, both the distribution of patents by office and the share of patents
from an office with inventor location information will be different from those in the raw data, because only one of each patent
family is kept and the one being kept tend to be from offices with more complete inventor information.
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Table A.2: Sample Size and Availability of Inventor Location by Patenting Authority

All historic patents Patents filed in 1996-2016

Patent office % of obs. % with location % of obs % with location

(1) ) ®) 4)

USA 2324 71.72 17.03 100.00
CHN 22.14 21.53 32.18 20.61
GER 8.52 59.61 422 99.97
KOR 8.33 93.67 10.12 93.39
EPO 6.48 99.72 8.38 99.75
CAN 6.01 29.28 5.37 21.80
PCT 5.18 94.19 7.46 94.64
AUS 4.06 1.01 3.13 0.74
AUT 2.95 70.34 1.81 98.42
TWN 2.89 99.99 4.19 99.99
All others 10.20 56.52 6.10 75.11
Total 100.00 58.19 100.00 64.50

Notes: Columns 1 and 2 report information on all sample patents after Step 1 and 2 of the cleaning process. Column 1 tabulates the fraction
of patents in this sample from different patent offices. Column 2 reports, among all patents from an office, the fraction with inventor location
available. Columns 3 and 4 reproduce Columns 1 and 2 for patents filed first between 1996 and 2016, the period the empirical analysis focuses
on.

most countries from Column 2 to Column 4 is likely due to changing reporting requirements at
the patent application stage. That the missing information is concentrated in a small number of
countries also reassures that these missing values are due to country-specific requirements, rather
than MNCs’ self selection into reporting.”

4. Aggregating by firm ID-inventor country-year. I define the invention time of a patent as the
earliest filing year among all patents within the patent family. I then sum across all patents assigned
to a firm identifier in a given year to arrive at patent counts by firm identifier-inventor country-
year. Note that because MNCs can assign a patent to any of its affiliates regardless of where the
invention is performed and which patent office is involved, the result of this aggregation is not
necessarily accurate for locations of R&D at the affiliate (firm identifier) level.® But after the final
step below, it will be accurate for location of R&D at the parent level.

5. Aggregating to parent firm-inventor country-year level. I aggregate the R&D output from the
previous step to parent firm-inventor country- year. I interpret inventor countries as the location
of R&D. For example, if an American firm has 30 patents with inventors located in Japan, I interpret
this as output of the American R&D center in Japan. I wish to emphasize that this assignment has
nothing to do with whether the patents are from the USPTO or JPO, or whether the assignee on
the patent is a U.S. affiliate in Japan or the headquarters in the U.S. The inferred location of R&D
depends solely on the reported addresses of the inventors.

A.2 Concerns on Patents as a Measure of Offshore R&D and Validation

As discussed in Section 2.1, using patent data to measure offshore R&D has three advantages: first, the
universe of data are readily available at the firm level; second, it is less subject to different definitions
of ‘research and development” between advanced countries that are pushing the frontier and develop-
ing countries that are simply trying to learn what is already known; third, compared to affiliate R&D

"The empirical patterns stay virtually the same if the data from China, Australia, and Canada are excluded.
8For example, Apple can apply for a patent invented entirely in California through its affiliate in China. It would be wrong
to infer from this assignment that Apple China performs R&D in California.



expenditures, the addresses of inventors are less likely to be manipulated by MNCs for tax avoidance.’

There might be two concerns on using inventor locations from patents to measure R&D. The first is
that firms’ self selection into patenting can introduce biases. The second is that when an inventor move
across countries, the reported address of a patent might not always accurately reflect where the R&D is
carried out. I discuss these two concerns in detail and explain why they are unlikely to bias either the
reduced-form or quantitative results.

Self-selection into patenting. Consider the first concern. There are at least two types of selection,
both of which are well recognized by the study of R&D using patent data in closed-economy settings (see
Griliches, 1998 for an early survey): some R&D efforts might not result in patentable outcomes; firms
might choose not to patent a patentable R&D outcome. In the multinational setting considered in this
paper, the threat is that such selection might be correlated with the characteristics of the firm or those of
the host. For example, if more innovative firms are both more likely to engage in offshore R&D and have
a higher propensity to patent their inventions, my measure of offshore R&D would be biased towards
these firms.

An advantage of the multinational setting is that I will be able to flexibly control for firm and host
characteristics that likely determine the decision to patent an invention in ways that are infeasible in
closed-economy settings. Specifically, I control for firm-period fixed effects in all specifications, so any
selection at the firm level is absorbed and the coefficients are only identified off within-firm variations.
For Facts 1 and 2, where the selection concern is more relevant, I further control for affiliate fixed effects.
This will purge out the influence of any time-invariant host-specific factors.!’

In addition to these two types of selection, in my setting there is another type of selection: firms
choose to patent inventions only in hosts in which they either have a manufacturing presence or the
intention to launch a product. The idea is, in hosts where firms produce and sell a product, both the
likelihood of and potential damage from IPR infringement by local competitors are higher, so they have a
stronger incentive to patent. This makes the interpretation of Fact 2 problematic: the observed colocation
between production and patenting might have nothing to do with the friction in separating the two.
Because my measure of R&D is based not on which host country a patent is issued in, but on where the
inventor of a patent is located, this concern does not in itself lead to a bias. To the extent it is possible that
such selection affects the measured locations of inventors, this concern is addressed in two ways. First,
the rich set of fixed effects will absorb all confounding factors that are specific to a host, an affiliate, or
a firm. Second, I provide direct evidence that such selection does not affect the measured offshore R&D
below.

Specifically, if the selection of patent offices affect the measured offshore R&D, then we should see
that offshore R&D calculated based on data from different patent authorities differ significantly from one
another. Figure A.1 shows the exact opposite: bilateral offshore R&D shares measured using data from
the USPTO and two other major international patent offices, the PCT and the EPO, are highly correlated.
I conclude that differential selection into patenting in specific hosts do not lead to significant biases in
the measured offshore R&D.

In quantitative analysis, I will use the share of inventions in a host by foreign firms as an additional
input. For such aggregate shares, I will not be able to address the above concern through controls.
Instead, I show directly that my measure is closely correlated with the one based on R&D expenditures in
Figure A.2. In the left panel, the horizontal axis is calculated using business enterprise R&D expenditures
from the OECD; the vertical axis is the shares calculated based on the patent data, described above. The
figure shows a close mapping between the two measures, with a correlation of 0.83, despite that they

9Indeed, while official statistics show large FDI flows and significant MNC presence in countries like Bermuda, Panama,
and Cayman Islands, my measure shows very few patents are invented in these locations.

10 Admittedly, there could be time-varying factors. In Fact 1, I control for two usual suspects, the IPR protection index and
R&D subsidies and show that they do not affect the main coefficient of interest. In Fact 2, since the variation exploited is
at affiliate level, I am able to control for host-industry-period fixed effects, which absorb all time-varying characteristics of a
country that might affect patenting in an industry.



Figure A.1: Comparison Among Patents From Individual Patent Offices

Offshore R&D: Comarison Between Patent Offices
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Notes: The figure shows log bilateral offshore R&D measured using three major patent offices (EPO, USPTO, PCT) is closely correlated.

Figure A.2: Aggregate and Bilateral Offshore R&D Measures: Patents v.s. Expenditures

(a) Aggregate Inward Offshore R&D Share (b) Log Bilateral Offshore R&D Share
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Notes: The left panel is the fraction of R&D in a country carried out by foreign firms, measured using two different sources: business enterprise
R&D expenditures (horizontal axis) and patents (vertical axis). The right panel plots the log of bilateral offshore R&D shares, in which each
dot represents a country pair.

are from two independent sources.!! The right panel plots log bilateral offshore R&D shares measured
using R&D expenditures and patents. Again, the two measures are highly correlated. The takeaway
from Figure A.2 is that even if one preferred to use R&D expenditures to construct foreign R&D shares,
my measure is a good proxy.

Measurement errors due to inventor mobility. Compared to the general population, inventors tend
to be more mobile geographically. The second concern on measurement is thus, if, after spending years
on a project, an inventor moves to a new country right before the patent application form is submitted,

HThe expenditures statistics are aggregated from firm-level data from surveys and other administrative sources, and are not
publicly available. It is possible that the differences between the two measures are mostly driven by sampling differences. In
fact, the correlation between my data and these statistics for offshore production, measured using sales in both sources, is also
around 0.8.



then the inventor address would differ from where the underlying R&D was conducted.

The prevalence of such measurement errors is bounded by the propensity of inventors to move across
borders after becoming an inventor. Recently, Akcigit et al. (2016) shows (in Table 1) that among inventors
of USPTO patents, the share of top 5% inventors who have migrated is 3.6%; the share of bottom 95%
inventors who have migrated is much lower at 0.7%.'? Top 5% inventors account for about 30% of total
patents. Even if the R&D location of all lifetime patents of those who have moved across borders as an
inventor is misclassified, it would amounts to only around 1.6% (30% X 3.6% + (1 — 30%) x 0.7%) of all
patents. Similar calculation based on patents at the EPO using the numbers reported in Online Appendix
Table A1l of Akcigit et al. (2016) finds a smaller number of 1%.

These numbers likely still overstate the extent of measurement errors. One way of seeing this is:
assuming a project takes 3 years, then the measurement error would only affect projects initiated during
the three-year window prior to the move. In the data, the average duration between first and last patent
among all inventors is 12 years, so the three-year window contains a quarter of these inventors’ lifetime
patents on average, i.e., if all inventions made during this window has wrong inventor addresses, it
would amount to 1.6% x 25% =~ 0.4% of all patents. The working career of top inventors is likely longer
than average; for them, the three-year window accounts for an even smaller share of their total patents.

To conclude, this back-of-envelop calculation suggests that under reasonable assumptions, misclas-
sified R&D locations due to inventor migration is unlikely to be important.

A.3 Sample Restriction and Descriptive Statistics

Having established the validity of my offshore R&D measure, I describe how the sample is chosen and
present descriptive statistics.

Sample period. For best coverage of the financial data, I focus on 1996-2016. To reduce measurement
errors associated with patent counts (for example, firms might be continuously doing R&D but the patent
application might be discrete), I aggregate the sample into four five-year periods. Within each period, I
take the average values of patent and citation counts, and financial statistics.

Countries and their characteristics. I focus on a sample of 37 host countries (but include MNCs
whose parent are from other countries in empirical analysis). This sample restriction is made to be
consistent with the subsequent quantitative analysis. Specifically, for quantification I will use data on
manufacturing output and trade from the 2016 release of the World Intput Output Database. Among
the 43 countries in this database, I exclude three countries with population below one million, Cypress,
Luxembourg, Malta; I exclude Taiwan, as World Bank and Penn World Table does not report its economic
statistics; finally I exclude India and Indonesia due to their poor representation in the Orbis financial
database. This results in the 37 countries reported in Table A.1. All empirical patterns remain virtually
unchanged if I simply use all countries in the Orbis database.

