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ABSTRACT

Essays on Multinational Production and International Trade
by

Vanessa Alviarez

Chair: Andrei A. Levchenko

This dissertation studies the determinants and the consequences of multinational
production. Using unique datasets and extending extant theories, it analyzes two
channels by which multinational networks affect economic performance: comparative
advantage and intra-firm trade.

In the first chapter, “Multinational Production and Comparative Advantage,” I
assemble a unique industry-level dataset of foreign affiliate sales to document a new
empirical regularity: multinational production is disproportionately allocated to in-
dustries where local producers exhibit comparative disadvantage. Then, it shows
analytically and quantitatively that multinational production raises average produc-
tivity while lowers sectoral productivity dispersion in the host economy. By inducing
a larger transfer of technology in sectors where the host economy is relatively less pro-
ductive, multinational production weakens the host country’s comparative advantage.
To measure these channels, this paper incorporates sectoral heterogeneity into a Ri-
cardian general equilibrium model of trade and multinational production. The model
is estimated to measure the extent of technology transfers across countries and sectors
as well as to quantify the welfare effects of multinational activity. The heterogene-
ity of foreign affiliate sales across sectors is quantitatively important in accounting
for welfare gains from multinational activity. In particular, gains from multinational
production are 15 percentage points higher compared with a counterfactual scenario
in which foreign affiliate sales are homogeneous across sectors. Furthermore, as a

consequence of the impact of multinational production on comparative advantage,

viil



gains from trade are about half of what they would be without sectoral heterogeneity
in multinational activity (10 percent rather than 19 percent).

The second chapter, coauthored with Ayhab Saad, focuses on the interaction be-
tween multinational production and intra-firm trade in the global economy. A salient
empirical regularity of multinational production (MP) is that foreign affiliate sales
decrease with trade costs, a fact that is at odds with the proximity-concentration
theory of multinational activity. As a response, intra-firm trade, from parents to for-
eign affiliates, has been combined with standard models of horizontal MP to generate
complementarities between trade and MP that deliver gravity-style predictions for
foreign affiliate sales. Nevertheless, two other stylized facts pose further challenges to
this attempt to rationalize the gravity of MP. First, as documented by (Ramondo et
al, [2014) intra-firm trade is not common across foreign affiliates but rather concen-
trated among a small set of large multinational firms. Second, as shown in this paper,
not only firms in the upper tail of the firm size distribution are subject to gravity
forces, but also sales of relatively small foreign affiliates are significantly affected by
geographical barriers even when they rarely conduct intra-firm transactions. Two
puzzles emerge: (i) why is intra-firm trade concentrated among the largest multina-
tional firms? and (ii) what are the mechanisms that drive affiliate sales in the lower
tail of the distribution to obey gravity forces, even in the absence of intra-firm trade?

In this paper we construct a framework to address these questions. To account
for the extensive margin of intra-firm trade and the gravity of MP for firms of all
sizes, including those that do not engage in intra-firm trade; this paper develops a
multi-country model of heterogeneous firms, in which parents decide whether or not
to supply foreign affiliates with intermediate inputs and if so, optimally decide the
fraction that will be imported from the parent company. In our model an affiliate’s
marginal cost is affected by the parent’s decision regarding the method of knowledge
transfer. On the one hand, exporting intermediate inputs embodying knowledge to
an affiliate entails the standard iceberg-type trade costs as well as a fixed cost of
establishing an adequate platform to carry on cross-border transactions within the
boundaries of the firm. On the other hand the marginal cost of direct knowledge
transfer from parent to affiliates through remotely communication increase with ge-
ographical barriers but rise less than the costs of exporting intermediate inputs. As
a result, in equilibrium (i) only the most productive multinational firms choose to
export to their affiliates and (ii) foreign sales for both the affiliates who import from

their parent and those who do not are affected by gravity forces.
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CHAPTER 1

Multinational Production and

Comparative Advantage

1.1 Introduction

Multinational firms are responsible for a large fraction of global output, employment,
and trade. Their production is almost twice as high as world exports and they ac-
count for 20-25 percent of manufacturing employment in developed countries.! Given
the relevance of multinational production, an extensive literature in international eco-
nomics searches for the key forces driving the patterns of production of multinational
firms around the world. Among the most common explanatory factors are the differ-
ences in factor prices across countries and differences in the cost of exporting relative
to the cost of producing abroad. The bulk of existing literature, however, uses a
one-sector framework. The role of relative productivity differences across sectors—
or comparative advantage—has received considerably less attention, in spite of the
significant heterogeneity observed in multinational production (MP) at the sectoral
level.

To examine the interaction between multinational production and productivity at
the sectoral level, this paper assembles a novel dataset of bilateral foreign affiliate
sales that, for the first time, incorporates the sectoral dimension into a multi-country
framework. Using this unique dataset of MP sales for thirty-five countries, nine
tradable sectors, and one non-tradable sector, this paper establishes a new stylized
fact: foreign affiliate sales are larger in sectors where the host economy exhibits

comparative disadvantage. Building on this fact, this paper shows that comparative

'World Investment Report, UNCTAD (2011).



advantage plays a crucial role in determining the sectoral allocation of multinational
production, with less-productive sectors receiving the largest fraction of MP relative
to output.

Multinational production, unlike trade, entails a direct transfer of technology
across countries, which increases productivity in the host economy.? This paper
shows, both analytically and quantitatively, that multinational production weakens
a country’s comparative advantage. Multinational activity not only closes the ab-
solute technology gap across countries, it also reduces the relative productivity gap
across sectors. By inducing larger transfers of technology into comparative disadvan-
tage sectors—due to the relatively large presence of MP—multinational production
weakens the host country’s comparative advantage.

The welfare implications of the interaction between comparative advantage and
multinational production are significant. This paper shows that by omitting the sec-
toral heterogeneity of MP sales, and therefore its impact on comparative advantage,
existing uni-sectoral models of trade and MP systematically overstate the gains from
trade and understate the gains from MP. Thus, distinguishing between the absolute
and comparative advantage effects of MP is essential to improve our understanding,
and the quantification, of the impact of multinational production.

Three main questions are addressed by this paper. The first is whether the ob-
served uneven allocation of MP across sectors is significantly related to differences in
sectoral productivity. The second question is whether multinational activity affects a
country’s comparative advantage by affecting the average productivity of each indus-
try differently. Third, the paper evaluates analytically and quantitatively, the welfare
implications of the interaction between MP and comparative advantage.

In order to answer these research questions, this paper assembles a novel dataset
that provides detailed information on production and employment of foreign affiliates
in each host country, distinguishing the sector of operation and the source country
where the parent firm is located. These data of bilateral MP activity at the sectoral
level contains information of thirty-five countries, nine tradable sectors, and one non-
tradable sector for the period 2003—-2007. Using this data we establish the following

2Recent empirical literature has shown a positive and significant impact of foreign affiliate ac-
tivity on host country aggregate productivity. By opening a subsidiary abroad—greenfield—or by
acquiring an existing company in the target market, multinational production activity brings inno-
vation in products and processes through adoption of new machinery and organizational practices,
improving the overall level of technology in the host economy. See (e.g., |Guadalupe et al., 2012;
Alfaro and Chenl, 2013}, |(Chen and Moore| [2010; |Arnold and Javorcik, [2009). By using instrumental
variables estimation(Fons-Rosen et al.l2013)) finds that the higher productivity of multinational affil-
iates over local producers is due to investors cherry-picking firms with high future growth potential.



new stylized facts about MP activity at the sectoral level: (1) for each source-host
country pair, the MP share on output is significantly heterogeneous across sectors; (2)
sectoral heterogeneity remains even after aggregating foreign affiliate sales for each
host-sector pair, across all source countries; and (3) MP activity is disproportionately
allocated to industries where local producers exhibit comparative disadvantage.

To capture these stylized facts, analytically and quantitatively, we incorporate dif-
fering productivity levels across industries into a Ricardian general equilibrium model
of trade and multinational production. The model features asymmetric MP and trade
barriers; multiple factors of production (labor and capital); differences in factor and
intermediate input intensities across sectors; a realistic input-output matrix between
sectors; inter- and intra-sectoral trade; and a non-tradable sector. By combining
these features into a unified framework, this paper offers the first set of productivity
estimates at the sectoral level for local producers as well as for the entire economy.
Compared with uni-sectoral models, this paper offers more reliable estimates of fun-
damental technology, since it effectively isolate the technology corresponding to local
producers. Notice that total factor productivity calculated directly from data at the
sectoral level does not distinguish between the productivity corresponding to local
producers from overall productivity. Because the presence of multinational firms im-
plies a transfer of technology into the host market, we proceeded to disentangle the
productivity corresponding to local producers from the overall sectoral productivity.
Breaking down the productivity by its ownership structure allows us to evaluate the
extent to which sectoral differences in local producers’ productivity determine the
uneven allocation of foreign affiliate sales across sectors. Separating local and overall
productivity also allows us to measure the extent and sectoral heterogeneity of the
technology transfer implied by multinational activity.

The analytical results and quantitative estimations reveal that the effect of multi-
national production on the state of technology is higher in those sectors in which
local producers are relatively less productive, implying that MP weakens a country’s
comparative advantage. Four analytical predictions emerge from the model. The
first two highlight the channels of interaction between sectoral productivity differ-
ences and MP patterns in any equilibrium. The other two are concerned with the
general equilibrium responses of aggregate trade flows and welfare in a counterfactual
scenario where the MP-to-output ratios are homogeneous across sectors. The four
analytical predictions are: (1) relative sectoral differences in local producers’ produc-
tivity determine the sectoral allocation of MP in the host economy; (2) sectors with a

larger MP share will have higher productivity increases due to multinational activity;



(3) any deviation from homogeneous MP shares across sectors—holding aggregate
MP volumes relative to output constant—Ileads to larger gains from MP than what
is implied by uni-sectoral models; (4) gains from trade are lower than they would be
if MP were to affect productivity in all sectors homogeneously.

The assembled dataset is then used to quantitatively estimate the parameters
of the model and also to test the model’s analytical predictions. In particular, for
each country-sector pair, we extract the productivity of local producers and show
that, compared with all producers in the economy, local producers have a larger
dispersion of relative productivity across sectors. This implies that the comparative
advantage of all producers in the economy—both local and foreign firms—is weaker
than the comparative advantage corresponding exclusively to local producers. These
differences are explained by the larger presence of MP in sectors where local producers
in the host economy are relatively less productive. As a result, the productivity
enhancement due to MP is uneven and biased toward sectors in which local firms
exhibit comparative disadvantage. These results are robust to potential selection
effects, wherein the least productive firms exit because of the higher competition
imposed by foreign firms; and they are also robust to the presence of knowledge
spillovers through which local producers can benefit from the superior technology
used by their foreign counterparts.?

Three counterfactual exercises are conducted to explore quantitatively the im-
pact of MP on welfare, based on the estimated parameters. First, we show that
the heterogeneity of foreign affiliate sales across sectors is quantitatively important
in accounting for welfare gains associated with MP. In particular, these gains are 15
percentage points higher compared with a scenario of homogeneous multinational pro-
duction. Second, we calculate the consequences for trade flows and welfare when we
allow multinational activity to affect only the average productivity of the host econ-
omy, while keeping comparative advantage intact. Results show that the gains from
trade are nearly twice as large as in the benchmark estimation, where MP changes
both absolute and comparative advantage—19 percent compared with 10 percent.
Consequently, recognizing that sectoral differences in MP allocation affect the com-
parative advantage of the host country is crucial for understanding the apparently
modest gains from trade found in the literature. Finally, we evaluate the role of MP

in the production of non-tradables and its potential effects on the competitiveness of

3Technology transfer and technology diffusion are used interchangeably. Note that these are
different from knowledge spillovers, a term we reserve for the process by which domestic firms learn
from foreign affiliates operating in the same market.



tradable sectors. Results show that welfare increases by 4.6 percent, and the price
index of tradables decreases by 1.6 percent, when we allow foreign affiliates to operate
in the non-tradable sector.

This paper contributes to a voluminous body of research on economic growth and
international technology diffusion (e.g.,|Alvarez et al., 2011, Chaney, 2012; Rodriguez-
Clare, 2007; |Li, [2011). In these models, international technology transfer is a mecha-
nism that explains economic growth, but most of them leave unspecified the channels
through which this type of diffusion takes place. An exception is (Li, 2011), who
assesses the impact of trade on knowledge by using data on payments for interna-
tional trade in royalties, license fees, and information-intensive services for a sample
of thirty-one countries. This paper differs from previous research in that it uses multi-
national bilateral sales at the sectoral level to measure quantitatively the extent of
technology transfer associated with MP. In particular, for this exercise a dataset is
assembled for a sample of thirty-five countries and ten sectors for the period 2003—
2007.

This paper is also closely related to previous efforts to quantify the impact of multi-
national production in a general equilibrium framework. (Ramondo and Rodriguez-
Clare], [2013a) develop a general equilibrium model of trade and multinational produc-
tion under perfect competition to measure the gains from openness associated with
the interaction of trade and MP. Using a similar framework, (Shikher} 2012 measures
the extent of technology diffusion across countries. (Arkolakis et al. [2013)) develop
a quantitative multi-country general equilibrium model of monopolistic competition
in which the location of innovation and production is endogenous and geographically
separable. There are important differences between the present work and those pa-
pers, however. First, they use a uni-sectoral framework, and therefore by design they
are silent with respect to how multinational production affects relative technology
differences across sectors in the host economy. This gap is filled by estimating a
multi-sector general equilibrium model of trade and multinational production, which
offers a set of productivity estimates at the sectoral level for local producers exclu-
sively as well as for the entire economy. A second difference in this paper is that
it provides more reliable estimates of local producers’ productivity and allows for

asymmetries in multinational production barriers at the industry level.*

4Previous literature uses measures of effective labor and the fraction of workers in the R&D sector
to estimate a country’s productivity. This could potentially be a misleading indicator given that
an important fraction of the private R&D in developed countries is conducted by foreign affiliates.
Instead, this paper uses a gravity equation derived from a sectoral model of trade and multinational
production to estimate jointly the technology parameters, as well as trade and MP barriers, for every



An important way in which this paper contributes to the literature pertains to wel-
fare gains from trade. (e.g.,/Caliendo and Parro|, 2014; Costinot et al.,|2012} Levchenko
and Zhang), 2012; Hsieh and Ossa, [2011) incorporate sectoral heterogeneity, interme-
diate input usage, and sectoral linkages in order to understand the contributions of
these components to the welfare increase associated with a reduction in trade barriers.
To highlight the interaction between multinational activity and a country’s compar-
ative advantage, this paper extends the structure of these models by expanding the
firm’s set of choices to allow the possibility of serving a country through multinational
production.

Finally, this paper joins in the debate on whether the primary motive for MP is
(1) to satisfy final demand—horizontal MP (e.g., Ramondo et al. 2013; Bernard et
al.l 2009, 2011; (Guadalupe et all 2012), or (2) to take advantage of international
differences in factor prices by producing intermediate inputs that will be used by the
parent firm or by another affiliate in a third country in later stages of the production
process—uvertical MP (e.g.,|Antras and Helpman, |2004a; Alfaro and Chenl,2013). The
existence of a negative and significant relationship between sectoral MP sales and total
factor productivity is consistent with a horizontal view of MP activity where foreign
affiliates compete with local producers to satisfy the host market.

The remainder of the paper is organized as follows. Section discusses the
pattern of multinational production at the sectoral level. Section lays out the
theoretical framework and derives analytical results on the impact of sectoral disper-
sion in MP on gains from trade and gains from multinational activity. Section
sets up the quantitative framework and estimates the parameters of the model. Sec-
tion presents the results and discusses the effect of MP on comparative advantage.
Section [I.6]measures the welfare gains of multinational activity. Section[L.7]concludes.

1.2 Empirical Facts: MP and Comparative Ad-

vantage

1.2.1 Data Description

The analysis of the relationship between multinational production and relative tech-
nology differences across sectors requires three types of information: (1) production

and employment of foreign affiliates in each host country, distinguishing the sector of

country-sector pair in the sample.



operation and the source country where the parent firm is located; (2) bilateral trade
data at the country-sector level; and (3) country-level macroeconomic indicators such
as sectoral output and employment.

This paper assembles a dataset of foreign affiliate sales, employment, and number
of affiliates, which adds a sectoral dimension to the aggregate bilateral data used
in previous work.> The dataset contains information for thirty-five countries,® nine
tradable sectors, and three non-tradable sectors.” This dataset enables the breakdown
of domestic production and employment into their corresponding foreign and domestic
components at the sectoral level. Each observation is a triplet formed by the source
country, host country, and sector, averaged over the period 2003-2007. Table in
the Tables and Figures section shows the list of countries in the sample.

This dataset includes information only for majority-owned foreign affiliates, that
is, those in which 50 percent or more of the control is exerted by a foreign country.®
The main source of information is unpublished OECD data, drawn from the Inter-
national Direct Investment Statistics and the Statistics on Measuring Globalisation.
For European countries that do not belong to the OECD, information is drawn from
the Foreign Affiliates Statistics provided by Eurostat. Section in the Appendix
provides detailed information about the construction and validation of the dataset.

Note that the activities of foreign affiliates are measured not by foreign direct
investment (FDI) but rather by their real activities. The use of these data has several
advantages. First, the data we use considers only majority-owned foreign affiliates,
whereas a foreign direct investment dataset considers all affiliates in which 10 percent

or more of their equity capital is foreign-owned. The extent of ownership is important,

5In contrast to bilateral trade data, which is available for many countries at different levels of
sectoral disaggregation, there is no systematic dataset of bilateral MP sales broken down by sectors.
An exception is (Fukui and Lakatos|, 2012]), which is also an attempt to introduce a sectoral dimension
to bilateral data on foreign affiliate sales. The methodology used in constructing the dataset for the
present paper differs substantially from theirs, mainly in the primary sources of information used
and the methods implemented. A discussion of the differences between the two datasets is presented
in section El in the Appendix.

6All thirty-five countries are reporting countries. A reporting country is one that reports or
declares the foreign affiliate activity. The other country involved in the transaction is called the
partner country. The activity reported by the reporting country could refer either to the sales of
affiliates from other countries operating in its territory—or inward MP—or to the sales of locally
based multinationals with affiliates operating in foreign markets—or outward MP.

"The nine tradable sectors are all manufactures. The non-tradable sectors are construction;
wholesale, retail trade, restaurants and hotels; and transport, storage, and communication. Agricul-
ture and mining sectors were excluded, as well as some service sectors for which data on production
were not available.

8 A country secures control over a corporation by owning more than half of the voting shares or
otherwise controlling more than half of the shareholders’ voting power.




given that a transfer of technology is more likely to occur if the parent exerts a strong
control over its affiliates, and it is unclear how much control a 10-percent investor
has over an affiliate. Second, having majority-owned affiliates ensures that the source
country is where the parent company is located, while FDI statistics register only the
country of the immediate investor, even when the capital is passing through a third

country.

1.2.2 Sectoral Multinational Production

There are three necessary conditions for comparative advantage to be weakened by
multinational activity. First, foreign affiliates must be large enough to affect aggre-
gate productivity in host economies. Second, the presence of multinational activity
in total production must be significantly heterogeneous across sectors. And third,
the heterogeneous allocation of MP across sectors must be related to comparative
advantage; in particular, MP must be disproportionately allocated to comparative
disadvantage sectors. In this section, we provide evidence of each of these conditions,

which guides the model and the quantitative exercise carried out in later sections.

1.2.2.1 Relevance of Multinational Production

The presence of multinational firms in a given host market can be measured by the
share of MP in total output, which is calculated by summing up the production of
all foreign-controlled firms, regardless of where their parent firms are located. Let
1 f;s denote the sales of source country s in location A in sector j, and I ,Jl denote the
production in sector j in country h regardless of the nationality of the producers.
The MP share is given by:

MPshare‘,j1 = Z i — —Z#h I,

s#h [i If]b

where the relative importance of a given source country s in country A and sector j

j
is given by >, Zh II’}S.g Table in Tables and Figures reports summary statistics

on the share of MP for the countries in the sample. As the first column in the table
shows, foreign affiliates account for 24 percent of the production of tradables and
28 percent of non-tradables. There is an important variation in the presence of MP

across countries, though. For some countries, MP in tradables accounts for more than

9Note that MP does not include the production of domestic multinationals. It considers only
the output being produced by foreign affiliates of multinational parents based abroad.



40 percent of the output (e.g., Canada, United Kingdom, Poland, Romania, among
others), while it accounts for only 5 percent in others (e.g., Greece, Israel, Japan, New
Zealand). For non-tradables, the presence of foreign activity can be more pervasive
in some countries, accounting for up to 84 percent of total production.'?

The presence of multinational production in many countries is patently visible.
The second and fourth columns in Table in Tables and Figures display the num-
ber of source countries with multinational operations in each reported country and
the number of host countries in which they keep operations abroad, respectively. Of
thirty-five declaring countries in the sample, twenty-four serve as host of multinational
operations for more than ten source countries; and twenty-two countries have multi-
national operations in more than ten host countries. However, there is significant
variation across countries. The United Kingdom, Germany, and the United States
have affiliates in most foreign markets and they host operations for many source
countries, whereas Australia, Greece, and New Zealand host MP operations for no
more than two source countries. The third and fifth columns in Table represent
the weighted average of the MP share of each reported country as host and source,
respectively.!!  As can be observed in some high-income OECD economies, such as
Austria, Canada, Sweden, and the United Kingdom, there is a very high presence
of foreign firms, with about 40 percent of the output in tradables in the hands of
foreign affiliate firms. Some countries, such as Japan, are an important source of
MP (accounting for 25 percent of total Japanese production), while in contrast, the
relative importance of foreign multinational corporations in Japan is limited (foreign

affiliates’” production reaches only 10 percent of total output).

1.2.2.2 Cross-Sector Heterogeneity of Multinational Production

There is clear heterogeneity in MP across sectors. Figure|l.9 shows this heterogeneity
pattern for four selected host economies. The x-axis represents the source countries;
the y-axis represents the sectors; and the bubbles represent the MP shares for each

source-host-sector triplet. Source countries with more presence in the host economies

10 As revealed by the input-output tables, non-tradables are an important component of the set of
intermediate inputs used by all industries. On average, about 40 percent of the intermediate inputs
used by an industry are from the non-tradable sector, which implies that the effect of multinational
production on the technology of non-tradables could have a sizable impact on the structure of prices
in all sectors of the economy. Section provides an analysis of what would happen in a scenario
where multinational production in the non-tradable sector is prohibitively costly.

1 Averages are weighted by relative size of the sector in the host economy.



12 Nevertheless, for each source country

will have bigger bubbles in most sectors.
operating in a given host economy, there is a great deal of heterogeneity in MP shares
among sectors—which can be seen by the difference in the size of the bubbles in
each vertical alignment. Also notice that the patterns of MP among sectors within a
source country, represented by each vertical alignment of bubbles, are substantially
different across source countries, which suggests that these patterns are not driven
by sector-specific characteristics.'®> A similar pattern emerges if we examine the same
four economies as before, but now each of them represents a source instead of a host
country, as shown in Figure[1.10] As before, we are interested in the heterogeneity of
the bubble size among sectors for each host economy.!*

It is noteworthy that the MP heterogeneity among sectors still remains even after
aggregating MP across all source countries that operate in the host market. In fact,
MP shares aggregated across source countries exhibit substantial heterogeneity among
sectors within a country as well as across countries within a sector. Figures
and in Tables and Figures show these patterns for all of the countries in the
sample. As an illustration, Figure focuses on France and the United Kingdom.
For instance, for some sectors in the United Kingdom, MP as a share of output is less
than 20 percent, but in other sectors, MP accounts for more than 60 percent of local
production. More important, this heterogeneity is not explained by sector-specific
characteristics. Figure shows that within any sector, there is an important
variation in the MP output ratio across countries. For instance, in chemicals, some
countries have only 5 percent of their output in the hands of foreign affiliates, while
in other countries more than 60 percent of their chemical production comes from

multinational companies.

1.2.3 MP Sales and Productivity: A Negative Relationship

The observed heterogeneity of MP among sectors does not follow a random pattern.
Instead, MP shares are negatively correlated with sectoral productivity. To measure
productivity at the sectoral level, we calculate the total factor productivity or Solow
residual (7) for the set of countries for which data were available on labor and capital
endowment and intermediate inputs, as well as a price deflector for these components.

Table [L12] shows the results of the correlation as well as the coefficient of the

12Differences in the average size of the bubble across source countries can be explained in part
by the size of the source country and its distance from the host country.

3The patterns shown in this illustration are representative of most countries in the sample.

Gimilarly, differences in the average size of the bubble across host countries can be explained
by factors such as market size and distance from the source country, among others.
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regression between the share of MP for each source-host-sector triplet (M Psharefw)
and the ratio of productivities (T'F'P, /T F P;). To further explore the variation among
sectors within a given source-host country pair, the second column of Table shows
the results after including source-host fixed effects, which capture all country-pair-
specific characteristics that may explain the relation between productivity and MP
shares. The estimated coefficient is negative and significant; Figure depicts
the conditional correlation between the two variables. The relationship between MP
and productivity holds even after aggregating foreign affiliate sales for each host-
country pair, across all possible source countries. Figure |[1.1| shows the negative
correlations between productivity and the share of MP in each host country-sector
pair. The relationship between relative productivity and the cross-sector variation of
MP shares constitutes preliminary evidence supporting the predictions that emerge

from the model presented in next section.

MP and Total Factor Productivity
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Figure 1.1: MP and Comparative Advantage

To ensure the robustness of this result, we perform a set of sensitivity checks using
different samples and alternative definitions of the variables of interest. The fact
that some sectors are more suitable for multinational activity than others could raise
concerns about the stability of the relationship after controlling for characteristics
that are specific to a given sector but common across all source-host country pairs
in the sample. The third column in Table [I.12| shows that the results hold after
including the sector fixed effects in the specification.