I combine the firm-level data described previously with time-varying country characteristics. Con-
cretely, I obtain GDP, GDP per capita, and the human capital index from the PWT 9.0.; an updated
version of the intellectual property right index from Park (2008); R&D subsidies and the number of re-
searchers from the OECD. All these variables are also averaged over each four-year period. I obtain
bilateral distance measures from Mayer and Zignago (2011). Table A.3 summarizes these country char-
acteristics for the last period, 2011-2016.

12These numbers are based on disambiguated inventor names from patent records. For an inventor to appear as a mover in
this dataset, he or she needs to have filed a patent from one country and then file another patent later from a different country.
This definition of mobility excludes people who migrate as a child or a postgraduate student and become inventors only after
moving to the new country. However, it is exactly the right measure to use for the specific concern on measurement errors in
R&D locations due to the mobility of inventors.



Table A.3: Host Characteristics: Summary Statistics

Variable Obs Mean Std. Dev. Min Max
In (GDP) 37 1330 1.55 10.37 16.59
In (GDP per capita) 37 1330 155 10.37 16.59
Human capital idnex 37 324 038 229 372
In (number of researchers) 32 11.38 1.48 8.61 15.07
R&D subsidies 36 013 012 -0.02 0.44
Intellectual property rightindex 33 431  0.33 359 4.88

Notes: This table reports characteristics of the 37 host countries in the sample, averaged over 2011-2016.

Structure of financial and R&D samples separately. In empirical analysis, I use the merged sample
between financial and R&D datasets. Section 2.2 presents descriptive data for the matched sample.
Tables A.4 gives an overview of these two datasets separately.

Table A.4: Structures of Production and R&D Samples

Production data R&D Data

Period # of unique firms # of production facility. # of unique firms # of R&D centers (baseline) # of R&D centers (Liberal)
1 3,615,341 3,643,392 118,951 112,215 140,341

2 7,992,947 8,050,202 138,790 133,430 164,171

3 13,814,682 13,906,270 161,111 158,294 191,439

4 49,264,872 49,389,390 136,321 136,692 162,137

Total 74,687,842 74,989,254 555,173 540,631 658,088

Unique firms 54,535,654 378,859

Notes: This table summarizes separately the coverage of financial and R&D data over time (before the two are merged).

The left panel of Table A.4 summarizes the structure of the financial data. Columns 1 and 2 are
the number of unique firms and unique production affiliates in each period, respectively. The numbers
gradually increase as coverage of the database broadens, but Columns 1 and 2 track each other closely,
reflecting that the overwhelming majority of firms have only one production affiliate.

The right panel of Table A.4 is the structure of the R&D data. This sample is larger than reported
in Table 1 as it includes firms granted a patent but with no available financial information.'> The R&D
sample does not registered as dramatic an expansion as the financial sample. This is unsurprising, as
PATSTAT covers close to the universe of world patents from the very beginning. In the fourth period,
on average, a firm has 1.189 R&D centers according to the liberal definition, and only 1.003 according to
the baseline definition.

A.4 Robustness: Alternative Measures and Sample Restriction

This subsection shows that the facts in the text are robust to alternative measures and sample restrictions.

Measure of R&D. In the baseline analysis I measure the intensive margin of R&D by counting the
number of patents, weighted by the number of inventors on a patent. According to this measure, if a
patent has multiple inventors located in more than one country, I assign each country the fraction of
inventors residing in it. This is of course arbitrary. As an alternative, I count each county as having the
full patent—for example, if a patent is invented jointly by one person in the U.S. headquarters and one
person in Canada, I count the Canadian affiliate and the U.S. headquarters as each having invented a
full patent. In what follows I will call this unweighed patent counts.

Second, it is well known that patents differ vastly in their values and that the number of forward
citations to a patent is a good proxy for its value—much like the number of forward citations to an

13The statistics reported is after excluding firms classified as education institutions and governments, or firms with unknown
home countries—most likely individuals or families.



academic article often indicates its importance. To adjust for patent quality, I use the number of citations
received by the patents invented at an affiliate as a measure for the invention output of that affiliate.

Finally, in the baseline analysis involving the extensive margin of offshore invention, I define a host
country as an R&D center if it has invented at least one full patent. This restriction rules out firms with
only a small number of patents collaborated with inventors located in the headquarters. For robustness,
I use a more liberal definition, according to which a host country is classified as hosting an R&D center
as long as a positive fraction of a patent is invented in it.

Measure of production. In the baseline analysis, I measure affiliate production by sales. Some of the
sales are likely due to intermediate products made elsewhere. I use value added for robustness.

Restriction to manufacturing. The baseline analysis includes firms from all industries. Since the
quantitative model has a focus on trade, it is more appropriate to interpret it as for manufacturing. I
show all baseline estimates remain materially the same when I restrict to manufacturing firms.

Excluding headquarters from regressions. For Fact 1, the baseline regressions include observations
that are in the headquarters country of a firm. One might be concerned that the systematic concentra-
tion of R&D in countries with talented workers might be driven by headquarters only. Note that this
interpretation does not alter the main message that the invention intensity of a firm differs across coun-
tries with different talent endowments. Nevertheless, I show that results are similar if headquarters are
excluded.

I now explain the results from these robustness exercises.

Table A.5: Fact 1 Robustness

1) 2) ©) @) Q ©) @) ®)
Dependent var. In(E2Y)  In(BEEY)  In(iwsbpalnty jpn(diafion) ) (EYEM)  R&D Ind. (baseline) R&D Ind. (liberal)
human capital index ~ 3.705** 3.613** 2.910%* 4.185** 3.836™** 0.213* 0.189** 0.240**
(1.547) (1.383) (1.364) (1.706) (0.818) (0.110) (0.092) (0.100)
In(GDP per capita) -0.381 -0.665* -0.881%* -0.770** -0.718 0.102***  0.090%** 0.085***
(0.389) (0.369) (0.319) (0.355) (0.447) (0.028) (0.027) (0.028)
IPR protection 0.309 0.393** 0.383** 0.661*** 0.027 0.029 0.024 0.028*
(0.234)  (0.182) (0.148) (0209)  (0.189)  (0.022)  (0.017) (0.015)
R&D subsidies 0.695 0.577 0.380 0.261 0.720* 0.036 0.016 0.012
(0.451) (0.434) (0.424) (0.537) (0.385) (0.036) (0.030) (0.027)
In (researchers) 0.249 0.416** 0.402** 0.214 0.217 0.071***  0.064*** 0.073***
(0.182) (0.176) (0.162) (0.181) (0.290) (0.022) (0.019) (0.020)
log (sales) 0.006™** 0.003** 0.004**
(0.002) (0.001) (0.002)
Observations 7533 9672 11464 11464 7585 41396 71226 80253
R? 0.668 0.679 0.688 0.703 0.653 0.618 0.562 0.603
Within R? 0.014 0.016 0.013 0.016 0.019 0.008 0.006 0.005
Firm-period FE Y Y Y Y Y Y Y Y
Affiliate FE Y Y Y Y Y Y Y Y
Sample mfg. only excl. HQ baseline baseline  baseline mfg. only excl. HQ baseline

Note: This table reports robustness results for the last two columns of Table 3. The dependent variable in Columns 1-5 are the intensive margin
invention intensity at an affiliate. Columns 1-2 use the baseline measure, but restrict the sample. Columns 3-5 use different measures for either
invention or sales in measuring invention intensity. The dependent variable in Columns 6-8 is the indicator for R&D centers. Columns 6-7
use the baseline measure and restrict the sample; Column 8 uses the liberal definition of R&D centers. Standard errors (in parenthesis) are

clustered two way, by firm and by host country. * p < 0.10, ** p < 0.05, *** p < 0.01.

Fact 1 robustness. Table A.5 reports the robustness results for Fact 1. I take the last two columns
of Table 3—which controls for affiliate fixed effects and firm-period fixed effects—as the baseline for
intensive and extensive margin regressions, respectively. Columns 1 to 5 focus on the intensive margin
measure of invention intensity. Column 1 restricts the sample to manufacturing only; Column 2 ex-
cludes headquarters from the sample; Columns 3 to 5 permute on the dependent variables, the log ratio
between invention and production, by changing the measure for either invention output or production.
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Throughout, the human capital index is statistically significant and economically sizable, although the
number of narrowly defined researchers are not statistically significant in some specifications.

Columns 6 to 8 are robustness for when the dependent variable is an R&D indicator. Column 6 in-
cludes only manufacturing firms; Column 7 excludes headquarters; Column 8 uses the liberal definition
of R&D centers. Results from all three specifications are qualitatively similar to the baseline.

Fact 2 robustness. Tables A.6 and A.7 report additional results for Fact 2. The specifications in Table
A.6 reproduce Columns 1, 4, 5, and 7 of Table 4, using the same measures for R&D and production but
restricting the sample to manufacturing firms. Across specifications, the point estimates are generally
close to that from the baseline sample.

Table A.7 reports robustness with alternative definitions of invention and production. Columns 1
and 2 show that having an liberally defined R&D center is associated with both the presence and the
size of production facilities. The coefficients are close to the baseline estimates (Columns 1 and 4 of
Table 4, respectively). Columns 3 through 6 reproduce Columns 5 and 7 of Table 4 using citations and
unweighted patent counts to measure the intensive margin of invention, respectively. Finally, Columns
7 to 9 keep the baseline measure of invention but change the dependent variable to value added, which
reduces the sample size substantially. The specifications correspond to Columns 4, 5, 7 of Table 4.

Exercises here show that Fact 2 holds across different measures and sub-samples. In Appendix A.5,
I show that an alternative identification strategy using the variation in host R&D subsidies and number
of researchers lead to qualitatively similar findings.

Table A.6: Fact 2 Robustness: Manufacturing Only

M @ ®) )

Dependent variable prod. indicator log (sales)
R&D Indicator ¢ 0.295*** 1.042%**
(0.004) (0.033)
In(patent) s, ¢ 0.324**  0.181***
(0.014)  (0.046)

In (distance) g, , -0.012  -0.395**

(0.035)  (0.169)
common language it 0.207*** 0.284

0.077)  (0.328)
contiguityfh,t 0.201*** 0.227

(0.077)  (0.285)
colonial tie, s -0.045 -0.713*

(0.070)  (0.382)
Observations 4156173 61474 13072 6417
R? 0.735 0.512 0.574 0.969
Within R? 0.050 0.052 0.099 0.020
Firm-period FE Y Y Y Y
Host-period FE Y Y Y -
Home-host FE Y Y Y -
Host-industry FE Y - - -
Host-industry-period FE - - - Y
Affiliate FE - - - Y

Note: This table reports robustness of Fact 2 using only manufacturing firms. Column 1 corresponds to Column 1 of Table 4; Columns 2
through 4 correspond to Columns 4, 5 and 7 of Table 4. Standard errors (in parenthesis) are clustered by firm. * p < 0.10, ** p < 0.05, ***
p < 0.01.