Another potential concern is the extent to which the size of foreign affiliate sales in
a given host country might be influenced by the tax strategies followed by the parent
firm (Hines 2003). Results could be biased, for instance, in cases where the tax regime

is host-sector—specific, and therefore not controlled by the set of fixed effects included
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in the specification. To alleviate this concern, we use the share of employment as an
alternative measure of MP activity, since it is less subject to manipulation for tax
reasons. As Table shows, results are robust to this definition of MP activity.
Although the mechanism highlighted in this paper is based on a horizontal per-
spective of multinational activity, both horizontal and vertical MP sales coexist in
reality. Even when is not possible to disentangle horizontal from vertical MP, it is
possible to make some inferences based on the commercial international transactions
of multinationals. A roughly way to distinguish between vertical and foreign MP
sales is by analyzing the destination markets of the foreign affiliates production. In
particular, the share of foreign affiliate output sold back to the source country, where
the headquarters is located, is likely to be vertical MP sales.!® It is even possible
that sales to a third country are not meant to satisfy final consumers—using the host
economy as an export platform—but to continue a following stage of the production
process within the firm. Therefore, subtracting foreign affiliate exports from total MP
sales in a given country-sector pair gives us the part of MP sales that take place in the
host market, which almost certainly are driven by a horizontal motive. Unfortunately,
while the dataset assembled in this paper has information on sales, employment, and
number of affiliates per source-host-sector triplet, it does not have information on
international trade transactions—exports and imports—by foreign affiliate firms.
Nevertheless, to address concerns about the influence of vertical MP on the rela-
tionship between productivity and MP activity, we explore the correlation between
MP sales and sectoral productivity using Bureau of Economic Analysis (BEA) data
for U.S. multinationals operating abroad. The BEA dataset contains information
about foreign affiliate sales, value added, imports, and exports, from which we can
construct domestic sales of foreign U.S. affiliates abroad. Note that domestic sales
of foreign affiliates likely underestimate horizontal MP, given that part of affiliate
exports are meant to satisfy final demand in other markets, using the host country
as an export platform. Therefore, domestic sales are a conservative measure of the
multinational production conducted by U.S. foreign affiliates with horizontal motives.
This does allow us, however, to explore the mechanism highlighted in this paper in
a cleaner way. As reported in Figure m (and Figure , the results are similar:

U.S. foreign affiliate sales as a share of output are relatively higher in sectors where

I5Note that this is not always the case, given that an MP-horizontal firm could produce abroad
and ship the final goods back home to satisfy final demand rather than selling to their parent or
another related party firm. This scenario can take place if the cost of the input bundle is low enough
that the gains from reduction in input cost more than compensate for the transportation cost from
the host market to the source country.
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the host economies have comparative disadvantage. This relationship is even stronger
when using value added instead of output.

There are some necessary observations to be made in this regard. First, more than
two-thirds of foreign affiliate sales occur in the host market.'® Second, most countries
in our sample are middle- and high-income OECD countries, which makes the vertical
hypothesis less appealing.!” Third, even when the observed MP sales are indeed a
reflection of both horizontal and vertical multinational production, if the majority of
MP sales were vertical, we would expect either none or a positive correlation between
MP and sectoral productivity.!®

More important, this relationship remains stable when using different datasets
to calculate the total factor productivity (TFP) for each country-sector pair. In
particular, we use the Structural Analysis Database (STAN) as well as the Gronin-
gen Growth and Development Centre (GDDC) database to test for this relationship.
Alternatively, we use the productivity estimates obtained from a multi-sector trade
model, which increases the coverage of countries and sectors; those estimates are
highly correlated with the previous TFP measures. Finally, we also test this rela-
tionship using the dataset constructed by Fukui et al. (2012). Our main results are

remarkably similar.

1.3 Model

In order to illustrate the mechanism of the model analytically, this section presents a
two-country, two-sector model of trade and multinational production. In Section [1.4]
the model is generalized to make it quantitatively informative by including asym-
metric MP barriers; multiple factors of production (labor and capital); differences
in factor and intermediate input intensities across sectors; a realistic input-output
matrix between sectors; inter- and intra-sectoral trade; and a non-tradable sector.
Allowing countries to interact through trade and MP in a multi-sectoral envi-

ronment has important analytical and quantitative implications compared with the

16Using BEA data, Ramondo et al. (2012) report that the median manufacturing affiliate receives
none of its inputs from its parent firm, and sells 91 percent of its production to unrelated parties,
mostly in the host country.

1"Vertical foreign affiliates tend to produce intermediate inputs abroad to take advantage of low
factor prices. Then, the intermediate inputs are exported to their parent company or other affiliates
within the organization.

8Foreign affiliates that are vertically integrated could benefit from operating in sectors where
local producers are relatively more productive. This would be the case if, for instance, foreign firms
can use specialized workers from the comparative advantage industry, which increases productivity
and lowers the cost of production of intermediate inputs.
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benchmark, a uni-sectoral MP-trade model developed by (Ramondo and Rodriguez-
Clare, 2013a). Those implications can be summarized in the following four analytical
predictions: (1) relative sectoral differences in local producers’ productivity deter-
mine the sectoral allocation of MP in the host economy; (2) sectors with a larger
MP share will have higher productivity increases due to multinational activity; (3)
gains from trade are lower than they would be if MP were to affect productivity in all
sectors homogeneously; and (4) any deviation from homogeneous MP shares across
sectors—holding aggregate MP volumes relative to output constant—Ileads to larger

gains from MP than what is implied by uni-sectoral models.

1.3.1 A Simple Model: Environment

Consider an economy with two countries, and labor as the only factor of production.
There are two sectors j = {a, b}, and each has an infinite number of varieties produced
with constant returns to scale, indexed by w. In every country and sector, each variety
is produced by many firms engaging in perfect competition. Both sectors are subject
to international trade and MP barriers.

Let s denote the source country of the technology, h the host country, and m
the destination market. In order to serve any given market at the lowest possible
price, a firm in sector j chooses between (1) producing at home s and exporting to
the destination market m; (2) building up an affiliate at the destination market m
to produce and sell locally (h=m); or (3) setting a foreign affiliate in a third country
(h # m) used as an export platform, to ship goods to the final destination m.?

A firm that chooses to produce at home to serve country m uses its technology to
full extent, but faces a transportation cost of exporting (d/ ). A firm that chooses
to produce at the destination market instead (h=m) completely avoids the trans-
portation cost of exporting but suffers a loss in productivity when implementing its
technology in a foreign country (gis). In addition, if the foreign affiliate uses a third
country h to produce and export to country m, it also faces the transportation cost
associated with exporting from h to m (&, ,).

Technology: Each source country s has a technology to produce each variety w,
at home and abroad. Let zis(w) denote the number of units of the wth variety in

sector j that can be produced with one unit of labor by a firm from a source country

YNote that, without symmetry, an export platform can exist even in a two-country setting. A
country may find it profitable to produce abroad to satisfy the home market if factor prices are low
enough overseas. This pattern of production does not reflect vertical MP; in this case, the purpose
of producing in a foreign country is to produce final goods rather than intermediate inputs.
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s that is located in host country h = {1,2}.

The technology of each country s in sector j (zl), is described by a vector in
which each element represents the source country’s productivity in each host country
h (2,)-

2l (w) = {=, (W), 2, (W)} Vi,j={1,2}. (1.1)

Then, the productivity of a source country s in sector j (z}) is drawn independently

across goods, countries, and sectors from a multivariate Frechet distribution.?.

Fi(z) = eap {~T¢ [(1,)" + (3,) ]} (1.2)

Equation states that productivities across locations are related in two ways.
First, they are drawn from a distribution with the same location parameter, or mean
productivity (77): a higher T7 leads to a larger productivity draw on average, at home
and abroad. Note that regardless of the location of production, the mean productiv-
ity that matters is the productivity of the source country s. Second, the stochastic
component of the productivity is governed by the dispersion parameter 6, which is
assumed to be common across countries and sectors and reflects idiosyncratic differ-
ences in technology know-how across varieties in any given sector j. The larger is 6,
the lower is the dispersion of productivities within a sector. Finally, albeit produc-
tivities across locations are drawn from a distribution with the same mean (77) and
variance (), productivities are assumed to be independent across host countries.?!

Therefore, productivity differences in this model are characterized by: (1) differ-
ences in relative productivity across industries (7. /T?)—or Ricardian comparative
advantage at the industry level; and (2) intra-industry heterogeneity governed by 6.
In this stochastic model, a higher T{ (T{ > Ty') captures the idea that country 1

is relatively better at producing zj; goods in any host country A—including its own

2ONote that whenever z)  (w) = 0 for s # i Yw € {0,1} and V5 = 1,2, then the model collapses
to a multi-sector general equilibrium model of international trade without multinational production
(e.g., |Caliendo and Parro, 2014} |Levchenko and Zhang), 2012)

21The assumption of independence across locations corresponds to a particular case of a more
general specification in which the degree of correlation among the elements of vector zl is governed
by the parameter p in the equation below

i . ; . 1—
Fi(z) = exp {Tz (64700079 4 (4,10 } |

The simplified assumption used in this paper (p = 0) gives us the tractability to rely on gravity
equations to estimate the parameters of interest. It also allows us to compare our results with
previous work that has focused on the estimation of the mean productivity parameters using trade
data at the sectoral level.
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market. But whatever the magnitude of 77, country 2 may still have lower labor
requirements for some varieties. This does not imply that country 1 should only
produce varieties from sector a in any given location A, but instead that it should
produce relatively more of these goods.

Production: In providing variety w in sector j to any country m, country s’s
firms have two strategies available to them, from which they will choose the most
cost-efficient one. These strategies are:

(1) Ezporting from home country: A firm can use its technology to produce at
home and export to market m, in which case the source of technology and the location
of production are the same (h = s). The output of variety w in sector j produced at

home to serve market m is given by:

- « NEAD .
) = Q) = 1 (21 = 123t ), (13)
where 27, (w) represents the productivity of a firm when it produces at home. There
are no additional costs (or efficiency losses) for operating in its own market; therefore,
Jss = 1.

(2) Multinational production: A firm could set an affiliate in any other location

h # s, and from there sell to market m:

LMM—%GMQ) (1.4)

J
Yhs

The output level associated with MP depends on the factor endowments in the
country where production takes place (Li); the penalty associated with implement-
ing the home country’s technology abroad (gfw > 1); and the productivity of firms
from country s producing at location h (z)_ (w)). The penalty parameter gl is a
deterministic measure of the efficiency losses a country faces in producing in some
location outside home, which is source-host-sector—specific and common across vari-
eties. Therefore, a higher gis reflects lower productivity of affiliates from s in h, for
all varieties in sector j.

Finally, output in each sector j is produced using a CES production function that
aggregates a continuum of varieties w € [0, 1] that do not overlap across sectors. Q{L
is a CES aggregate and Qi(w) is the amount of variety w used in production in sector

J and country h. The elasticity of substitution across varieties w is denoted by ¢;.
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1
Q) = / QW) T do| . (1.5)
0

Note that in a two-country environment, the host country and the destination
country are the same (h = m).

Preferences: Preferences are Cobb-Douglas over the broad sectors of the econ-
omy.??

Yo = (Vi)™ (Vi) (1.6)

where &, denotes the Cobb-Douglas weight for sector a. The resources constraint

faced by consumers in this two-country, two-sector model is given by:
PY,, = p(rlnYrZ + p?nyrz = mema (17)

where Y/ represents the expenditure of country m on sector j goods and p’ is the
price of the sector j composite.

Trade and MP Costs: Trade frictions take the standard iceberg form. For-
mally, it is assumed that for each unit of variety w shipped from country of produc-
tion h to the target country m, only 1/ dfnh arrives, with dinh such that dfnh =1 and
dfnh < dﬁnkdih for any country k, ruling out any third-country arbitrage opportuni-
ties.?? More important, trade barriers are not symmetric (dﬁnh + d?lm), and they can
be decomposed into a symmetric component (dfﬁh) and a specific (exporter-sector)
component (d{l)

Barriers to investment are described in a similar manner. These are non-symmetric
as well (g,is #+ ggh), and they can also be decomposed into a symmetric component
(gis) and a specific (source-sector) component (g7). These modeling choices for trade
and MP barriers will be discussed in detail in Section ?? in the Appendix.

Market Structure: The features of the model outlined above imply that pro-
ducing one unit of variety w in sector j in country h with technologies from country
s requires g} /2] (w) input bundles. Since labor is the only factor of production, the

cost of an input bundle is given by:

& (w) = . (1.8)

22In the N-sector, N-country model, the preferences are generalized to a CES specification, adding
flexibility to the elasticity of substitution across sectors.

23The last property is binding only in an N > 2 model, such as the one presented in the next
section.
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Equation is based on the assumption that every firm operating in country h uses
the local input bundle regardless of its country of origin.?* Under perfect competition
and given the assumptions made for trade and investment barriers, the price at which
country s can supply variety w in sector j to country m, when producing in country

h, is equal to:

z%gm:<é@£>%h (19)
Zps (W)

Therefore, seller s will choose the location h = {1,2} that allows him to reach
country m with the lowest possible price, p? _(q) = min {pfnls (W) ;D)0 (w)}. Condi-
tional on each provider being at the cheapest possible location, consumers in market
m will choose to buy from the source technology country s = {1,2} that offers the
lowest price pl, (w) = min {pl,; (w) ;) (W) }.

Hence, the probability that country m imports good w in sector j from country

h, using technologies from country s, is given by:

- A
7 /\J J J J
J _ Ts Ams 6mhs
Mnhs = 7 A —0; i Ad —0; j —0; p —0; |’ (110)
o Tl Aml + T2 AmZ L, \“mls + 5m2s ,
Term 1 Term 2

1
whete A, = [(5,) ™" + (00) | " and 81, = dchal

The right-hand side of equation can be easily interpreted as the product of
two independent events: Term 1 on the left describes the event whereby a producer
from country s is the lowest-price supplier of w in country m independently of the
location of production. Term 2 on the right describes the event whereby country h is
the host country that offers the lowest cost of production for source country s selling
to market m. In this equation, Wilhs represents the share of goods in sector j that

J

country m buys from firms located in country h whose source is country s. m .

collapses to the following equation:
1950, 7"

J — s “mhs
Tnhs = . T ) (111)
AL TN,

The actual price paid by consumers in country m to buy goods in sector j is given

24This assumption implies that foreign affiliates do not require input bundles from the source
country s to produce variety w in the host country h. The assumption is made only for simplicity,
to better highlight the channel proposed in this paper.
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by:

_ 1
. 0.

. . _9]_ . . _9], J
ph =T (TEAL, "+ g, ") 7 (1.12)

1
where I'; = [F (%%)} " and T is the Gamma function.

Trade and MP Shares: The share of goods that country m imports from
country h (Wf;lh), can be calculated by aggregating ﬂfnhs across all source countries.
Therefore, the probability that country m will buy a sector j variety from country h
is calculated by summing up the probabilities of importing goods produced in country
h using technologies from every source country s, including itself:

J

_ J J
Tomh = Tnh1 + Tonh2

By substituting (L.11]) in the above equation, we get:

| (A )
anh == . L Egh m’]}) . _p’ (113)
T (adn)  + T3 (i)

where T,{ is the effective technology and is given by:

T =Tigh, "+ Tigl, " (1.14)
The above equation states that in the presence of multinational production, the
set of available technologies for each country is enlarged. Each country-sector pair
has an effective productivity that equals its local productivity in that sector plus
the productivity of the foreign affiliates producing in the country, discounted by the
investment barriers g{;s. How much a country could benefit from foreign technologies
depends on the barriers to MP represented by gfw, which limit the host economy’s ca-
pacity to absorb the productivity of foreign affiliates from country s, so as to enhance
their overall productivity. Note that technology T,{ is not available to all-—local and
foreign— producers in country h. Instead, each firm producing in host country i uses
technology from its own source country 77 and T,{. The model does not internalize
the potential knowledge spillovers that may take place from foreign to local produc-
ers. The productivity in the host country is enlarged as a result of the coexistence of
local and foreign producers with different levels of technology, and not because local
producers become more productive by learning from their foreign counterparts.

The value of foreign output in sector j, produced in country A using country s’s
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technologies to serve country m, is then given by Wi@hspZanm where p/ 7 is the total
expenditure on sector j goods by consumers in country m.2> Total output of foreign
affiliates from country s located in country h can be calculated by summing foreign
affiliate sales over all destination markets (m). Thus, total MP in sector j by affiliates

from country s located in country h is given by:
[is = ’N{th{ + ﬂ_gthg vj = {1’ 2}7

where X,,, = p/ Q7 . Substituting (12) in the former expression, we get:

T (),

L, ==t = (1.15)
(v3)
where 2 = 322 _, (df;mpi/p%)fg Xi =1, <))((—hhh) %6 Therefore, the share of goods

produced in country h with s technologies—or MP share—is given by:

. . . P\ —0

) Vel Vel Ti (g7

o= %:%:;%L_ (1.16)
Zi Ihs ]h TS

1.3.2 Welfare: Analytical Predictions

Welfare in country h is given by the indirect utility function and corresponds to real

income:
Wy

wh= 1] —=¢ (1.17)

j=a,b (p?s) 7

2Note that for a given host and source country pair (h, s) 7rfnhs is not mutually exclusive across
destination countries (m), given that some foreign affiliates could serve more markets than others
26Normalizing the bilateral trade shares by the share of country s’s expenditure devoted to locally

. o\ -0
+J J
Limn _ & Dy
~J - mh g
Thh Pm

anh = i“?m (dznhpi/pgn)

produced goods (“ﬁm = );ijh) yields:
h

6

j

X’m
Summing over m:

. . . . N0
L= Y X = #n Y (i /vh) X

. . . j L —j .
The optimal sectoral factor allocations must satisfy I, = " 5; therefore, = can be rewritten as a
V)
. —j L1
function of observables only: 2/ = - 2"Zh — [ ( Xn ),
h @, ;b Xhn
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where p{l is the price in country h of goods in sector j (see equation (1.12))). An
expression for wy,/ p{l as a function of local producers’ technology (T,{), along with
the expenditure share on domestically produced goods (Wih) and the share of goods
produced domestically by local producers (yflh), can be derived using equation ([1.15])

when h = s:

Y _(13)F (] )—% (] )—% (1.18)
= s Ynh hh g :
Dy,
where yfbh = II{L—; and Wih = XX—’J’J’L

Taking the product of 1} for both sectors and weighting by &;, we derive an

expression for real wages in country h:

wi =TT [()

j=a,b

D=

(?J{Lh)_é (Wih)_érj' (1.19)

Following (Levchenko and Zhang, 2013), in deriving analytical predictions for
welfare, it is further assumed that the expenditure shares in the two sectors are equal
(&; = 1/2). Therefore, welfare is expressed by:
Wp, o 1 a _ 1 “ 1

1= (ThTilZ) * (Whhﬂzh) 0 (yhhyzh) “. (1.20)
anb) 2

(Piiph)

In addition, it is assumed that the average productivity in both countries is the

W, =

same, and that they differ only in their comparative advantage. Therefore, country 1
in sector a has the same productivity as country 2 in sector b, and country 2 in sector
a has the same productivity as country 1 in sector b: T¢ = T¢ and TP = T¢. Without
loss of generality, let us assume that country 2 has comparative advantage in sector a
(T¢ > TP), and also that trade and investment barriers are symmetric along country

pairs as well as across sectors:
di, =dy =d Vj={a,b}

9{2 = 951 =g Vj={a,b}
The assumption with regard to productivities, utility function, and symmetry in
trade barriers and investment barriers, together with the normalization of the labor

endowments, ensures that in general equilibrium wages are equal in the two countries

(wy = wy = 1), which have been normalized to one.
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1.3.2.1 Analytical Prediction 1: MP sales are disproportionately higher

in comparative disadvantage sectors.

Proposition I.1. In a two-country, two-sector world economy, the lower the tech-
nology of country 1 in sector a (country 1’s comparative disadvantage sector) relative
to sector b, the higher the probability that firms from country 2 will produce in sector

a relative to sector b in country 1.

Proof. See Appendix ((1.10.1]).

When 77 increases, the comparative disadvantage of country 1 in sector a is
weaker, reducing the proportion of MP in sector 1 carried out by country 2 firms.
When T§ increases, the comparative disadvantage of country 1 in sector a is more
pronounced, increasing the proportion of multinational production in sector 1 car-
ried out by country 2 firms.?” This analytical prediction finds empirical support in
the negative and significant relationship between productivity and MP shares at the

sectoral level.

1.3.2.2 Analytical Prediction 2: The higher the heterogeneity of MP

across sectors, the higher the gains from MP.

Analogous to trade, the gains from MP are the proportional change in country h’s
real wage as one moves from a counterfactual equilibrium with trade but no MP
(investment barriers are prohibitively costly) to the actual equilibrium with positive
MP and trade flows. Using equation and comparing the results both with and

without MP, we get an expression for the welfare gains:

£ — 55
1 Tl—d—")

>0 jga:b( i i

GMP, = ;" = ’ — , (1.21)
Wivee | 3 (14 (dg?) ) + 5 (27" + )
j=a,b 1
h h a . b\ "3 Wﬁhﬁzh E
GMP, = Wg>0/Wg%oo = (yhhyhh) " ) (1.22)
Thn™hh

2TA similar argument can be constructed for the following case: when T¥ increases, the compar-
ative disadvantage of country 2 in sector a is weaker, reducing the proportion of MP in sector a
carried out by country 2 firms in that sector.
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where ﬁ%h is the domestic demand share in the counterfactual equilibrium with no

MP, and where the MP shares are given by:

1

(yi%hyzh)_% (ET_}ZL)) - .

Te Ty

Proposition 1.2. The higher the heterogeneity of MP across sectors, the higher the
gains from MP. When the share of domestically produced goods is the same across
sectors (Y&, = yo,), the gains from MP attain a minimum. Therefore, uni-sectoral

trade-MP models understate the actual gains from MP as long as y&, # y°,,.

Proof. See Appendix ((1.10.3)).

Note that gains from trade depend on the heterogeneity of the effective produc-
tivity parameters—effective or Ricardian comparative advantage—and not on the
heterogeneity of the fundamental productivity parameters—fundamental comparative
advantage—while the gains from MP depend on the heterogeneity of fundamental
productivities across sectors. The latter is reflected in differences in MP shares across
sectors, as countries will have less MP as a share of total production in their fundamen-
tal comparative advantage sectors, and more MP in their fundamental disadvantage
sectors. Figure depicts the actual gains from MP in the two-sector analytical
model as well as the gains from MP implied by uni-sectoral models of trade and MP
(denoted by the horizontal dashed line).

In Section [1.4] actual data on manufacturing production and MP sales are used
for a sample of ten sectors and thirty-five countries to assess the magnitude of the
disparities between the gains from MP implied by both uni-sector and multi-sector
models of trade and MP.

1.3.2.3 Analytical Prediction 3: Gains from trade are lower the more
heterogeneous the technology upgrade across sectors.

Formally, gains from trade are the proportional change in real wages in country h
as we move from a counterfactual equilibrium, with MP but not trade; to the actual
equilibrium, with both MP and trade.

From equation , the gains from trade are expressed as:

1
W(§L>0/Wc?ﬁoo =GT, = (thWZh) . (1'23)
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Figure 1.2: Sectoral Heterogeneity and Gains from MP

As can be observed in equation , gains from trade are a function of trade
shares and the dispersion parameter 6, similar to the result obtained in a multi-sector
trade-only model.2® Nevertheless, the focus of this paper is to understand to what
extent the gains from trade are affected by the reduction in effective productivity
differences induced by multinational production.

Given the fact that labor is the only factor of production and wages are equal to

one,?” equation ([1.13)) collapses to:

: I I )TV
P —— LIS . (124)
T +d°T] (14 (dg?)=*) + 2+ (¢ ™" +d0)
h

28The focus of this paper is on measuring gains from trade based on primitives rather than on
observables. For a complete review of the literature on this topic, see (Costas et al., 2012) and
(Levchenko and Zhang) 2013)

Pnvestment barriers are now gf, = g5, and g§; = g%5. Given the rest of the assumptions, wages
are still the same across countries.
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Substituting (1.24) in (1.23)), the expression for gains from trade (GT) is:

i (Ti/me) (T3/72) o
L+ ) )+ Prgrt +d)) (1 (dg?)0) + B (" +d0))
(1.25)

Proposition 1.3. The more heterogeneous the technology upgrade across sectors to-
ward comparative disadvantage sectors, the lower the dispersion of effective technolo-

gies and the lower the gains from trade.

Proof. See Appendix ((1.10.2]).

The result stated in Proposition 2 is illustrated in Figure 2, which shows the
percentage difference between the gains from trade implied by a proportional tech-
nology transfer across sectors (i‘/’ JTE = ig/ Tf) and the actual gains from trade, as
a function of the dispersion in T,{ across sectors, measured by the standard devia-
tion between T and T}. Greater relative sectoral productivity differences lead to
larger disparities between the gains in the actual equilibrium and the gains in the

counterfactual scenario.
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Figure 1.3: MP Technology Transfer and Gains from Trade

Ricardian comparative advantage at the industry level plays an important role in

the magnitude and sectoral distribution of technology transfer that takes place when
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firms decide to produce overseas. Results indicate that the stronger the reduction in
comparative advantage due to MP, the lower the estimated gains from trade. Also, the
stronger the comparative advantage of local producers in the host country, the bigger

the effect of MP on the observed differences in relative technology across sectors.

1.4 Quantitative Framework

In order to take the model to the data, in this section we quantitative estimate a
multi-country multi-sector version of the model, with labor and capital as factors of
production, intermediate inputs, and inter-linkages across sectors. This environment
incorporates N countries and J + 1 sectors; the first J sectors are tradables and the
J+1 sector is a non-tradable. Both capital K} and labor Lj; are mobile across sectors
and immobile across countries; and wy, and r, represent the wage rate and the rental
return of capital, respectively.