11



Table A.7: Fact 2 Robustness: Alternative Measures for Invention and Production

¢y 2 ®) 4 ®) (6) ) ®) )
Dependent variable: prod. indicator In(sales) In(value added)
R&D Ind. gy, : liberal 0.275*** 0.988***
(0.003) (0.026)
In(citation) , s 0.277%*  0.137***
(0.012)  (0.040)
In(unwgt. patent), s 0.382***  0.194***
(0.015)  (0.046)
R&D Ind.f;,: baseline 1.036%**
(0.029)
In(patent) s, s 0.338***  0.107*
(0.014)  (0.058)
In (distance), ; -0.049*  -0.333** -0.305** -0.061*  -0.600***
(0.025)  (0.146) (0.145) (0.037) (0.229)
common language; , 0.167***  0.513* 0.358 0.234***  0.827**
(0.051)  (0.272) (0.268) (0.061) (0.330)
contiguity ¢ , 0.096* 0.310 0.187 0.109** -0.239
(0.049)  (0.240) (0.237) (0.054) (0.258)
colonial tie s 0.017  -0.657** -0.552* -0.051 -0.554
(0.046)  (0.314) (0.307) (0.056) (0.363)
Observations 7494979 119503 19519 8839 19519 8839 70184 12342 5644
R? 0.705 0.495 0.559 0.963 0.568 0.963 0.554 0.601 0.930
Within R? 0.048 0.045 0.066 0.015 0.086 0.020 0.065 0.132 0.005
Firm-period FE Y Y Y Y Y Y Y Y Y
Host-period FE Y Y Y - Y - Y Y -
Home-host FE Y Y Y - - - Y Y -
Host-industry FE Y Y Y - - - Y Y -
Host-industry-period FE - - - Y - Y - - Y
Affiliate FE - - - Y - Y - - Y

Note: This table reports robustness results for Fact 2 using alternative measures of invention and production. Columns 1 and 2 reproduce
Columns 1 and 4 of Table 4 using the liberal definition of R&D center; Column 7 reproduces Column 4 of Table 4 using log value added as a
measure for production. Columns 3 to 6 reproduces Columns 5 and 7 of Table 4 using alternative intensive measures of invention. Columns 8
and 9 reproduce the same two columns using log value added to measure production. Standard errors (in parenthesis) are clustered by firm. *

p < 0.10,* p < 0.05,*** p < 0.01.

Fact 3 robustness. Tables A.8 and A.9 report additional robustness exercises for Fact 3. Tables A.8
uses the baseline measures but restricts the sample to manufacturing. The coefficients are generally
similar to the baseline estimates.

Table A.9 uses the same sample as the baseline and changes the measure of invention and production.
Columns 1 to 3 show the headquarter effect for invention is robust to the liberal definition of R&D centers
and two different measures of invention. Most coefficients are broadly in line with the corresponding
ones (Columns 1 and 2) in Table 4. Columns 4 to 6, corresponding to Columns 4 and 6 of Table 5, show
the headquarter effect for production are robust when these alternative measures of R&D are used as
controls. Finally, Column 7 shows that the result is similar when production is measured using value
added.

12



Table A.8: Fact 3 Robustness: Manufacturing Only

D ) (©) (4)
Affiliate R&D Affiliate Production
indicator In(patent) indicator In (sales)
In(distance),, -0.001 -0.140***  -0.004***  -0.230***
(0.001) (0.040) (0.002) (0.028)
common language,, 0.022*** 0.226** 0.011 0.005
(0.006) (0.093) (0.009) (0.066)
contiguity,y, 0.001 0.048 -0.001 0.137**
(0.002) (0.101) (0.004) (0.066)
colonial tie 0.006 0.094 0.029*** 0.102
(0.005) (0.080) (0.009) (0.068)
R&D indicator, ; 0.379*  1.181***
(0.022) (0.037)
Observations 4045403 28244 4045403 54208
R? 0.149 0.297 0.368 0.465
Within R? 0.004 0.010 0.069 0.063
Firm-period FE Y Y Y Y
Host-industry FE Y Y Y Y
Host-period FE Y Y Y Y

Note: This table reproduces Columns 1-2 and 5-6 of Table 5 for manufacturing firms. Measures of R&D and production are the same as in the

baseline. Standard errors (in parenthesis) are clustered by country pair. * p < 0.10, ** p < 0.05, *** p < 0.01.

Table A.9: Fact 3: Alternative Measures

@ (2) ®) @) ®) 6) @)
Headquarter Effect for R&D Headquarter Effect for Production
Dependent var. gﬁz)le)r;l{l)d' In(unwgt. patent) In(citation) In(sales) In(VA)
In(distance),, -0.003*** -0.119*** -0.078**  -0.247*** -0.102** -0.131** -0.189***
(0.001) (0.028) (0.031) (0.027)  (0.047)  (0.051)  (0.045)
common language,, 0.030*** 0.222*** 0.224*** 0.086 0.059 0.076 0.025
(0.006) (0.063) (0.070) (0.060)  (0.082)  (0.084)  (0.070)
contiguity,, 0.005* 0.109* 0.183***  0.175***  -0.005 0.009  0.208***
(0.002) (0.062) (0.065) (0.057)  (0.093)  (0.098)  (0.066)
colonial tiey, 0.001 0.025 -0.015 0.123* 0.046 0.060 0.156**
(0.005) (0.055) (0.067) (0.068)  (0.079)  (0.083)  (0.074)
R&D ind. (liberal) s, s 1.096**
(0.028)
In(unwgt. patent), ¢ 0.392%**
(0.018)
In(citation) ¢, s 0.284***
(0.015)
R&D ind. (baseline), ; 1.185***
(0.030)
Observations 7295102 45364 45364 103131 16189 16189 60553
R? 0.155 0.324 0.455 0.445 0.502 0.490 0.504
Within R? 0.006 0.016 0.010 0.054 0.090 0.069 0.079
Firm-period FE Y Y Y Y Y Y Y
Host-industry FE Y Y Y Y Y Y Y
Host-period FE Y Y Y Y Y Y Y

Note: This table reports the robustness results of Fact 3 to alternative measures. Columns 1 to 3 replicate Columns 1 and 2 of Table 5 with
different measures of R&D. Columns 4 to 6 replicate Column 6 of Table 5 with different measures of R&D. Column 7 replicate Column 6 of

Table 5 using value added as a measure for production. Standard errors (clustered at country-pair level) in parenthesis. * p < 0.10, ** p < 0.05,

#** p < 0.01.
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A.5 1V Estimates for Fact 2

The second fact, the colocation of invention and production, plays an important role in quantitative
analysis as it pins down the market access motive. The most demanding specification for this fact con-
trols for firm-period, host-industry-period, and affiliate fixed effects, which rules out the following con-
founding factors: shocks to host countries or all affiliates of a firm that drive the colocation; idiosyncratic
match quality between a firm and a host, which encourages both invention and production; changes
in the comparative advantage of a country that affect the entire industry. A remaining source of threat
is time changes in the idiosyncratic match quality between firms and hosts. Such changes need to be
firm specific—otherwise it will be absorbed by host-industry-period fixed effects. One example of such
shocks is development of a new technology in a country that is useful to only a few firms within an
industry, but affects both production and invention of these firms directly.

To address this concern, I use an alternative identification strategy. Under the assumption that con-
trolling for other time-varying country characteristics, changes in a host’s R&D environment affect af-
filiate production only through affiliate R&D, proxies of R&D environment can serve as as instrumental
variables. I use three instruments: R&D subsidies, the IPR protection index, and the number of re-
searchers in the country. The first two are policies set at national level without regard to individual
foreign firms; the last one depends largely on the supply factors. These variables might be correlated
with other country-level determinants of affiliate production, which motivates me to control for host
size, GDP per capita, and the general human capital measure. Finally, I also include affiliate and other
fixed effects, so identification comes only from time variation within a host.

Columns 1 and 2 of Table A.10 report the baseline 2SLS results and the corresponding first stage
regression. The first stage shows that R&D subsidies, the number of researchers, and IPR protection all
have positive effects on affiliate R&D. The robust F statistic is above 10, the conventional rule of thumb
for detecting weak IV. The 2SLS estimate suggests that a one-percent increase in affiliate R&D increases
production by 0.46%, which is similar to the baseline estimate.

The lower panel of the table reports additional diagnostic statistics. Recent studies (c.f. Lee, Mc-
Crary, Moreira and Porter, 2020) suggest that 25LS inference based on standard t-statistics might not be
conservative enough. I report tests from two tests that are robust to weak IV, both of which are able to
reject that the coefficient is zero. Finally, the over-identification test suggests that we cannot reject that
all three IVs give the same estimate.

One might be concerned that IPR protection can affect affiliate production directly—in host counties
experiencing an improvement in the protection of IPR, the risk of IP theft is lower, so firms might be
more willing to move production there. Columns 3 and 4 allow IPR protection to be endogenous and
use the remaining two IVs. The results are similar. The first-stage is slightly weaker, but the weak-IV
robust tests are both able to reject that the key coefficient is zero.

I conduct additional robustness exercises: Columns 5 and 6 focus on manufacturing firms; Columns 7
through 10 use two alternative measures of invention—unweighted patent counts and citations; Columns
11 and 12 use value added, instead of sales, to measure firm production. All these robustness exercises
give similar results.

This IV strategy has weaknesses: despite other time-varying controls, it is still possible that R&D
subsidies and the number of researchers in a country are correlated with unobserved changes in country
characteristics that directly affect affiliate production. But to the extent that this is the main concern, it
is directly addressed in the baseline specifications with host-industry-period fixed effects. In this sense,
while both identification strategies are imperfect, they exploit orthogonal variations and thus comple-
ment each other. That both approaches give qualitatively similar estimates is reassuring.
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Table A.10: Fact 2: IV Estimates

@ @ ®) @ ®) ©) @ ® ©) (10) 1n (12)
Baseline IV Endogenous IPR Mfg. Only R&D Measure 2 R&D Measure 3 Prod. Measure 2
2SLS  1ststage 2SLS 1Iststage 2S5LS  1IstStage 2SLS  1Iststage 2SLS 1ststage 2SLS Iststage
In(patent), s 0.466*** 0.516** 0.599*** 0.673*
(0.141) (0.240) (0.160) (0.354)
In(unwgt. patent),+ 0.533***
(0.166)
In(citation) s, ¢ 0.451**
(0.183)
R&D subsidies 0.374 0.374 0.436* 0.181 0.060 0.304
(0.228) (0.228) (0.265) (0.210) (0.329) (0.186)
In (researchers) 0.635*** 0.635*** 0.514*** 0.607*** 0.409** 0.562***
(0.170) (0.170) (0.182) (0.137) (0.202) (0.170)
IPR protection 0.459**  -0.062  0.459** 0.441** 0.431*** 0.703*** 0.139
(0.191)  (0.231)  (0.191) (0.220) (0.137) (0.187) (0.169)
Observations 11464 11464 11464 11464 7533 7533 11464 11464 11464 11464 7585 7585
Time-varying controls Y Y Y Y Y Y Y Y Y Y Y Y
Firm-period FE Y Y Y Y Y Y Y Y Y Y Y Y
Home-Host FE Y Y Y Y Y Y Y Y Y Y Y Y
Affiliate FE Y Y Y Y Y Y Y Y Y Y Y Y
1st Stage F
K-P F-stat 10.380 7.448 8.216 14.703 12.324 7.304
Weak IV robustness inference
Anderson-Rubin test p-value ~ <0.01 0.028 <0.01 <0.01 <0.01 <0.01
Stock-Wright test p-value 0.025 0.086 0.036 0.025 0.025 0.072
Over identification test
Hansen ] statistic p-value 0.461 0.227 0.389 0.565 0.299 0.266

Note: This reports the estimates for colocation between invention and production, using time variation in host R&D subsidies, the number
of researchers, and the IPR protection index as instrument variables for changes in affiliate invention. All specification includes firm-period,
home-home, and affiliate fixed effects and the following time varying controls: In(GDP), In(GDP per capita), and the human capital index.
Columns 1 and 2 use all three IVs and the baseline sample; Columns 3 and 4 allows the IPR protection index to be endogenous; Columns 5
and 6 restrict to manufacturing industry only; Column 7 to 10 use two alternative measures of affiliate invention: unweighted patent counts
and citation; Columns 11 and 12 use value added to measure affiliate production as the outcome variable. Standard errors (in parenthesis) are

clustered two way, by host country and by firm. * p < 0.10, ** p < 0.05, *** p < 0.01.

A.6 Additional Evidence on the Independence among R&D Centers

The quantitative model developed in Section 3 assumes that offshore R&D centers belonging to the
same parent develop differentiated varieties and thus operate independently. This subsection provides
evidence in support of this assumption.

Specifically, I investigate whether the R&D decision of an MNC in host i responds to changes in
R&D-related policies or other factors in the headquarters o and in other countries i’ # i where the firm
has a presence. The idea is as follows: Section A.5 of this appendix shows that R&D in host i responds
to R&D-related shocks in country i. If the coordination among R&D centers is important, in response to
the expansion of R&D in i, firms will adjust R&D in other hosts.

Table A.11 reports the results. Columns 1 and 2 regress the extensive and intensive margin mea-
sures of offshore R&D on the characteristics of the headquarter country, with headquarters themselves
excluded from the sample. I control for affiliate and host-period fixed effects, so the coefficients are iden-
tified off time variation among affiliates from different countries. None of the predictors of R&D—R&D
subsidies, IPR protection, the number of researchers—has a statistically significant impact on affiliate
R&D. This statistical insignificance is not due to the lack of variation in these characteristics: in fact, as
the first-stage regressions reported in Table A.10 shows, the same variables have economically sizeable

141 focus on the response to shocks, rather than on the cross-sectional relation, because the model implies that the affiliates of
the same parent inherit correlated innovation efficiency, hence their invention output might be correlated even if each of them
carry out R&D independently.
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and statistically significant impacts on R&D in the same host.

Columns 3 to 6 regress affiliate R&D on the average characteristics of all other countries in which the
firm has a presence. Because firms operate in different sets of countries, the variation is at firm level and
we can control for home-period fixed effects. Columns 3 and 4 include headquarters in the regression
sample; Columns 5 and 6 exclude headquarters. Both set of regressions find that affiliate R&D do not
respond to shocks affecting firm’s R&D in either the home or other host countries.

Although I can not rule out that firms coordinate among their affiliates on R&D entirely, this piece of
evidence suggests that such coordination is not a first-order feature of my data.

Table A.11: Evidence on R&D Center Independence

@ 2 3 4 ®) (6)
R&D and HQ shocks R&D and shocks in other countries

incl. HQ excl. HQ

R&Dind. In(patent) R&Dind. In(patent) R&Dind. In(patent)
Headquarter country char.:

R&D subsidies -0.000 0.122
(0.001) (0.144)
IPR protection -0.001 0.007
(0.001) (0.130)
In (researcher) -0.000 0.006
(0.001) (0.118)
Average char. of other countries where firm has an affiliate:
R&D subsidies -0.039 -0.109 -0.072 -0.145
(0.037) (0.182) (0.046) (0.390)
IPR protection 0.007 0.008 0.012 0.111
(0.009) (0.041) (0.011) (0.086)
In (researcher) 0.002 0.009 0.002 0.006
(0.001) (0.006) (0.001) (0.010)
Observations 3290430 21216 112731 34012 97773 21966
R? 0.571 0.740 0.724 0.768 0.666 0.707
Within R? 0.000 0.001 0.000 0.003 0.000 0.003
Time-varying controls Y Y Y Y Y Y
Affiliate FE Y Y Y Y Y Y
Host-period FE Y Y Y Y Y Y
Home-period FE - - Y Y Y Y

Note: Columns 1 and 2 regress measures of affiliate R&D on time-varying characteristics of the home country. Additional time-
varying controls are In(GDP), In(GDP per capita), and the human capital index of the home country. Headquarters themselves
are excluded from the regression. Columns 3 to 6 regress measures of affiliate R&D on the average characteristics among all
other countries in which the firm has an affiliate. Additional time-varying controls are the average value of In(GDP), In(GDP
per capita), and the human capital index of these countries. Columns 3 and 4 include headquarters as one of the affiliates;
Columns 5 and 6 exclude the headquarters themselves. Affiliate fixed effects are controlled for throughout. Standard errors
in parenthesis. Standard errors for Columns 1 and 2 are clustered two way, by home country and by firm; standard errors in

Columns 3-5 are clustered by firm. * p < 0.10, ** p < 0.05, *** p < 0.01.
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B Theory

This section provides additional details on model aggregation, the full definition of the competitive
equilibrium, and the proof of Proposition 1.

B.1 Aggregation

This subsection derives a few results under Assumption 1 for aggregation. For convenience I first intro-
duce the following lemma, which has been proved in Arkolakis et al. (2018) and is only included for this
appendix to be self-contained.

Lemma B.1. Suppose n = ()}, is a random variable with the following CDF:

N

1
1- () Nx,;"),v;n €{1,.N}, x >1
m=1

0, 3m e {1,..,N}, xpu <1

F(x) = Prob(m1 < x1,...,N < XN) =

Define { = maxy, Amtm, where Ay, m =1, ..., N are positive constants. Then the following holds:

1. The CDF for C is

1— A% ifx>A
Prob(g < x) = g .zfx T (B.1)
0, ifx < A.
. 0
where A = (% Y Afn> and A = max,, A,
2. The conditional expectation of ¢ above x is:
0 _
E[C|C > x] = 9_1x, Vx > A.
3. The conditional probability of the maximum value of Y, Ayt realizing at m is
A? -
Prob(m = argmax Aty |0 > x) = mg , Vx> A, VYm=1,2,..,N. (B.2)
m! Yom Am
Moreover, the distribution of ¢ conditional on the maximum value realizing at m is:
/
Prob({ > x'|m = argmax A1,y AT > x) = (x;)_e, V' > x> A, (B.3)
ml
which is independent of m.
Proof. 1. Vx, following the definition of {
Prob(Z < x) = Pr(Aim1 < x,..., ANyN < X)
x x
= < —, . < —
Prob(m < A N < AN)
(using the definition of F)
Lrox g\ _ i0.—0 _x
)= (;N[(Am) ]) =1- A", if x > max A, = A
0, if x < A.
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2. From Equation (B.1), for x > A, from part1, Vx’' > x

Pr({ > x'|0 > x) = ()7 _ (’1)79.

Therefore, the conditional distribution of { above Vx > A is Pareto with tail parameter 6 and scale
parameter x. Thus we have

E[Z]Z > x] =

Bx
6—1""

3. Forx > A,
Pr(m = argmax Aty N Apllm > x) = / Prob(Aumy < u,Nm' # m\Amiym =u) fm(u)du,
m’ X

where f,(u) is the marginal density of A, #y,. Foru > x > A, the integrand in the above function
is:

_ aPr(Alﬂl S u, Amﬁm S C/ANTIN S I/l)

Prob( Aty < u,Nm' # m|Apim = u) fu (1)

oC C=u

A9
= ngu_e_l.
Therefore,
6
Pr(m = argmax Aty AT > x) = “2x~P,
m/
And

Pr(m = argmaXxyy Aty N{ > x)
Pr({ > x)

Pr(m = argmaxAm/qml}g >x) =
ml

(% A8, )
0
Am

Zm’Ai/

Note that Vx’ > x > A

Pr(m = argmaxy Ay N> X' AT > x)
Pr(m = argmax,y Aty AN{ > X)

Afn 1—0

Rex

Ao

Prob(Z > x'|m = argmax A1,y AL > x) =
m/

/

=5

X

O]

Deriving Equations (1), (2), (7) and (8). With Lemma B.1, I derive expressions for a few aggregate

. . . . Tndp? .
objects. For convenience, define a new random variable {,;; = max;, V&'#{?’”; - Im, then from the first part
m M
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of the Lemma, the distribution of ,;; is given by:

(Seityo ) > T
x P
0/ X < COZd

Hoid(x) = PrOb(goid < x) = {1

ST

5 T = Tl 5 = 7 - .
where (i = <Zm N( ’“‘PO;"‘) ) and {,;; = maxy, % Here (7 and (,;y correspond to A and A in

Equation (B.1), respectively.
Noting that p,is(z",8) = %5 - ﬁ . le, the probability that the product is manufactured in m is simply
the probability that the best realization of (,;; realizes in m. From the third part of the lemma, this

probability is

1 Tmtpmm 0
m¢ N Wme >
Yoima = Prob(m = max oirn M| Coia > x) = ngs / , VX 2> Coid (B.4)
m Tmd NZm(Wl ;lm )

Because the conditional distribution of {,;; is the same regardless of which country ends up with the

maximum value for ;’;,LE”Z - m (Equation (B.3)), the above choice probability is also equal to the share of

sales produced in m.
For later use, I calculate the following:

/ﬂﬂ(Poid(ZP,C) < pa) - poia(z",m)'7dF(n) (B.5)
o o 1— 1 1— o o—1 ) )

o (0-_1) 0(27) U/aglpllpgoidded(gmd)