Finally, with N > 2, firms have the option to locate a foreign affiliate directly
in the destination market to serve it locally or in a third country, used as an export
platform, to ship goods to the final destination. In addition to g{;s, a firm that uses
a third country h to produce and export to country m also faces the transportation
cost dfnh associated with exporting from h to m. Note that in order to serve any
foreign market with a variety from sector J + 1, the only option is to locate a plant
in the target market. Therefore, for all non-tradable varieties, the host economy and
the destination market are necessarily the same (h = m).

The main equations of the model are extended below in order to incorporate mul-
tiple countries, multiple tradable sectors, a non-tradable sector, capital, intermediate

inputs usage, and linkages across sectors.

Preferences: Utility of the representative consumer in country m is linear in the

composite final good Y,,, and is given by:

J - Trém
Yo = (Z% (Yg;b)’%l) (V7)o (1.26)
j=1

where &, denotes the Cobb-Douglas weight for the tradable sector composite good
and Y,/*! is the non-tradable sector composite good. The elasticity of substitution
between the tradable sectors is denoted by 7, and wj is the test parameter for tradable
sector 7. Note that the consumer’s utility is CES on tradable sectors, allowing 7

to be different from one (in the previous section, with Cobb-Douglas preferences,
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n=1). Moreover, in the quantitative exercise, £, will vary across countries, to capture
the positive relationship between income and the non-tradable consumption shares

observed in the data.

Production: Production of variety w in sector j, by firms from country s pro-

ducing in country h in order to sell to market m, is given by:

; N, 1,15 T k\ ki o Zi (w)
= " ) [T@™| - (%42)

k=1 hs
where value-added-based labor intensity is given by «;, while the share of value added
in total output is given by 8;—both of which vary by sector. The weight of interme-
diate inputs from sector k used by sectorj is denoted by ~yi;. Therefore, the unit cost

cZL is given by:
1 S\ Qg i\ 1—ag B]' T . l_ﬂj
a= [ @) | 2

Technology: Any firm gets a productivity draw z]_ (w) in each of the N possible

host countries h, as described by the vector below:
. - N
7 (w) = {7, (w)},_, Vs=1,.N,

where z) (w) is drawn independently across goods, countries, and sectors from a mul-

tivariate Frechet distribution:

F/(z) = exp

S

1 (z w%)] . (129

S

Productivities 27, (w) are assumed to be independent across host countries.

Market Structure: The probability that country m will import good w in sector
7 from country h, using technologies from country s, is given by:

, i (AF ) 5 )
7_[_] _ Ts (Ams> . ( mhs) . (129)

mhs . . — 0. R —n.
ST (A )T (6,
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The actual price of any variety in sector j in country m is given by:

P, =T (ZJ;)

SR L

N
Closing the Model: Given the set of prices {wh,rh, P, {pZL}JH}h , we first
=1

describe how production is allocated across countries and sectors. Let Qi denote the
total sectoral demand in country A and sector j. Qfl is used for both final consumption
(ple,f ) and intermediate inputs in domestic production of all sectors. How much all
sectors k in country h require from sector j depends on the world demand of country
h’s sector § goods, S0 (1 — Br) v (Zzzl SV anhspanfn>. Therefore, the goods
market clearing condition is given by:

J+1 N N
PR =Y+ (1= B %k(ZZW hsmek> vi=A11,....J+1},

k=1 m=1 s=1

where Zﬁzl Zivzl /1 = 0 whenever m # h. Also note that in this specifica-

mhs
tion the requirements of every tradable sector k£ for inputs from sector j depend on
k= Zivzl mk ., which is the probability that country m will import from country h
regardless of the origin of the technology used in production. Also, the requirements

of the non-tradable sector J+1 from any other sector j depend on mj;* = 2N 7 /+L

where Wﬂf{sl is the probability that country h will produce in non-tradable sectors using
the technologies from country s’s foreign affiliates.

The goods market clearing condition stated above takes into account that the
majority of world trade is in intermediate inputs, and the fact that a good is traded
several times before being consumed, as well as the existence of two-way input linkages
between the tradable and non-tradable sectors.

Solving for the consumer’s problem, the final demand of sector j in country h is

given by:
.
yi = g, lnt b % (z1) = Vi={1,...J},
Ph D ket Wk (pi) !
and
Y = (1 &) —th’;thhKh j=J+1.
h
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Trade: In each tradable sector j, some varieties w are imported from abroad
and some varieties w are exported to the rest of the world. Country k’s exports and

imports in sector j are given by:
EX] =Y Y mupn@n IM{ =Y m,pQi.
m#k s=1 h#k s=1
and total exports and total imports are given by:
EX,=Y EX]  IMy=)Y IMj.
j=1 j=1
The trade balance condition will equalize I M ,g = EX,Z as well as IM, = EX,.

Multinational Production: The value of MP in tradable sector j from country
s in country h to serve country m is 7/ , pi Q. where p Q7 is the total expenditure
on goods on tradable sector 5 by country m. Thus, total MP in tradable sector j by

country s in country h is:

L,=> ", Qi Vi=1,.1/ (1.31)

Lt =mplm ot j=J+1. (1.32)

Total inward MP in country h from the rest of the world in sector 5 can be obtained
by summing (1.31]) and ((1.32)) over all source-of-technology countries s.

B=> I Vi=1..,J+1

In the same way, outward MP in tradable sector j by country s in country h is
given by:
Ogls :Zﬂ-znhspijin V] = 17"'7J7 (133)

Opt =muim 'yt ) =J+ 1. (1.34)

Similarly, total outward MP from country s to the rest of the world in sector j can
be obtained by summing and over all location-of-production countries
h:
0l=> Oy vj=1,..,J+1.
h
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Factor Allocations: The factor allocations are now calculated across sectors.
The total production revenue in tradable sector j in country h is given by S-%_ SN 7d 57 Qd
The optimal sectoral factor allocations in country h and tradable sector j must thus

satisfy:

N N ; ;
S T rn K7

7T1]n D@, = b= h_ 1.35

ZZ h ;B3 (1—aj)B; ( )

For the non-tradable sector J + 1, the optimal factor allocations in country m are

m=1 s=1

given by:

N J+1 J+1
D o m QI = b _ B . (1.36)
— ar1Bryn (L—ay) B

1.4.1 Estimating the Model’s Parameters: f,‘z, T,{, gis, and
dj

mh

In this section, we estimate the sector-level technology parameters for local producers
(T,{) in thirty-five countries, nine tradable sectors, and one non-tradable sector, in
two steps. First, the effective technology parameter (T,i ) is estimated by fitting the
structural trade gravity equation implied by the model, using trade and production
data.?® In this step, we also estimate the bilateral trade cost at the sectoral level.
Then, we proceed to estimate the corresponding MP barriers at the sectoral level by
fitting the structural MP gravity equation implied by the model using foreign affiliate
sales data and production data for local firms.?' Finally, using the effective technology

parameters and the MP barriers, we calculate the effective technology parameters for

39The gravity equations are derived from the model under the assumption that productivity
draws are uncorrelated across host countries. Ramondo and Rodriguez-Clare (2011) use aggregated
multinational production data to calibrate h and d assuming two alternative values for p, p = 0
and p = 0.5. The goodness of the model measured by how it matches the patterns of the data is
extremely similar in both cases. The only variable where p = 0 performs better is in accounting
for foreign affiliate exports. As pointed out by (Ramondo and Rodriguez-Clare) [2013a) and more
recently by (Tintelnot| 2012), this is a consequence of the limitations of a model of MP that excludes
the fixed cost of operating an affiliate overseas. However, this simplified assumption buys us the
tractability of using the gravity equation for trade and MP, which is directly comparable to previous
work that has focused on the estimation of the mean productivity parameters using trade data at
the sectoral level.

31For every country h and sector j, the production of local producers (Iih> is calculated by

subtracting the production of foreign affiliates from total production.
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every country-sector pair, solving the following system of equations:
T =Y Tigl, " Vj=1:J+1

The effective productivity estimates that emerge from the gravity equation reflect the
average productivity of all producers in a given sector of the economy. Controlling
for factor and intermediate input prices, as well as for trade barriers, a country that
produces a larger share of its domestic demand exhibits a high effective productivity.
A relatively high effective productivity could be a reflection of highly productive
local producers, but it could also be a reflection of the access to superior technologies
available to foreign affiliates operating in the host market. Intuitively, a country that
produces a larger share of its output using domestic technologies has a higher relative
fundamental productivity. Conversely, if the share of foreign affiliate production is
high, the country has a relatively low state of technology in that sector. Therefore,
the mean of the absolute difference between T}f and its effective counterpart T}JL in
each sector is a measure of the absolute transfer of technology generated by MP, while
the difference in the dispersion of effective and fundamental technology across sectors

is a measure of the effect of MP on comparative advantage.

1.4.1.1 Multinational Production and Trade Gravity Equations

The capacity to relate the model to observables in the data relies on the properties
derived from the seminal work of Eaton and Kortum (2002). In particular, the average
spending in country m on goods produced in country h by affiliates from country s is
equal over all exporters and sources of technology, implying that the share of goods
country m buys from country h using country s technologies is also the share of its

expenditure on these goods.

] Xjn s
o= Xﬂ: . (1.37)

32

By summing 7 , ~across all source countries s,** we obtain county h’s trade shares,

reflecting the probability that country m will import sector j goods produced in

country h, regardless of the source of the technology used in production (77, ):
X’ X’
— — Zmhs _ Z2mh
T E o g pe) X (1.38)

32Note that 7 s is independent across source countries, because a given source country s would

not set operations in two different host countries i in order to serve a given market m.
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Substitute the derived expression for ﬂﬁnhs (see equation (|1.29)) in equation (|1.38]):

—0;

X T (97.) " (chdly)
] - . j _9]_ . . _9],

Xin s LD, Ti >k (gis) (C;cdink)

X _ T’zﬁ‘dilh)_gj (1.39)

X T (dd )"

where ig =317 (gis)fej. This implies that the effective technology (ig) employed
by a country to produce and compete in the international market is a combination of
the average productivity of the local producers in sector j and the average productivity
of the foreign affiliates operating in the domestic market. But the local economy has
a limited capacity to absorb foreign technologies, reflected by the cost of producing
in a foreign market (g7 ).

To get the specification that will be taken to the data, equation is divided

by country m’s normalized import share:

X0,/X5 T ()

X/ X T3 ()

(1.40)

Taking logs to both sides of the equation, we get the trade gravity equation:
Xim g (g 5 N0 ;
(L2t = (77 ()) = (Th () ) — oM (&) (1a1)

Next, we derive a gravity equation for bilateral MP to identify MP barriers (gis)
and the state of technology of local producers (T,{) for every country h and sector j
in the sample.

The volume of foreign affiliate sales from source country s in host country h
depends on two things: (1) the size of the markets foreign affiliates can access from
the host country, including the host market itself; and (2) the probability that foreign
affiliates from country s, by locating in market h, offer the lowest possible price to
consumers in market m (m,,5s). Therefore, the sales of foreign affiliates from country

s located in country A in sector j are given by:

i .
Ihs - E :ﬂ-thXg'L
m
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Iis - (. g\ Y i\ ~? X
Zs Zk TS (gks) (C‘]idhk) m (pm)
A i(ad d)?
po= 5 lG) (gﬁs(i;;) =i (1.42)
(v})

. i\ —0 .
— dJ J . X]2

where =} = ( m—?ph> X = Zh
P

j iy i (o )77
ot m” o
Zh Xn X (Pi)

In this equation, the term [ Zs /X fL represents the output share of country s’s foreign

affiliates in the total output of country h in sector j; while X,{h / Xf; corresponds to
the share of spending in country h on goods produced in country h, regardless of the
source of the technology used in production.
Dividing I} /=] by its counterpart in the host country (I7, /Z1), we get:
Bz T

= i (1.44)
L/ =5 T,

This expression is analogous to the one for bilateral trade flows presented in equa-
tion (|1.40). The only difference is that the unit cost of country A’s input bundle
cancels out of the gravity equation. Using technology from country s to produce in
country h entails hiring factors of production and buying intermediate input in the
host country h. Taking logs at both sides of equation (|1.44)), we get our preferred

normalization for estimation:

In <i) =In(7/) —In (T,z) —6ln (gzs) . (1.45)

Equation ([1.45)) implies that countries with a higher state of technology in sector
j should have larger market shares, both abroad and domestically. Therefore, a
relatively larger share of their domestic production should be in the hands of local
producers and they should also have a greater presence in foreign markets in sector j
relative to other countries. Conversely, less productive countries should have higher
shares of production in the hands of foreign producers and smaller market shares

abroad.
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Bilateral Barriers to Multinational Production and Trade: gis and di@h

To estimate MP and trade bilateral cost at a sectoral level, we assume a relationship
between dim and gis, and observable data. In particular, the log of iceberg trade cost
In(d’ ,) and the log of iceberg MP cost In(gj,) are modeled as a linear function of
distance, and whether countries share a common border, common language, regional

trade agreements, and common currency:
In(d,)=d +b,+lanl,, +CUl, + RTA , +ex] + 1. ,, (1.46)

In (9£5) =d} + b, +lan), + CUL, + RT A}, + source’ + i, (1.47)

where d, represents an indicator variable of the distance between countries m and h
lying in the kth distance interval. Intervals are measured in miles: [0, 350], [350, 750],
750, 1500], [1500, 3000], [3000, 6000] and [6000, maz]. The variable ¥ indicates whether
two countries share a common border; lan’, whether they have a common language;
CU’, whether they belong to a currency union; and RT'A’, whether they are part
of a regional trade agreement. Finally, uf;@h and ,uis denote the error terms of the
trade and MP gravity equations, respectively. They reflect the trade and MP cost
coming from all other factors and are assumed to be orthogonal to the regressors
for estimation proposes. These features of trade cost are similar to those of (Faton
and Kortum, 2002a)), and are extended to the specification of MP cost. Additionally,
based on empirical evidence showing that the elasticity of trade volumes to trade
barriers varies significantly across sectors (Do and Levchenkol [2007)), we allow each
of these bilateral variables to have a different effect on trade (d” ) and MP cost (g7.,)
across sectors.

The asymmetric specification of the trade barriers in equation follows
Waugh (2010), who includes an exporter effect (ex{b). This represents the extra
cost to country h of exporting a good to country m in sector j. In order to account
for bilateral trade volumes and relative price data, Waugh argues that trade cost must
be systematically asymmetric, with less developed countries facing a higher cost of
exporting relative to more developed countries.3?

Following a similar argument, our specification for MP barriers includes a source

effect (sourcel), which represents the extra cost to country s of producing a good in

33Tn the data, tradable prices are unresponsive to a country’s income level. Including an importer
effect in the trade cost specification will predict that less developed countries face higher prices
relative to more developed countries, a prediction that is inconsistent with the data. Therefore,
the assumption that less developed countries face higher costs of importing, compared with more
developed countries, is not appealing.
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country h in sector j. More specifically, less developed countries face systematically
higher cost to produce overseas.?* The inclusion of a source effect produces estimates
that are consistent with the observed patterns of prices and income data. Three
empirical observations are highlighted. First, the majority of the output is produced
by local producers—home bias—and it is positively correlated with the country’s
income level. Second, there is a systematic correlation between bilateral MP shares
and relative level of development: the larger the difference in relative income, the
larger the disparity in bilateral MP share between two countries. Finally, tradable and
non-tradable prices are positively correlated with income per worker. Section 7?7 in

the Appendix presents evidence to support the chosen specification in equation ((1.47)).

1.4.1.2 Estimated State of Technology: T,z and T;{

In order to recover the effective technology parameters fT;{ and trade cost dfnh implied
by the pattern of trade at the sectoral level, we estimate trade gravity equation (|1.41])),

from which —In (Tg;(%)*) is recovered as an imported fixed effect.

J/
-~ -~

exporter fixed effect importer fixed effect

() - ) ()
(1.48)

—0d], — b, — Olan’ , — OCU’, —ORT A’ , — fex] —0U) , .
o\ /

(.

~
bilateral observables error term

Isolating Tfn from the estimated importer fixed effect entails a two-step procedure,
as proposed by (Shikher], 2012)).3% First, we compute the cost of an input bundle in
host country h and sector j (cil), which is a function of wages wy,, return of capital
rh, and intermediate input prices pﬁl (see equation ) There are data available
for wy, and rp,, but intermediate input prices at the sectoral level are not observable.
Therefore, tradable prices in each sector-country pair (pfl), are obtained using both
the estimated importer fixed effect and data on share of expenditure on domestic

goods (X ih /X }JL) Finally, CZL is constructed to disentangle Tgl from the importer fixed

34There appears to be no precedent in the estimation of asymmetric barriers for MP at either the
aggregate or the sectoral level. Previous efforts assume an aggregate and symmetric specification,
where the cost that country s faces to produce in country h is equal to the cost country h faces to
produce in country s. See (e.g.,|Ramondo and Rodriguez-Clare} 2013a; |Arkolakis et al., [2013} ?)
35See section in the Appendix for details.
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effect. The bilateral trade cost df;lh is computed based on the estimated coefficients:
~ ~ o~ 3 — — P
& =exp{d, +b , +lan,, + CU,, + RTA, , + e + 7 . }.

To estimate the bilateral sector-level MP cost (gg h), we fitted the following gravity

equation:

Vel . .
hs _ 7 7
In| === In (TS ) — In (Th)
I Wh —— ——

source fixed effect host fixed effect

(1.49)

—0d], — 0b], — Olan] , — OCU], — ORT A}, — Osource’ —0u,
N ~~ 7 N~

bilateral observables error term

where gis is computed based on the estimated coefficients:
7. = exp{d + b _+lan,, + CU,, + RTA,, + source. + il _}.

Note that the exporter 65% and the source s@r\cei, components of the trade and MP
cost, respectively, are calculated using the exporter (source) and importer (host) fixed

effect estimated from the corresponding trade (MP) gravity equations. In particular:
5:?% = —1/6 [importer fixed effect+exporter fixed effect],

source! = —1/6 [source fixed effect+host fixed effect] .

Finally, using :q\{w and T U for every country pair and sector j, we solve for the
system of equations ((1.50) in order to recover the technology parameters of local
producers (77):

T) =3 ()T Vhis =1, +1. (1:50)
T) g gl -~ - gln T
1) gn G2 - - B T
- X
i T% | _95\/1 Ina - - 95\/]\/_ L Ty i

The estimates derived from this procedure constitute the baseline for the analysis
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that follows. Note that the estimates of trade costs include the residual from the trade
gravity regression (ﬁfnh) This, together with the estimated fixed effects, ensures that
the model exactly fits the observed bilateral trade for every sector. This is not the
case for MP sales, however. Although the residual from the MP gravity equation
is also included in the MP cost calculation, in our baseline estimation we solve for
the fundamental technology parameters (T,ﬂ ) using the system of equations in ((1.50))
rather than relying on the source and location fixed effects estimated in the MP
gravity equation (|1.49).

To ensure robustness, we estimate the productivity of local producers (T7) with
the MP gravity equation, by exponentiating the host fixed effect. Then, the effective
technology parameters (T}Z ) are computed, solving for each equation in inde-
pendently for each country. In this case, we match bilateral MP exactly—given the
estimated MP cost and the fixed effect from the MP gravity—but we do not match
bilateral trade flows. The estimated technology parameters under both methods are
highly correlated (0.78) and in fact the second approach yields a more pronounced
difference in the pattern of comparative advantage between local and foreign produc-
ers. We choose to estimate the overall productivity from the trade gravity equation
in order to obtain estimates consistent with the ones obtained in trade-only models
where there is no separation between the overall and local productivity.

Note that the stochastic approach developed by Eaton and Kortum (2002) implies
that every country should buy a non-zero amount of goods from every country-sector
pair, and also should host operations for all source countries in each sector. In fact,
the MP bilateral matrix in each sector has many recorded zeros, even at a high level of
aggregation. This has consequences in the estimation of the gravity equations above
as well as in the computation of the equilibrium. The gravity equations are estimated
using Pseudo Poisson Maximum Likelihood (PPML), suggested by Santos Silva and
Tenreyro (2006), to alleviate any bias from log-linearizing (equations and
in the presence of heteroskedasticity and the omission of zero trade flows. Results are
not much different when compared with the ones obtained by ordinary least squares
(OLS), although as expected the OLS overestimates the elasticity of trade and MP
flows to distance and other resistance variables. Regarding the computation, when
computing the equilibrium, we set trade and MP cost to be arbitrarily large for the

instances in which X7, and Ij_ are zero.
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1.5 Multinational Production and Comparative Ad-

vantage

This section describes the basic patterns in how estimated sector-level technology
varies across local and foreign producers for all of the countries in the sample. In
particular, we measure the effect of MP activity on the strength of comparative
advantage. Using bilateral multinational gross output and international trade data
at the sectoral level, two measures of production technology are estimated. The first
corresponds to the technology of local producers (i.e., excluding foreign affiliates)
(T7), while the second corresponds to the state of technology of all producers in the
economy (T 7). Two sets of results are presented for the countries’ relative technology:
with respect to the United States and with respect to the global frontier. The global
frontier in each sector is calculated by taking the geometric mean of the two highest
values of T7.

The baseline analysis uses the dispersion of productivities within each sector (6 =
4.2), which is the preferred value of Simonovska and Waugh (2010). As a robustness
check, results are presented for two alternative values for the dispersion parameter:
(1) the preferred estimation of Eaton and Kortum (2002), #=8.28; and (2) a sectoral
6; estimated by Caliendo and Parro (2012).%

1.5.1 Local and Overall Productivity Patterns

Table presents descriptive statistics of relative technologies both for local produc-
ers and for all producers. The first column reports the percentage change in the mean
absolute distance to the frontier across all tradable sectors between local producers’

productivity (Tﬂ;)% and all producers’ productivity (f ,{)%, a measure of the change
1
in absolute advantage due to MP [(Tg / Tg) - 1] . The second column reports the

percentage change in the coefficient of variation across tradable sectors between local
producers’ productivity (Tg)é and all producers’ productivity (i{)é The latter can
be interpreted as a measure of the change in comparative advantage implied by for-

eigner affiliate activity. In particular, the coefficient of variation across sectors is com-
V()T 1}

CV(T]) s

is recorded. Larger negative changes imply greater reduction in productivity disper-

puted for (T9)7 and (T¥)s and the percentage change between them [

sion across sectors and thus greater reduction in comparative advantage attributable

36See Table in Tables and Figures for the values of §; by sector under this specification.
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to the effect of MP. Conversely, positive values imply that a country’s comparative
advantage has become stronger—productivity dispersion increases—as a consequence
of MP.

Table 1.1: Change in Absolute and Comparative Advantage

Variable Mean

Group 1 (10 countries) ACV -0.19
AT 0.09
Group 2 (25 countries) ACV -0.29
AT 0.17

All sample (35 countries)  ACV -0.25
AT 0.14

For different values of 6 the results are remarkably similar. The correlation be-
tween the T/’s estimated under § = 8.28 and the ones estimated under the baseline
(0 = 4.2) is above 0.90. Also, the average change in comparative advantage due to
MP is similar for both values of 8, —0.24 and —0.25, respectively. Moreover, there is a
strong positive correlation in the change in absolute advantage (0.50) and comparative
advantage (0.48) under alternative values of 6.

The left panel in Table ranks countries based on the average technology up-
grade allowed by MP. In particular, Czech Republic, Poland, Lithuania, Hungary,
and Austria are the countries where absolute advantage has been affected most by
the activity of foreign affiliates in their local markets, while Israel, Greece, Belgium,
Australia, and New Zealand have seen the smallest increase in their mean productiv-
ity. In the right panel in Table [I.2] countries are ranked according to the change in
productivity dispersion between (T,{ )é and (T,{)é As can be seen, Austria, Poland,
Czech Republic, Portugal, and Spain stand as the countries with the largest reduc-
tion in comparative advantage, while Bulgaria, France, Germany, and Latvia show the
largest increase in relative difference in productivity across sectors. Finally, Norway,
Greece, and the United Kingdom register the lowest reduction in relative technology
difference across sectors.

Ranked by technology level, the top panel of Table in the Tables and Figures
shows the change in average and relative productivity for the ten most advanced

countries, and the bottom panel groups the rest of the countries in the sample. For the
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Table 1.2: Average and Relative Change in Productivity due to MP

Average Change

Relative Change

Top 10: Largest Change

Top 10: Largest Change

Countries Countries

Czech Rep. 0.41 Poland -0.53
Poland 0.35 Czech Rep -0.52
Lithuania 0.30 Spain -0.52
Hungary 0.29 Portugal -0.52
Austria 0.24 Canada -0.51
Netherlands 0.22 Austria -0.48
Slovakia 0.22 TItaly -0.47
Portugal 0.22 Turkey -0.43
Sweden 0.20 Russia -0.42
Canada 0.17 Sweden -0.41
Turkey 0.14 Slovenia -0.39
Bottom 10: Smallest Change Bottom 10: Smallest Change
Countries Countries

Finland 0.09 Japan -0.14
France 0.07 Belgium -0.08
Switzerland 0.06 Denmark -0.07
Denmark 0.04 Greece -0.06
Norway 0.04 United Kingdom -0.06
New Zealand 0.04 Norway -0.04
Australia 0.03 Latvia 0.05
Belgium 0.02 Germany 0.08
Greece 0.01 France 0.14
Israel 0.01 Bulgaria 0.14

Notes: This table reports the ten largest (top panel) and ten smallest (bottom panel) countries
affected by MP, measured by the percentage change in the mean absolute distance to the United
1 1

States in T}, — Tohp across all tradable sectors.
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set of countries with the highest effective technology, the mean productivity increases
by 19 percent, while the differences in productivity across sectors are reduced by 9
percent due to multinational activity. The less advanced countries experience an even
higher increase in mean productivity (17 percent) as well as a larger reduction in the
heterogeneity of productivity across sectors (29 percent).?” The difference in means
across both groups is statistically significant, showing that, even when both groups
are clearly affected by MP, the impact on absolute and comparative advantage is

relatively larger in less advanced countries.3®

1.5.2 The Effect of MP on Comparative Advantage

The results presented in the previous section suggest that MP is unevenly affect-
ing the average sectoral technology. In particular, the technology boost generated
by multinational firms operating in the host market is disproportionately larger in
comparative disadvantage sectors. As mentioned in Section [I.I} this is in part a
consequence of a larger foreign affiliate output share in low-productivity sectors.