(under the assumption that — ;51 L > (,ig, Which is implied by Assumption 1.b)
0 e 1 1—(7/ Coid o

= GIP G L G-

(assuming 6 > o — 1)

_ 4 r1—o 7 — 1z pig

_9_(0._1)Pd ( gotdz )

(plugging in py)

_ 4 ‘7—109+170‘7W5C949+1J~, P\O

_9_(0._1)( o )Pd ( X, )1 (gmdz)

I define 7,;3(z") to be the expected revenue. Combine Equation (B.5) with the definition of 7,;3(z") to
obtain:

_ X . Y
Toal2") = 5 /nﬂ(”"id(zp'g) < Pa) - poia(z", )" dF () (B.6)
d
9 _ b (7% 9+1 LT
= o~ VX R W) T (")’
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Define the expected marketing cost incurred for a variety as ¢}, (z”), then similar steps give:

(") = W [ 1puale",2) < pa)dF(a) (B.7)
=€ Wd /U - dHoid (Coia)
71@?
-1
= c Wi (Zaia™ —paz")’
oc—1 9 -1 0
= (— >9mfa (ci"Wi) 7T X5 TP (Zoaz") -
The operational profit is simply the difference between markup and marketing cost, given by:
— 1 X . _ .
Toid (2") = (Tplda/ﬂ]l(f’oid(zpfg) < Pa) - poia(2", 1)1 7AF () - cj'wy / U(poia(z",8) < pa)dF(n) (BS)
d
1_ _
= Fau(2) — (")
(0‘ _ 1)1+9 _ Ve
“—w-10" " % (e l!) T XTT P (Liaz”)"

Equations (B.6), (B.7), (B.8) immediately imply:

Gi(z) _ 8- (0—1)

?oid(zp) B b
ﬁoid(zp) _ - 1
Toia(zP) B0

I now derive the aggregate price index P; and trade flows X,y

P = Lo R /zp /ZR U”i(ZP’ZR)[/,,ﬂ(p 0id(25,0) < Pa) - poia (2" m) ()] - goi (2", 2%)dzP R
:ZZROi/ZP /ZRUW'(ZP’ZR)[Q_(GJ(U 1)9 177X = P9+1 U(W )

T (Goiaz")] - oi(2F, 2R)dzP d2!

_ 0 0—1.0041-0 ach 9+117 / oo p

N 0 — (0'—1)( (o ) F ( ZZgOZdRUl [ UOZ Z Z gm(z z )dZ ]dZ
0 oc—1 Wi M =

= oo 1)( a ) pii-o( 2 Zzgmd/ YOV (2F)dzP.

Xoid = PU 1Xd Roz/ / voz ZR)[/ ]l(poid(zprg) < ﬁd) ’ poid(zplﬂ)ligdl:(”)] ’ goi(zp/ZR)dzpdzR

oc—1 oWhEM i,
= P{™ Xy o (o _1)( - )91’3“ g(#) e gid'Roi ZP(ZP)G[/Z voi(2°,28) - goi (2", 28)dzR|dz"

9 oc—1 0 Xd _6 h M 8H1=c =g PO P P
o o G W T [ () Vi)
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B.2 Definition of Equilibrium

Definition 1. Given the fundamentals, a competitive equilibrium of the model is characterized by a set of decision
rules, prices, and allocations, such that Yo,i,d = 1, .., N the following holds:

1. Firms’ production, market entry, and pricing decisions for each individual variety are optimal, which implies
that the following holds ¥z € ZF:

_ 9(7'—16(7'17;9751 - 0+1-0 , ~
roa(e") = 11 Xq PRI Wie)) T (Loiaz")! (B.9)
06— (c—1)
_ 0—(0c—1)_
Coia(2") = Tfoid(zp)
— 1_ _ c—1_
ﬂoid(zp) = Eroid(zp) - C%d(zp) = Wroid(zp)
ﬁoi(zp) = Zﬁoid(zp)/
d
where (g = — Ot )%
Coid [; N ( ernde> ]
2. Firms’ R&D and offshore R&D decisions satisfy the following:
1 T (Z =
02", 2%) = 2877 (7 ;\z/(h o (B.10)
1

(2, 28) = (T - 7%)( 1 )H (ﬁoi(zp)zR)ﬁ

<

() = [l 2gR T
R (2R +R Ryl
T0oi (Zoi®oi) = ¢i W,

3. The distribution of R&D center innovation efficiency in each host is consistent with firms” offshore R&D
decisions and the endowment distribution of the origin countries:

Ry = E, - (1 - G{f(z{;)) (B.11)
ZR o1

R/ R _i R sR (R | . oE L
goi(z )_ Roi]l(z >Zoi¢oi) EO gO((Pfi) (P(I){l

8oi(2",28) = " (2" |28)gai(2").
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4. Firm decisions are consistent with agqregate trade flows

Voi(zp) = Ry; - vm(zp ZR) Qoi (zp zR)dzR (B.12)
o T -6 1 o Xy o1 P\6 Pyg.,P
de_g(a—l) 9_(0_1)(UW ) <P; g‘) éozd/ (z ) Voi(z")dz

Xoimd = Woimd Xoid
oc—1
Yom = T ZXoimd

= () D
i = () D

1 ’_Y,YHoi
Cov =10 #d) - Eo- [1 = GF(25))] - chW/,

L =

and the aggqregate price indices

Pl—o’_e Y —0 1 U'WZ;CQA 671(1";]) (T 1 (P d P B.13
d (0’ 1) 9—((7—1)( X, ) Ezg‘”d/ "Voi(2")dz (B.13)

5. Workers” occupation choices are optimal:
Whay = W) (B.14)
Ld = Ld / g dAd(DC)
a>fy

Ly =Ly Ag(&q).
6. Labor markets clear
ngh 210d+2c +Zc (B.15)

7. Total income equals total expenditures

Xq = WIL + WiL, + Y (14 — CX) (B.16)
i

Note that once {&,, Wé, W{f{ :del,.,N}, {X;:del,.,N},and {P; : d € 1,..,N} are known,
all other endogenous variables appearing in the above definition can be calculated sequentially with
Equations (B.9), (B.10), (B.11), and (B.12). The competitive equilibrium can therefore be viewed as a
fixed point in {&, Wfi, W{? :del, ., N}, {X;:del,. N}, and {P; : d € 1,..,N}, so that Equations
(B.13), (B.14) , (B.15), and (B.16) hold, with endogenous objects in these four set of equations defined
implicitly as functions of wages, prices and expenditures by Equations (B.9), (B.10), (B.11), and (B.12).
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B.3 Proof of Proposition 1

Proof. 1 proceed in four steps. The first two steps express the real wage for low-skill workers as flow

variables. The third step derives the relationship between real wage and real income. The fourth and

final step combines results from the first three steps to derive }g—; as a function of several ratios and

calculate the gains from openness by setting some of the ratios to their autarky values, which is usually

1 or a model constant. I then compare my expression of the gains from openness to that in the literature.
Step 1: Expressing real wage for low-skill workers as flow variables

The first step derives Vg—j, and is a bit tedious. To give a broad direction, I will express P; as a function
of the share of consumption expenditures of country 4 spent on goods invented in country d. Intuitively,
P; measures competitiveness of the product market in country d; for any given level of domestic inven-
tion, if a higher share of income is spent on these inventions, then it must be because country 4 has a
poor access to varieties invented elsewhere, and P; will thus be high. In a similar vein, I will express
W} as a function of the share of consumption expenditures of country d spent on the goods produced in
country d. All else equal, if this share is higher, then the wage of country d is likely lower.

It will prove convenient to define K, as follows:

K, = /Z RESUAELrS (B.17)

Loosely speaking, K,; is the productivity-adjusted number of varieties invented in i by firms from o.
From Equation (B.13) we have the following:

Whe
P =0 ) (<1r— 1) (= ) ZZCM/ Vi)

oo _ 1 O'WC 1
=07 99—(0—1)( X, d) }:Zém K

Similarly, from Equation (B.12) we have:

J— v —0 1 Xd Ll ‘
X‘”d_e(cr—l) 0—(0—1)( Wi ) (P[} ‘7) CoidKon

Define AL, = LnX Sugend, which denotes the share of expenditure in country d spent on goods invented
in i by firms from country o, I obtain:

o Bk B e
” Xa Zo,i ggidKoi P{;e c—1 0 — (0’ — 1)

1 ( oWheM ) L
X4 ’
which implies

0—(c—1)

h-M\ —=g
o \—0 1 oWycq -c % .
9(071) 0—(c—1) ( X4 oidKOl

(B.18)
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Now consider W!. Define A1, = Loj X ’Xd“’dd as the fraction of country d’s spending on goods produced in d,
regardless where it is invented and which the headquarter countries of the firms are.
Tm¢mm 0
Noticing /\;d =Y 1/Joidd)\§id and recalling iy,g = Nvé%, we have
oid
1 Td%d 0
N
/\Zi-d = Z " Tdd Aozd (319)
0,i ozd
(T 4’
~( d nk AE
= d )\T Z % 01d
dd o,i ozd
Combining Equations (B.18) and (B.19) gives
0—(c—1)
) i () T ATk Bk
_ . =1/ 8-(c-1)\ Xa d dd
P (W) = T DR i) AL dj;{: (B.20)
dd 0, ozd ddd
(- )6 1 (owth)a = o
ﬁ 97(071) Xd 1 P 0 ddd Kdd
= T [Z*(Td(:b 'd) AL d] E
Add o,i N ” ozd o Addd

70
The term [Y,;  (Ta¢p%;)° %ﬁ,d: AE.] broadly captures the importance of country d as a production location,

which can be derived as a Ofunction of flows as follows:

Td(Puzd)
on‘dd —A\E Wity
oid ° =0
Xd oid
Xoidd E gddd 1 Tadlbisvo
—
X, Caa = Ao Y = ( Wit )
Xoidd 70 I $aa 1 P \6
= ;(ld ChaaWy)? = AL, - zo 'N(quboid)
Xoiaa T} E gddd 1
— e
Xd wdddd oid * md ( d¢ozd>
T? X,; 2o 1
d oidd E ddd P \0
lpdddd 0,i Xd 0,i oid ozd N( (Pmd)

Yo Xadmad Cddd 1 P \6
. T0Lm Sddmd T AE T,0F
X dd = Z oid * 0 N( Poid)
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Plugging this into Equation (B.20), I obtain:

0—(c—1)

9(L)-9 1 ((TWhy) 1o
N AV S G A o Lim Xddmd AT Kag
( d) - T T Y~ dd " 3E
Ada Xdddd Adad

py C o 1 (awgcgﬂ)"l‘”a” 9. Yo Xadmd  Kaa

0'—1) 0—(0’—1) Xd dedd /\ddd
Zm Xoimd o Zo,m Xodmd . Zm demd

(noting that AL, =

Xs X4 Yo,m Xodmd
1 WheM  f=te=1) X %
_ r0g(—T -0 (‘7 iS4\ 1o Yo Xddmd d_ Yom Xodmd Ky
o—-17 0—(c-1)\ Xy Xaddd — Lom Xodmd L Xddmd

(noting that Tg ,0,0, CQA are constants )
W} )
Py

o (ﬁ)?{%}, Xadad  \~1  Lom Xodmd)_l - (L Xadma. Yo Xddmd | 1

1
[ 6 9. Kdd 9,
X4 Yo,m Xodmd )77 (Kaa)

:> .
( Yo Xddmd X4

. . . X, X
We can already see that the real wage for low-skill workers is a function of ngg"’d , Z”"X odmd - L ..,
m Xddmd d Yo,m Xodmd

They capture the importance of foreign locations for production, the importance of varieties developed
outside the country, and the importance of foreign firms in domestic R&D, respectively. Note also that
all these ratios equal to one in autarky. Define X be the ratio between the baseline variable x and its value
in autarky x’/, we have:

— =
Wa _ (Wi ytesig _Kaaaay-3
Py X4 Yo Xddmd X4

X
Yo,m odnd -} (sz P;ia:ndd)é - (Kaa)? (B.21)
0,m oam

Step 2: derivin /ngd
Now I derive Ky; = K‘;'d , where K/, is the autarky value of K;;. Assume that the total number of high-

skill workers in country i working directly on variety development is LK and let LR be those working at
R&D centers from o: LR = ¥, LR. Note that LR is endogenous variable even though the total number of
high-skill workers is assumed to be exogenous for this proposition.