Table [1.11] in Tables and Figures shows the correlation between the estimated
average productivity of local producers (Tf ) and the sectoral MP in country h. For
most countries in the sample, the correlation is negative and statistically significant
at the 10 percent level.? When all of the countries and sectors are pooled, after
controlling for country- and sector-specific characteristics, the overall correlation is
negative and significant at the one percent level (—0.304). Figure shows the result
of this conditional correlation along with a fitted regression line.*°

To shed further light on whether sectors in which local producers show greater
disadvantage are the ones that receive the biggest boost from MP, making the compar-

ative advantage of the entire economy look weaker, consider the following regression:

37If instead of the entire sample, we compare the top ten and the bottom ten countries, the
already highlighted differences become even more pronounced for the change in absolute advantage
(0.22 for the bottom ten countries), while the change in the coeflicient of variation stays virtually
the same.

38These results are in line with the findings of Levchenko and Zhang (2011). Exploiting the
temporal dimension, they found that over time countries increased their level of technology and also
experienced a reduction in the dispersion of relative productivity across sectors.

39Gimilar results are obtained if instead MP is normalized by absorption, calculated as output
minus exports.

40This correlation is similar to the one in Figure presented in Section but it replaces the
calculated total factor productivity (TFP) with the state of technology estimated relying on the
structure of the model
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a 2
MP/Production
coef=—304, t=-10.16

Figure 1.4: Multinational Production and Technology

~ .\ 1/6;
o <%> = B-log (T,{)”ej + Y+ 75+ Vny (1.51)
h

On the left-hand side of the equation is the technological upgrade in country h in
sector 7, (TV,Z /T,{)l/ej, generated by multinational activity. On the right-hand side,
the regressor of interest is the mean technology of local producers (T,ﬁ ). The speci-
fication includes country and sector fixed effects.*! The country effect captures the
average change in productivity due to MP across all sectors in each country—the ab-
solute advantage effect. The g coefficient picks up the impact of local producers’ pro-
ductivity on the relative difference between overall productivity and local producers’
productivity. In particular, a negative [ implies that relative to the country-specific
average, the least productive sectors get the largest boost in technology from MP; see
Table and Figure below. The results are robust to alternative estimations of
average productivity and values of 6 are illustrated in the Appendix A.

The results presented in this section stand as evidence of the role of MP in chang-
ing the pattern of comparative advantage in a country by affecting disproportionately
more those sectors in which local producers exhibit relative disadvantage. In this con-
text, sectoral trade models that ignore MP greatly understate the relative technology
differences across sectors among local producers.

To capture the reduction in comparative advantage generated by multinational
activity, we compute the change in average trade shares (X7 /X7) when the coefficient

of variation of local producers’ technology is one percent larger than the coefficient

41 A1l of the standard errors are clustered by country, to account for unspecified heteroskedasticity
at the country level. All the results are robust, however, to clustering at the sectoral level.
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Table 1.3: Pooled Regression Results

Dep.Variable: In (Tg)l " In (T}Z)l/@

i (1) L0951+
(0.038)

Observations 315

R’ 0.850

Sector FE yes

Coutry FE yes

Notes: Standard errors clustered at the country level in parentheses. Significance is denoted: *
p < 0.10 ** p < 0.05 *** p < 0.01. This table reports the results of regressing the technology

N 1/8,
upgrade due to MP in host country A in sector j (be / Tg) ’ on the productivity of local producers,

()"

Figure 1.5: Impact of Multinational Production in Technological Change

In{T_ali'T_local )

In{T_local)

cosl=—951, 1=-2526
Notes: This figure shows the conditional correlation of the technology upgrade due to MP in host

~. N1/6; N\ 1/6;
country h in sector j (T,JL / T,z) ’ (vertical axis) and the productivity of local producers, (T,z) ’

(horizontal axis) after controlling for sector and country fixed effects.
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of variation of all producers in the economy, while keeping constant the average
productivity—or absolute advantage. In the next section, a counterfactual scenario is
constructed to illustrate the trade implications of the actual reduction in comparative
advantage due to MP.

The basic patterns of the data are illustrated with some examples for individual
countries. Figure (|1.18)) present scatterplots of tradable sector productivity both for
local producers and for the overall economy. On the x-axis, sectors are placed in order
of their distance from the global productivity frontier, such that the local producers’
comparative advantage sectors are furthest to the left. The two countries in the top
panel, Canada and Portugal, show a pronounced weakening of comparative advantage
according to our estimates. Japan does not exhibit much weakening of comparative
advantage: while there is an average productivity increase, there is no systematic
relationship in terms of distance to frontier between local producers and all producers

in the economy.

1.6 Welfare Analysis

This section computes the welfare impact of MP taking into account the affects of
multinational production on comparative advantage. After solving the model using
the preferred estimates of parameters for technology, MP barriers, and trade barriers
(following the algorithm set forth in Section in the Appendix), we now proceed

to evaluate the fit of the model as well as its implications for welfare.

1.6.1 Model Fit

The goodness of the model can be evaluated by how closely it matches the patterns of
trade and MP data along several dimensions. Table in Tables and Figures reports
statistics from the data and the calibrated model. It reports the mean, the median,
and the correlation between the model and the data for wages, return of capital,
and manufactured imports as a share of GDP, as well as inward and outward MP
as a share of total output. Figures[1.19] [1.20] [1.21], and [1.22] present the comparison

between the model and the data for each of this variables.

First, the ability of the model to replicate the income differences across countries
is tested by comparing the wages and return of capital in every country h relative
to the United States. This is a non-trivial test for the model, for two reasons: (1)

because trade and MP interact in every tradable sector, and (2) because the model
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includes a non-tradable sector, where multinationals have a significant presence. The
median relative wages of the model (0.79) are very close to those reported in the
data (0.71), although they are slightly higher in the model. The association between
relative wages in the model and wages observed in the data is very high (0.92).

Second, even though the fundamental technology parameters and the MP barriers
were not estimated to match the bilateral MP shares, the statistics presented for the
model and the data are similar. Even when the model overestimates the share of total
output produced by foreign affiliates, it is not by much—the median of the aggregate
MP-to-output ratio is 0.30 in the model and 0.26 in the data, while the correlation
equals 0.76. This is somewhat similar to the outcomes observed by comparing the
production of a country’s affiliates overseas with total production within the country’s
frontiers. Note that in the data the mean of the outward-MP-to-output ratio (0.21)
is considerably higher than the median (0.09), which tells us that the distribution of
outward MP to output is skewed to the left. The model replicates this pattern, as
shown by a high correlation with the data (0.8).

Finally, we assess how well the model captures the trade patterns observed in the
data. Looking at the ratio of total imports to GDP, we can see that the mean of
the model and the mean of the data are very close and they have a high degree of
correlation.

Next we use the model to construct a number of counterfactuals that allow us to
understand the mechanism underlying the relationship between MP and comparative

advantage.

1.6.2 Counterfactual 1: Gains from MP in a Multisectoral
Model

As mentioned previously, gains from MP are defined by the proportional change in
country h’s real income per capita as we move from a counterfactual equilibrium with
trade but no MP to the actual equilibrium. In a competitive model, total income
equals the total returns to factors of production. Therefore welfare—or real income
per-capita—is expressed by:
wy, + rrkn
Py
The gains form MP are computed then by solving the baseline model, calculating the
welfare, and comparing this welfare to a counterfactual scenario in which all countries

are assumed to be open to trade but close to foreign producers. In order to assess

the effect of heterogeneity in MP shares across sectors, Table 4 compares the gains
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from MP in a multi-sectoral model with the gains from MP in a uni-sectoral model.
The latter by definition assumes that MP shares are the same across all sectors of the
economy.

As can be observed in the table, the mean gains from MP are 15 percentage points
higher in a multi-sector framework compared with a uni-sector framework. The real
income increase following an opening to multinational activity is 27 percent compared
to the 12 percent obtained in an scenario where MP shares are homogeneous across
sectors. Either measured by the median or by the mean, the heterogeneity of foreign
affiliate sales across sectors almost double the gains in welfare associated to MP
activity. This exercise shows that uni-sector models significantly understate the gains
from multinational activity. Similar to the effect in gains from trade due to sectoral
heterogeneity (Levchenko and Zhang), 2013), deviations from equal MP shares across

sectors due to comparative advantage, significantly increases the gains from MP.

Table 1.4: Gains from MP in a Multi-sectoral Model

Mean Median Std.Dev Min Max
MP Gains (Multisector) (%)
Counterfactual Vs 27.01 15.59 0.29 9.58 93.48

Baseline

MP Gains (Uni-sector) (%)
Counterfactual Vs 12.03 8.42 0.17 0.02 79.35

Baseline

1.6.3 Counterfactual 2: Proportional Technology Transfer

In order to assess the effect of MP on comparative advantage, this section presents
a counterfactual scenario where MP changes only the average productivity of the
economy, while keeping constant the country’s comparative advantage. To achieve
this outcome, we calculate the geometric average across sectors of the productivity
of local producers (T ,]L) and all producers in the economy <f,{> The ratio of the
two tells us the average productivity increase due to multinational activity. The

counterfactual effective productivity is calculated by increasing T,{ by the increase
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‘,] ,1:"] 1/J
factor % in every tradable sector j. Figure 1} illustrates this exercise.

(TT_, 7}

J A 1/J
) =1 —(Hj:1 D Vj=1.J
( h)count S h % J -)1/J J =

Figure 1.6: Counterfactual 2: Proportional Technology Transfer

Relative ~
Technology ~

Locals + MP (Counterfactual )

Locals

S1 S2 S3 Sa S5 Se S7 Sectors

Notes: This figure displays the tradable-sector productivities, expressed as the ratio to the global
frontier productivity for the overall economy (dash lines) and for local producers exclusively (solid
blue line). The x-axis labels sectors in descending order of the ratio to the frontier of local producers
productivity (so that the sectors where local producers are relative more productive are on the left).
The dash red line represents the productivity for the overall economy in the actual equilibrium. The
dash blue line represents the overall economy productivity in the counterfactual scenario in which
MP affects all sectors proportionally. The average productivity is the same in the actual equilibrium
and in the counterfactual scenario (blue dash line and red dash line)

Table compares the gains from trade in the actual equilibrium with the coun-
terfactual scenario. The magnitudes are substantial. The mean gains from trade in
the counterfactual scenario are almost double the actual gains from trade, going from

10.39 percent to 19.05 percent for the average country in our sample, with a minimum
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Table 1.5: Proportional Technology Transfer

Mean Median Std Dev  Min  Max
Gains from Trade (%)
Actual Gains 10.39 9.28 0.05 1.19  24.53
Counterfactual 19.05  17.42 0.08 9.18 33.81
Welfare Change (%)
Baseline Vs -3.55 -5.36 0.04 -13.34  1.13

Counterfactual

Trade Openness (%)
Baseline Vs 13.32  10.21

Counterfactual

gain of 9.18 percent and a maximum of 33.8 percent. Next, comparing the change
in real wage between the baseline and the counterfactual scenario, we find that the
sole effect of MP on comparative advantage is expressed in a reduction in real wage
of 3.55 percent. Trade openness, measured by the ratio of a country’s trade (exports
plus imports) to its GDP, is almost 13.3 percent higher in the counterfactual, where
MP does not affect the country’s comparative advantage.

If instead we impose a proportional increase in the productivity of local producers
in all sectors such that it matches the observed aggregate trade shares, rather than

the observed aggregate productivity, we get similar results.

1.6.4 Counterfactual 3: Multinational Production and Non-
Tradables

Multinational production is the only option available for producers in the non-tradable
sector to serve a foreign market. Therefore, it is not surprising that about 60 percent
of MP activity is in non-tradables. Moreover, non-tradables account for a significant
portion of the intermediate inputs used in the majority of tradable sectors. Thus,
access to cheaper non-tradable goods due to MP activity can increase the competi-
tiveness of tradable sectors, thereby improving the welfare of the economy.

Table 5 shows the change in welfare going from a counterfactual scenario, where
the barriers to investment in the non-tradable sector are arbitrarily large, to the actual

equilibrium. The results in the table show that real wages increase by 4.7 percent,
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Table 1.6: Multinational Production and Non-Tradables

Mean Median Std.Dev Min Max
Welfare Change (%)
Counterfactual Vs 6.53 4.69 0.05 1.54 12.33

Baseline

Tradable Price Index (%)
Counterfactual Vs 1.62 1.87 0.04 0.63 2.13

Baseline

while the reduction in the tradable price index is 1.9 percent.