LE =R [ halz" 208z - gh ("
- .(~P R %
= Ry [/ZR(W) g gh ()"

= ()R L[ @R b [ P et

P 1Q 1 P. =P _ noi(zp)
where I define 77); as the component in 77,;(z") that is independent of z": 75, = Ze;Z)

(=)’
Summing across all origin countries:
R T\ RY15 R (,RY 7R P\1% o P (P3P
LF = () DR ()L, (gl e [ gl e (B.22)
= LR
:(%)H =P\ 15 RLRZR R PYT%5 oP (5P P
i Lo Roi + (76i) 77 [ J 0 (2) 177 85 (2R )d2R] - [ [0 (27) 777 8 (27 ) 2" ]
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With this, now I proceed to characterizing K. By Equation (B.17):
o P\Ov/ (- P\3.P
Kyi = /ZP (2P)0V,i(2")dz

- ZP(ZP)BRoi[/ZR voi(zP Z )goz(z z )dz ]d

(under the assumption that z® and z” are independent)

=Ry [ G valf 28 (=" gk (=" )d="

= Ry (7)™ (L) T g e () () gl

Wi

— (o) Ra (T RN ([ gk

(plugging in Equation (B.22))

:<LR>«R--<*P>%-U g ([ () gl )
(S Roi - (78) 7 [ [ (2R) 7 gR (zR)dzR] [fzp<zp>1*g§< P)dzP])"

1-y

=@ (Ra- 1,2 Rlvgox )dz RJ-[/ZP«ZP)%gZ(zP)dzP])
(Roi - ()™ - g 2T 8RR - o () gy (2F )]
(Lo Roi - () ™ [sz<zR>ﬁgoi<zR>dzR1 - [fzp<zp>%g5<zp>dzp]>v

X

= (107 (R [ T gh @A G enaz) )
= (7 (R [ 2T [l enat)

where the last equation follows from that all researchers in a country are paid the same wage and the
definition of I,;.
Specializing the above equation to 0 = i = d, noting that because domestic firms always do R&D

1 1—y
locally, (Rag - [ [,x 2877 g5, (2R)dzR] - [ [,5 - zp)%ggd(zp)dzp]) is a constant that does not respond to

economic shocks and that in autarky, Id"’ =1, we have

= - Lia

K;; = LR v, v (B.23)
=L (=)

LX Lag .
)7 ( )
L Zo Iod
Lf}/LZ)%( Lig
L};,/LZ Zo Iod

=

= (

)",

in which Lg’ is the number of high-skill workers in country d working on variety development in autarky.
Since in autarky a fixed share of income is given to marketing and moreover, there is no fixed overhead
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for offshore R&D (as domestic firms do not pay the fixed R&D center setup cost), it follows from Equation
(B.12) that LK /L = %. The only item in K that is yet to be characterized is thus LY /L%, To
this end, note that

@ o Zo Iod
Lt Yy, Ly+Yy,CM CR
d Zo od Zo od + Zo#d od
1 0—(c—1)
(using CM = o ( ) Zxozmd
Zo od

Ty L+ 0D Xy + Yo 2a CR,
Note also that for 0 # d, given the assumption of GX(zR) being a Pareto distribution, I can write the total

fixed cost paid by firms from o opening up R&D centers in d as a function of total profit generated by
these R&D centers. Letting 2X, be the cutoff for firms to conduct offshore R&D in d:

inf
R _ Ryh R (sR
Cot = CoaWa Eo " dG, (%)
od

inf x i
= cNWIE, & dll — (Zx) "]
od =0

X
= coWiEo /R d[l — (?) ]
AR =
= R WIE, (Z )R

=0

The indifference condition at the cutoff implies:
T (28) = [ a8l 2 )Gl ")
_ 1)1+6

= (2898 ™7 - (77 = 7) (wh>”[29_ A AN

1

)17 [ (1) TGl (")

a

=Zod

L
= ( od(Pod)1 : ZOd
= W,

in which Z,; is introduced to shorten the expressions. This gives:

L L cRwh
( ) - ((Pod) =r = 0; d
od
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Total variable profit from od is

Mg =Eo [ 7a(20)dG(2F) (B.24)

Zod ‘Pod

(e} 1 .
= Eo-Zt- [, (259 7TAGH ()
od

1
(using that [ (£¢l) T7dGE () = (o) 77 20
Zod 1_,)/

. el
= Eo - Zoa - ()™ 'KRj'(Z?d)H

(plugging Z,; =
= Eo - chWJ - (

—CcR.__*
od KR _

1
1—y
R__1_
i.e., we obtain the fraction of fixed RD cost as a share of profit as: L KRl’” , which is assumed to be below
1 for profit to be integrable.
Plugging this into Equation (B.23), I obtain

> Laa 2o Lod 0—(1—7)(c—1)\"
Raa = (Z I ) ( KR~ = (a )y y(o—1) ) (B25)
0 “od Yo loa + —x+ Eo;&d [T + X4
:( Lig )’Y( 1 .9—(1—’)/)((7—1))'7
Zo Log 1+ KR*ﬁ 1=y Yoz loa + 0—(c—1) X4 ’)’(0’ — 1) !
KR Y Zolod (24 Ea Iod

in other words, I?dd is only a function of 1) the fraction of R&D done by firms from d, Zldid, and 2), the

. . .. 1
fraction of variable R&D expenses in income: Zgg—d""’

—

h 1
Step 3: deriving % and ﬂ

I now deriving ratios between baseline and autarky values for v}x{z and . Note that because the
G oown w
supply of high- and low-skill workers are exogenous, X;’ = }"(d 4 and Xg = X , i.e., we only need to

derive the change in income share of high- and low-skill workers.
xR _

1
—1
WILE Lo lat— L5 Ko s Lot P X,

From Equations (B.15) and (B.24), we have = X; , In autarky, this
ratio collapses to %, so we have
TArh R 1
M: of '[Zolod_FK _Ehl—’)"zo#dlod#—e—(a—l)] (B.26)
Xy 0—(1—9)(c—-1) X, kR 0% X4 0o ’ '
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W L Y, . .. -1
From Equation (B.15), we have—-¢ = 3£ In autarky, this ratio is simply —=,50

W oY,
d d
== = ———. B.27
Xd c—1 Xd ( )
Step 4: Putting all together
Combining Equations (B.21), (B.25), (B.26), and (B.27), I obtain:
X Wi X
— =(=") X (—= B.28
= N e
_ (% et Xdadd -1 (Zom oy~ . ¢ Lo Xdama \-1 (Kb x (ﬁj)
X4 Yo Xadma X4 Yoo,m Xodmd W)
Xagaa -1 (Zom odmd 4 ( L Kedma_ Y Xadmd )4 x Laq Y
Y Xddmd X4 Yo,m Xodmd 2o Loa
x( 1 B (1=7)(c—1)\7
ka% 1— Zo Io 9—(0’—1) X ’Y g — 1 )
k- has o A
1 —
X( i .[Zolod+KR_H_1_7,20#1110!1_1_9_(0—_1)])?1*;1 Xd -1
0—1—7)(c—1) = Xy xR 0% X4 O Yd o
_ (. Xddaa -1 (Zom odd )} L X Lo Xadmd \~3 Lo ) x X Xf(zo od Lad /
Y Xddmd X4 Yo0,m Xodmd 2o Loa d Xa " Yo loa

in which f (Zg(—i"d, Zld‘l’ d) is defined to be a function of only model elasticities and two measures, Zgg—i”d and
Iyg 15

Yo loa®
This completes the proof of Proposition 1. This proof holds when z® and z” are independent. But
accommodate any arbitrary distributions for G’.(z”) and flexible Pareto distributions for GX (zR). O

B.4 The Gains from Openness in the Literature

I compare Equation (B.28) to the gains from openness in Ramondo and Rodriguez-Clare (2013) and
Arkolakis et al. (2018), both of which feature trade and offshore production, but not offshore R&D. Their
formulas are given by the following:

Arkolakis et al. (2018)

GOy = [(yr(Emsimtyfy (3] -1, (B.29)

Direct Effect (Ramondo et al., 2015)

where «, B, and ¢ are model elasticities that differ due to exact setups of models. Because Ramondo
and Rodriguez-Clare (2013) and Arkolakis et al. (2018) assume R&D takes place at the headquarters,
Xoimd is not defined. Instead, the gains from openness is a function of X4, defined on headquarter
(R&D) country o, manufacturing location m, and consumption location d. The direct effect in Equation

15¢ (Z‘)’(—i”" Zﬁd? ) collects the remaining terms and can be rearranged to be:
1777 1
I

11 B
£, ) = 0+ B (- ) + S e (B T (e ) Ty i ) el et

constant
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(B.29) captures the effect of openness on the real wage, whereas the indirect effect takes into account the
difference between the real wage and real income.

To compare this to my model, note that when ¢F, is independent of i (e.g.,, when s = 0 in my
quantification), where a product is invented has no bearing on its production location. In this case, the
tirst four terms of Equation (B.28) is

X Xaida - Eom Kodmd 4
Yomi Xdimd X4

Lig

Zo Io,d

_1 Lig 2
)78 x( )
Zo Log
(M)*% captures the importance of importing good produced in other countries, as does the first

Zm/i Xdimd
Zn/m Xodmd

term in Equation (B.29). (T) ~i in the above expression captures the importance of access to goods

invented in other countries and corresponds to the second term in Equation (B.29). ( Zlﬂ’f - )_% is new to

the literature. Tt captures the importance of foreign firms in R&D at host d, which to the first order is
captured by the share in total R&D expenditures of foreign firms. ():j"fm )7, on the other hand, captures
an offsetting effect from the labor market—foreign R&D centers compete with domestic firms for high-
skill workers and crowd out the R&D of domestic firms. The importance of this channel is also captured
by the foreign R&D share, only with the elasticity scaled by <, the researcher share in innovation.
Finally, the indirect effect in my model (%’ X f (Z”X—i"d, Zid?od )), which takes into account changes in in-
come composition due to openness, also differs from that in Equation (B.29). Aside from elasticities, the
main difference is that whereas in Equation (B.29) the indirect effect only depends on %, in my model
it also depends on the share of R&D in total income and the foreign share of domestic R&D. Both differ-
ences arise because endogenous offshore R&D redistributes the innovation rent between headquarters

and R&D hosts.

C Quantification

This section provides additional details on quantification.

C.1 Additional Data for Quantification

Sample countries. The model economy consists of the same 37 countries as in the empirical section. See
section A.3 of this appendix for a discussion on the sample selection. Among these countries, Ireland is
frequently dubbed as a ‘tax-haven’ country, in which reported financial statistics might be unreliable. I
include Ireland in the sample because this allows me to not take a stand on how to redirect the foreign
linkages that run through it. That said, if these links are simply assumed to be non-existence, measured
openness for other countries will be similar.

Country-specific openness measures. In disciplining host specific barriers to inward MNC activities,
I use three targets: the share of production by foreign firms, the share of innovation by foreign R&D cen-
ters, and the share of foreign R&D centers in total R&D center counts. These targets are calculated from
the firm-level data described in Section A.3, with the following modifications. First, given my interpre-
tation of the model as for manufacturing, I focus only on manufacturing firms in calculating these ratios.
Second, all firms in the model carry out some R&D, but not all firms in the data are granted patents. In-
stead of using the joint sample to construct the ratios, I use the full financial sample to calculate inward
offshore production measure, and the full R&D sample to calculate the two (extensive and intensive
margins) inward offshore R&D measures. Third, for the three countries for which the financial data
have relatively low coverage (Mexico, Turkey, U.S.), instead of aggregating the firm-level data, I use the
aggregate shares from Ramondo et al. (2015). Finally, recent research has found that patents granted by
the Chinese patent office to local firms are systematically less likely to be global patents than the patents
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they grant to foreign firms, suggesting differential treatments based on where firms are from (Holmes et
al., 2015). To avoid biases arising from potential discriminatory treatments, I exclude all patents issued
by the Chinese patent authority when calculating the inward offshore R&D ratio for China. Table C.1
reports the three openness measures.

Endowment distributions. The calibration uses the World Management Survey (Bloom et al., 2012)
and an internationally comparable cognitive ability score database (Hanushek and Woessmann, 2012). I
take the exponent of the innovation management score so that its distribution has a right tail that resem-
bles the firm size distribution. I compute the mean, standard deviation, and skewness of the exponent
of scores in each country, which then serve as an input to the calibration. The distribution statistics for
cognitive test scores are from Hanushek and Woessmann (2012). These statistics include the average
cognitive score for high school students in a country, the share of students achieving ‘top” performance,
and the share of student achieving ‘basic” performance. Thresholds for ‘top” and ‘basic” performance are
defined based on a common set of standards so these shares are comparable internationally.

A few countries in the sample are not included in the World Management Survey. I impute their
management distribution statistics by regressing each statistics on income, R&D share, and geographic-
region fixed effects, where geographic regions are at sub-continent level. The inclusion of income is
motivated by the finding in Bloom et al. (2012) that management knowhow explains a substantial share
of cross-country income differences; the inclusion of geographic-region fixed effects is meant to capture
management practice differences driven by culture. The R? of these regressions are all above 0.85.

Table C.1 reports these statistics for all countries.

C.2 Parameterization

Bilateral trade costs. I assume that the iceberg trade costs are symmetric and that trade cost with own
country is 1, i.e., Ty = 1,Vm and 1,59 = T4, Vin # d. Under these assumptions, the approach in Head
and Ries (2001) generalizes to my setting.

To this end, using Equation (B.12):

1 T
Xoimd ozdlljozmd = Bd N ( MI;ZICP;ZZ )

BO,i/

where B; and B, ; are functions of the equilibrium objects in d and in (o,7) introduced to shorten nota-
tions. Using this expression, we have:

Zo,i Xoimd . Zo,z‘ Xoidm

Yoo,i Xoimm  Yoo,i Xoidd

B (Wlfd) Zoz(Pozm 0,i B (wlem) 201470101 0

X
B (WylnTmm) Zol¢ozm 0,i B (Wl ) 2014)01{1 0,i
—26

atdd

= (de)

Notice that although the flow items such as X,;,,4 are not observable, }, ; X,i4,, is simply the total sales
from d to m, which is observable.
Slightly abusing notations, I write T, = (Z2iyund . ZeiZoin)—g; — (Xt o Xin)=%  where X4 de-
ightly abusing notations, I write T,y = (£ % T X = (g x R , where X,,; de
notes the sales from m to d as in the gravity literature. I obtain these sales for the aggregated manufac-
turing sector from the World Input Output Database.
Relating production efficiency to innovation efficiency. To discipline the relationship between

firms” innovation and production management efficiency, I use micro data from the World Management
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Table C.1: Calibration Targets: Country Characteristics

Income and Openness Innovation Mgt. Dist. Talent Dist.

X Y Vi Yorm Yom — Lorti Voi  Loti Roi o . o
ISO T Yo T 7R, Mmean std skew. mean % basic % top

AUS 081 1.03 60.87 39.78 3338 643 3.64 1.88 509 93.84 11.24
AUT 076 059 63.09 4549 4170 691 414 215 509 9311 9.74
BEL 081 045 8231 58.85 5432 714 448 227 504 9313 9.38
BGR 029 0.05 32.02 19.02 17.04 680 393 1.50 479  76.53 8.30
BRA 026 1.10 19.17 5758 4673 526 333 234 3.64 33.85 1.09
CAN 073 120 3535 5221 4755 840 6.09 201 504 94.84 8.33
CHE 090 1.51 36.21 41.68 4457 740 488 241 514  91.85 13.36
CHN 0.17 19.84 2393 4152 2193 594 274 1.85 494  93.48 8.34
CZE 052 028 6214 2659 2289 647 344 1.33 5.11 93.07 12.22
DEU 0.77 6.85 4654 2816 2994 821 525 220 496  90.60 10.52
DNK 080 040 63.62 3837 3826 728 546 275 496  88.78 8.75
ESP 074 115 49.89 2209 1693 529 346 221 483  85.88 793
EST 046 0.03 5349 2848 3427 6.11 371 214 519 9732 9.46
FIN 073 080  28.05 2486 1843 6.84 479 251 513  95.78 12.39
FRA 082 3.89  42.68 26.58 4034 643 425 252 504 9262 8.49
GBR 070 185 8773 6295 5321 736 504 224 495 9288 8.79
GRC 059 0.09 2451 50.08 80.00 563 370 1.89 4.61 79.77 4.24
HRV 051 0.03 2834 5337 60.87 545 321 1.93 470 8335 4.76
HUN 048 0.08 4770 61.09 38.01 656 357 137 505 9411 10.28
IRL 113 0.69 77.34 73.67 6878 714 6.73 3.86 499 9137 9.40
ITA 079 123 33.85 43.84 29.03 647 415 217 476 8754 5.45
JPN 0.63 1176 6.65 1.99 1742 783 557 1.82 5.31 96.67 16.76
KOR 0.60 487 971 6.72 1433 7.06 442 192 534  96.16 17.84
LTU 055 0.04 4693 2030 1676 670 459 244 478  89.07 297
LVA 045 0.02 3821 6.07 3125 594 345 2.05 480 86.95 4.99
MEX 034 0.33 17.80 55.01 6430 690 443 1.66 400 4893 0.88
NLD 0.80 201 93.21 3027 2958 734 479 237 5.11 96.54 9.16
NOR 134 039  46.67 3227 22,60 881 772 354 483  89.44 5.61
POL 051 047 4996 1461 2463 725 460 1.73 485  83.76 9.86
PRT 055 021  46.40 2620 4078 538 299 194 456  80.27 3.16
ROU 041 0.06  64.47 5275 47.65 6.63 3.68 141 456  78.05 4.56
RUS 042 232 3517 11.63 1363 6.82 396 151 492  88.35 8.05
SVK 053 006 67.86 2771 4479 6.89 406 154 505  90.55 11.16
SVN 051 0.08 36.61 1717 1996 540 314 1.90 499  93.89 6.12
SWE 079 113 4839 4320 3443 706 417 1.99 5.01 93.94 8.76
TUR 054 073 6.34 2012 2386 586 258 2.09 413 5823 3.92
USA 1.00 3238 15.29 1577 13.62 1094 815 215 490 91.82 7.33

Note: This table reports the country-level statistics used as targets in parameterization. The first set of targets are on the income

and openness of countries, corresponding to Panel B of Table 7. These columns are: real income (U.S. normalized to 1), the
contribution (%) of a country to the world world R&D (based on the origin of firms), the share (%) of domestic production
by foreign firms, the share (%) of domestic R&D by foreign R&D centers, and the share (%) of foreign R&D centers among all
active R&D centers in a host. ‘Innovation Mgt. Dist.” refers to the sample distribution statistics constructed from the World
Management Survey as described in Section C.1. “Talent Dist.” refers to the talent distribution statistics from Hanushek and
Woessmann (2012), in which “Mean’ is the mean score for a country, and ‘% basic” and “% topc’ are shares of students achieving

‘basic” and ‘top” performance, respectively. The performance standards are common across countries..

32



Survey to estimate the following equation:

P R\ __ eXp((50+(s] X ZR>
Prob(z" € H|z") = T+ exp(3 31 X 28)° (C.1)

This dataset covers around 11338 firms from 34 countries. I classify a firm as being a H type, if its pro-
duction management scores falls in the top 5% in the sample. Table C.2 presents summary statistics on
this score and the indicator for H type. Table C.3 presents results from a logit regression of Equation
(C.1). Column 1 uses no fixed effects whereas Column 2 includes country fixed effects. Both specifi-
cations find positive and statistically significant coefficient, consistent with strong correlation between
innovation efficiency and production efficiency. Based on the estimates, I set §; = 0.21 and Jp = —5.

For illustration, Figure C.1 plots the parameterized distribution for the U.S. About 12% of the Amer-
ican firms end up being a H type.

Table C.2: Firm Management Score Summary Statistics

Variable Obs Mean Std. Dev. Min Max

zR 11338 6.68  4.92 1 54.6
1(zP e GE) 11340 .051 022 0 1

Notes: This table presents summary statistics for firm-level innovation management scores and the indicator for whether a firm is in the top
5% production efficiency.

Table C.3: Estimates for ¢y and &,

¢y 2
1(zF € GF)

zR 0.213**  (0.210%**
(0.00719)  (0.00797)

cons -4.921%* -
(0.0950) -
N 11338 10637
pseudo R>  0.251 0.281
country FE yes

Notes: This table presents results from a Logit regression of the high production efficiency indicator 1(z” € GI}), on firms’ innovation efficiency,
zR. The high production efficiency indicator takes a value of 1 if the production management score of a firm is in the top 5% in the world. The
second column controls for country fixed effects. Standard errors are in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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Figure C.1:

The U.S. Firm Knowhow Distribution
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Notes: The horizontal axis is the support of the innovation efficiency for firms from the U.S. The dashed line (left axis) is the probability density
function of the innovation efficiency. The solid line (right axis) is the probability that a firm with a given zR obtains a draw from G}, (z"), i.e.,
the value of Equation (C.1).

Geographic friction parameters. Table C.4 reports the 22 targets used to pin down 17 geographic
parameters. The left panel is the data, corresponding to regressions discussed in Section 2.3. The brack-
ets are the 95% confidence intervals of these coefficients. The right panel reports the corresponding
regression coefficients estimated with the exact same specifications using model-simulated data. The
coefficients in general match the data counterparts closely. I highlight using underline the three coeffi-
cients that are outside the 95% confidence interval of the original coefficient. In all three cases, they are

not too far off.

Table C.4: Calibration Targets: Geographic Friction Parameters

A.Data

B. Model

Headquarter Effect (Table 5)

Colocation (Tables 5 and 4)

Headquarter Effect

Colocation

Dependent var. R&D indicator log (R&D) log(sales) log(sales) log(sales) ‘ R&D indicator log (patents) log(sales) log(sales) log(sales)
log(dist),), -0.002 -0.129 -0.282 -0.253 -0.0001 -0.118 -0.271 -0.271
[-0.003,-0.000] [-0.197,-0.062] [-0.337,-0.227] [-0.291,-0.214]
Common language,, 0.020 0.258 0.162 0.094 0.018 0.285 0.116 0.0953
[0.011,0.029] [0.117,0.399]  [0.030,0.294]  [0.021,0.168]
Contiguity,y, 0.002 0.106 0.185 0.174 0.003 0.0741 0.176 0.172
[-0.001,0.006]  [-0.036,0.248]  [0.059,0.311]  [0.103,0.245]
Colonial tie, 0.002 0.029 0.153 0.129 0.009 0.0117 0.121 0.111
[-0.006,0.009]  [-0.102,0.160]  [-0.002,0.308]  [0.057,0.201]
R&D center indicator 1.198 1.042 1.106 1122
[1.147,1.259]  [0.991,1.092]
log(distg ) -0.0235 -0.0048
[-0.073,0.025]
Common languageyy, ¢ 0.220 0.210
' [0.120,0.319]
Contiguity s ¢ 0.143 0.141
[0.046,0.239]
Colonial tie it 0.090 0.153
[0.001,0.179]
Firm FE Y Y Y Y Y Y Y Y Y Y
Host FE Y Y Y Y Y Y Y Y Y Y
Home-host FE N N N N Y N N N N Y

Notes: This table reports moments that pin down geographic parameters. Panel A is a collection of reduced-form regressions, reported in
Section 2.3 of the text. The bracket under each coefficient is its 95% confidence interval. The right panel reports results from regressions using
model-simulated data. Coefficients highlighted by underscores are outside the 95% confidence interval.
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C.3 Additional Counterfactual Experiments

A prediction of the general equilibrium model is that an increase in the manufacturing productivity of
foreign firms in a host has an ambiguous impact on inward offshore R&D. On the one hand, due to the
colocation effect, an increase in foreign production can draw in additional R&D; on the other hand, the
general equilibrium force will push the country to specialize in production, which increases the wage
and deters more foreign R&D centers from entry. The strength of the general equilibrium force depends
on the share of domestic production devoted to locally invented products. It will be stronger, if most
production in a host is for varieties invented elsewhere, in which case an increase in production effi-
ciency of foreign firms will lead to a substantial increase in the total production. Conversely, if a country
currently does not produce varieties invented elsewhere, then the increase in offshore production will
be relatively small and the partial equilibrium effect will dominate.

To see which force is stronger, I consider a set of experiments, in which I increase the openness of each
country to inward production by increasing ¢, by 10 p.p. Figure C.2 plot the results. The vertical axis is
the percentage point change in inward offshore R&D shares. About half of the countries have a negative
value—for them, the general equilibrium effect dominates. The horizontal axis is the share of domestic
invention over domestic production in a host, which captures the relative importance of local invention
for local production. As anticipated, countries producing more relative to their own invention—those in
the left part of the figure—experiences bigger decreases in offshore R&D.

Figure C.2: Inward Production Efficiency and Inward R&D
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Notes: The figure plots the change in offshore R&D in response to a 10 p.p. increase in ¢%, in each country . The vertical axis is the percentage
Zn,m’,d Xomm’

point change in inward offshore R&D; the horizontal axis is the baseline equilibrium value of Wf, i.e., the total sales of all varieties
0,i,d “oim

invented in m over total sales of all goods produced in .

C.4 Numerical Implementation

Table 7 of the text summarizes the three categories of parameters and the corresponding moments that
identify them. I design a nested fixed point algorithm based on the feature of this problem to pin down
the parameters efficiently. Before explaining the algorithm, it is useful to review the conditions charac-
terizing the competitive equilibrium.

As discussed in Section B of this Appendix, Equations (B.13), (B.14), (B.15), and (B.16) jointly charac-
terize a fixed point system in wages and occupation choice {W" W}, 4, : d = 1,..N}, prices {P; : d =
1,..N}, and aggregate expenditures {X; : d = 1,..N}. Furthermore, the moments that identify (subject
to normalization) manufacturing TFP, {T,,|m = 1,..., N}, measure of firms, {E,Jo = 1,.., N}, and host
fixed effects in offshore activities {¢F, pR, ¢R|i,m = 1,.., N} are characterized by the following system
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of equations:

X e

Ty : Pm = Real GDP,,,, m =1,..N (C.2)
m

£, Zili o Dili )y

: = , 0
Zo,z' Ioi Zo,i Ioi
Zo#m YOm . Zo;ém Yom

P
: = ,m=1,.N
(Pm Zo YOm Zo Yom
oF - Logiloi _ Lopi Ioi’ i—1.N
Zo IOZ' Zo Ioi

ey LoziRoi _ LoziRoi
b Zo Roi Zo Roi ’

The the right-hand sides of these equations are the data. The left-hand side are their model counterparts.
I write in front of each equation a fundamental variable (e.g., T;;) to stress that the model predictions are
a function of these fundamentals.

Together with Equations (B.13), (B.14), (B.15), and (B.16), Equation (C.2) characterizes a fixed point in
the model fundamentals and endogenous outcomes, such that: 1) the solution to the fixed point problem
is a competitive equilibrium; 2), the solution to the fixed point problem ensures that the model matches
the data exactly as specified in (C.2). I implement the following algorithm.

i=1,.N

1. Choose ;z and x”.

(a) Choose the 17 parameters governing bilateral frictions and colocation pattern: {gF™, gPim gR peRYy
and s

i. Solve Equations (B.13), (B.14), (B.15), (B.16), and (C.2) jointly for the following: {W{fl’, Wé, ag:
d=1,.N},{P;j:d=1,.N} {X;:d=1,..N}, {Tyjm =1,..,N}, {E;Jo =1,..,N}, and
{95, R, ¢:K]i,m = 1,..,N}.

ii. Simulate 5e4 firms. I assign the number of firms from a country to be proportional to its
size and draw ZR for these firms from its calibrated knowhow distribution.

iii. Solve for the optimal offshore R&D and production decision of these firms. Then estimate
the same specifications as in the left panel of Table C.4 using the model-simulated data.

iv. Evaluate the objective function f = 2%2:1 (X"ﬁ;k’?")z, where xi, k = 1,...,22 is a model-based

regression coefficient, Xj is the empirical estimate, and 0y is the standard error of £.

(b) If the choice of {p"°™, g™, B~, B*} and s minimize f defined above, proceed to step 2, oth-
erwise return to Step 1.(a) and try a different set of parameter values.

2. Compare the model-based firm size distribution to its data counterparts (Panel A of Table 7). If
they are close enough, exit; otherwise return to Step 1.

Some additional details on implementing the above algorithm. First, in searching over the space
of the 17 geographic parameters, I try multiple starting points using two algorithms implemented by
Knitro, interior point and active-set. Both algorithms give similar results.

Second, in solving for the fixed point problem in Step 1.(a).i, for a given set of fundamentals and
aggregate prices and wages, I evaluate the endogenous objects in Equations (B.13), (B.14), (B.15), (B.16),
and (C.2). These objects can be found by sequentially calculating Equations (B.9), (B.10), (B.11), and
(B.12). Most of these expressions are analytical and hence can be directly evaluated. For the ones that
cannot be analytically evaluated, I approximate their values numerically as follows. First, the cutoff
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for offshore R&D, 2(1;» is given by the implicit function in Equation (B.10). I analytically integrate over
7,i(zF, zR) to obtain function 78 (zR),!® and then determine the cutoff X as the indifference point for
offshore R&D 7R (2R¢R) = cRW! using the Brent method. Second, V,;(z") in Equation (B.12) is a an in-
tegration of v,;(z", zR) over ZR space; moreover, V,;(z") itself becomes an integrand for X,;; and P;. For
this step analytical integration is not available. I approximate for V,;(z”) numerically using an adaptive
Cash-Karp algorithm. The number of such numerical approximations for each evaluation of Equations
(B.13), (B.15), (B.16), (B.14), and (C.2) increases quadratically with the number of countries in the sample;
solving the equation systems and then finding the best-fit geographic parameters requires thousands of

such evaluations. Step 1.(a).i is implemented in C++ to speed up the computation.
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= Prob(zh|zR) - /ZP nR (2P, 2R)dGy (zP) + Prob(2F|2R) '/ZP ni(zP,z8)dG (2F)

Ea
Note from Equation (B.9) that 77,;(z”) is linear in a power function of z, and thus so is n&(zF,zR) = (¢ —
1

1 fae =
AT <#> o (ﬁoi (zF) - ZR> 7. With GY, and G! being Pareto distributions, 77X (zR) thus can be written as a function of
R

z" in an analytical form.
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