1.7 Conclusion

This paper shows that by omitting the sectoral heterogeneity of MP sales and there-
fore its impact on comparative advantage, existing models of trade and MP in uni-
sectoral frameworks systematically overstate the gains from trade and understate the
gains from MP. A unique industry-level dataset of bilateral foreign affiliate sales for
thirty-five countries documents a new empirical regularity: multinational production
is disproportionately allocated to industries where local producers exhibit compara-
tive disadvantage.

To quantify this phenomenon, the role of differing productivity levels across in-
dustries is incorporated into a Ricardian general equilibrium model of trade and
multinational production. This paper offers the first set of productivity estimates at
the sectoral level for local producers as well as for the entire economy. Compared
with previous uni-sectoral models, this paper offers more reliable estimates of funda-
mental technology, since previous literature does not effectively isolate the technology
corresponding to local producers at the sectoral level.

There are three main contributions stemming from this work. First, it shows that
comparative advantage plays a crucial role in determining the allocation of multi-
national production across sectors: foreign affiliate activity is higher on average in
sectors where the host economy has comparative disadvantage. The analytical results
and quantitative estimations reveal that the effect of multinational production on the

state of technology is higher in those sectors in which local producers are relatively less
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productive, implying that multinational production weakens a country’s comparative
advantage. Second, it shows that gains from trade are about half of what they would
be in the absence of sectoral heterogeneity in multinational activity. In particular, in
a counterfactual scenario in which multinational production affects only the average
productivity level of the host economy while keeping its comparative advantage un-
changed, estimated gains from trade would be twice as large (19.04 percent compared
with 10.4 percent). Multinational production not only closes the absolute technology
gap across countries, it also reduces the relative technology differences across sectors
within a country. Third, it shows that heterogeneity of foreign affiliate sales across
sectors is quantitatively important in accounting for welfare gains associated with
MP activity.

The results of this study highlight the importance of incorporating a sectoral
dimension in the analysis of MP activity. It distinguishes between the absolute and
comparative advantage effects of MP, which is essential to improve our understanding
of the welfare implications and the mechanism through which an economy responds

to multinational production.
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Figures and Tables

Figure 1.7: Effect of Comparative Advantage on MP Allocation

Relative
Technology

l Low MP

High MP

Locals’ productivity

S1 S2 S3 S4 Ss Se S7 Sectors

Notes: This figure displays the tradable-sector productivities of local producers, expressed as the
ratio to the global frontier productivity for a representative economy. The x-axis labels sectors in
descending order of the ratio to the frontier (so that the sectors where local producers are relative
more productive are on the left). The Figure shows that the share of MP on the host country’s
output is higher in sectors where the relative productivity of local producers is low.
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Figure 1.8: Effect of MP on Comparative Advantage

Relative
Technology

(Locals + Multinationals) productivity

Small technology transfer

Large technology transfer

Locals’ productivity

S1 Sz S3 S4 Ss  Se S7 Sectors

Notes: This figure displays the tradable-sector productivities, expressed as the ratio to the global
frontier productivity for the overall economy (red) and for local producers exclusively (blue). The
x-axis labels sectors in descending order of the ratio to the frontier of local producers productivity
(so that the sectors where local producers are relative more productive are on the left). The Figure
shows that the red line is above the blue line for all tradable sector and that the red line is steeper
than the blue line; indicating that MP increases the productivity in all sectors but it affects more
the productivity of those sectors where local producers are relatively less productive.
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Figure 1.9: Heterogeneity of Bilateral MP /output Across Sectors
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Notes: This figure displays MP/output for nine tradable sectors for four selected host economies
(Canada, Japan, Portugal and Sweden). The x-axis represent the source countries; the y-axis repre-
sent the sectors; and the bubbles represent the MP shares for each source-host-sector triplet. Source
countries with more presence in a host country-sector pair will have bigger bubbles. The selected
source countries are: United States, Belgium-Luxembourg, Canada, Denmark, Greece, Italy, Japan,
Netherlands, Norway, Portugal, Russia Federation, Spain, Switzerland, Turkey and United Kingdom.
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Figure 1.10: Heterogeneity of Bilateral MP /output Across Sectors
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Notes: This figure displays MP /output for nine tradable sectors for four selected source economies
(Canada, Japan, Portugal and Sweden). The x-axis represent the source countries; the y-axis rep-
resent the sectors; and the bubbles represent the MP shares for each source-host-sector triplet.
Source countries with more presence in a host country-sector pair will have bigger bubbles. The
selected host countries are: United States, Belgium-Luxembourg, Canada, Denmark, Greece, Italy,
Japan, Netherlands, Norway, Portugal, Russia Federation, Spain, Switzerland, Turkey and United
Kingdom.
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Figure 1.11: Heterogeneity of MP across Sectors within a Country
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Notes: This figure displays the sum of MP over output across all source countries for each host
country-sector pair. The x-axis represents the vale of MP/output in each sector, and the y-axis
show the selected host countries. The Box-and-Whisker plot shows the distribution of MP /output
across sectors for a give host country. Within the box lies 50 percent of the observations, and the
whiskers, are drawn to span all data points within 1.5 interquartile range of the upper and lower
quartile. Observations beyond the whiskers are shown by the blue points.
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Figure 1.12: Heterogeneity of MP across Countries within a Sector
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Notes: This figure displays the sum of MP over output across all source countries for each host
country-sector pair. The x-axis represent the vale of MP/output in each host country, and the y-
axis show the nine tradable sectors. The Box-and-Whisker plot shows the distribution of MP /output
across countries for a give sector. Within the box lies 50 percent of the observations, and the whiskers,
are drawn to span all data points within 1.5 interquartile range of the upper and lower quartile.
Observations beyond the whiskers are shown by the blue points



Figure 1.13: MP by Sector: France and United Kingdom
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Notes: This figure displays the sum of MP over output across all source countries for France and
United Kingdom. The x-axis represent the vale of MP /output in each sector, and the y-axis show
the nine tradable sectors.
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Figure 1.14: Bilateral MP shares and Comparative Advantage
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Figure 1.15: Bilateral MP shares (employment) and Comparative Advantage
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Notes: The figure in the top panel depicts the partial correlation between the share of MP
(sales) for each source-host-sector triplet (M Pshare], ) in the y-axis and the ratio of productivities
(TF Phost /TF Psoyree) in the x-axis. The figure in the bottom panel depicts the partial correla-
tion between the share of MP (employment) for each source-host-sector triplet (M Pshare],,) in the
y-axis and the ratio of productivities (T'F Phrost/TF Psource) in the x-axis. These correlations are
conditional to source-host country fixed effects and sector fixed effects.
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Figure 1.16: Relationship Between U.S. MP shares and Comparative Advantage

Domestic Sales of US Foreign Affiliates

Share of MP on output
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coef = -2.614, (robust) se = .8251, t=-3.17

Figure 1.17: Relationship Between U.S. MP shares and Comparative Advantage:
Value Added

Value Added of US Foreign Affiliates

Share of MP on output

0
Technology

coef = -4.220, (robust) se = .8389, t=-5.03

Notes: This figure depicts the partial correlation between the share of MP of U.S foreign affiliates in
each host country-sector pair and the productivity of the host economy in each sector after netting
out the country and sector fixed effects.. It considers only the sales of U.S affiliates in the country of
operation (host country); that is, excluding all their exports to third countries. The y-axis represent
the vale of MP/output in each host country-sector pair, and the x-axis represent the productivity
of each host country-sector pair. The source of the data is the Bureau of Economic Analysis (BEA)
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Notes: This figure displays the tradable-sector productivities in selected countries, expressed as the
ratio to the U.S productivity for the overall economy (red circles) and for local producers exclusively
(blue circles). The x-axis labels sectors in descending order of the ratio to the frontier of local
producers productivity (so that the sectors where local producers are relative more productive are
on the left).
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Table 1.7: List of Countries

Reporting and Partner Countries

Australia* Italy* Spain*
Austria* Japan* Sweden*
Belgium-Luxembourg® Latvia Switzerland*
Canada* Lithuania Turkey*
Czech Republic* Mexico™* United Kingdom*
Denmark* Netherlands* United States*
Estonia New Zealand*

Finland* Norway™*

France* Poland*

Germany* Portugal*

Greece™ Romania

Hungary* Russian Federation

Ireland* Slovakia

Israel Slovenia

Partner Countries (only)

Argentina India Malaysia
Bulgaria Egypt Philippines
Brazil Hong Kong Singapore
Chile India South Africa
China Indonesia

Croatia Korea

Note: The symbol (*) means that the country belongs to the OECD. A reporting country is one
that reports or declares the foreign affiliate activity. The other party involved in the transaction is
called the partner country. The activity reported by the reporting country could refer either to the
sales of affiliates from other countries operating in its territory—or inward MP—or to the sales of
locally based multinationals with affiliates operating in foreign markets—or outward MP.
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Table 1.8: Summary Statistics (Multinational Production)

MP /Production MP /Imports MP /Absorption
Non-Tradables Tradables  Tradables Tradables
Declaring Economies (35 countries)
Mean 0.28 0.24 0.73 0.61
Median 0.25 0.23 0.72 0.50
Min 0.01 0.02 0.06 0.02
Max 0.84 0.59 1.86 1.79
All sample (51 countries)
Mean 0.23 0.21 0.67 0.51
Median 0.14 0.19 0.56 0.38
Min 0.00 0.01 0.04 0.02
Max 1.41 0.59 2.67 1.79

Note: MP refers to the foreign affiliate sales from all source countries in a given host-sector pair.
The columns represent MP relative to production, imports, and absorption, where absorption is
defined as production minus exports. The table presents basic statistics for the average MP rela-
tive to output, imports, and absorption across sectors within a country. The non-tradable sector
includes construction; wholesale, retail trade, restaurants and hotels; and transportation, storage,
and communication.
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Table 1.9: Multinational Production by Country

Country Number of MP /output Number of MP /output
Source Countries  (Inward)  Location Countries (Outward)
Australia 2 0.15 10 0.27
Austria 22 0.37 19 0.24
Belgium 7 0.10 20 0.26
Bulgaria 26 0.26 3 0.00
Canada 7 0.43 14 0.26
Czech Rep. 25 0.48 14 0.26
Denmark 13 0.18 22 0.29
Estonia 11 0.27 5} 0.02
Finland 17 0.18 20 0.34
France 26 0.30 31 0.23
Germany 26 0.27 30 0.23
Greece 1 0.03 23 0.08
Hungary 27 0.64 9 0.00
Ireland 11 0.26 15 0.27
Israel 1 0.02 12 0.22
Italy 25 0.20 20 0.23
Japan 10 0.03 23 0.25
Lithuania 16 0.15 6 0.00

Note: Inward MP refers to foreign affiliate sales from all source countries in a given host-sector pair.
Outward MP refers to the sales of foreign affiliates in all host countries for each source-sector pair.
The second column represents the number of source countries operating in each country. Similarly,
the fourth column represents the number of host countries in which each country has operations.
The third and fifth columns represent the weighted average of the shares of inward and outward MP
relative to each country’s production. Averages are weighted by relative size of the sector in the
economy. The table contains statistics for tradable sectors only and thirty-five reporting countries.

63



Table 1.10: Multinational Production by Country (Cont.)

Country Number of MP /output Number of MP /output
Source Countries  (Inward)  Location Countries (Outward)
Latvia 11 0.10 2 0.00
Mexico 7 0.26 3 0.15
Netherlands 20 0.32 27 0.21
New Zealand 2 0.02 6 0.16
Norway 14 0.19 19 0.28
Poland 24 0.44 16 0.15
Portugal 17 0.29 12 0.21
Romania 32 0.59 4 0.00
Slovakia 16 0.51 8 0.01
Slovenia 13 0.12 7 0.00
Spain 26 0.27 16 0.25
Sweden 21 0.40 23 0.27
Switzerland 3 0.17 25 0.24
Turkey 8 0.08 6 0.12
United Kingdom 30 0.43 28 0.23
United States 23 0.18 34 0.22

Note: Inward MP refers to foreign affiliate sales from all source countries in a given host-sector pair.
Outward MP refers to the sales of foreign affiliates in all host countries for each source-sector pair.
The second column represents the number of source countries operating in each country. Similarly,
the fourth column represents the number of host countries in which each country has operations.
The third and fifth columns represent the weighted average of the shares of inward and outward MP
relative to each country’s production. Averages are weighted by relative size of the sector in the
economy. The table contains statistics for tradable sectors only and thirty-five reporting countries.
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Table 1.11: Multinational Production and Comparative Advantage, Se-
lected Countries

Country Total MP  MP/Production MP/Absorption MP/Demand
Canada -0.569 -0.646* -0.694* -0.642%*
Denmark 0.223 -0.107 -0.157 -0.2023
France -0.229 0.352 -0.244 -0.114
Germany -0.556 -0.370 -0.506 -0.351
Greece -0.910%* -0.903* -0.901* -0.936*
Ttaly -0.610%* -0.678* -0.700%* -0.675*
Japan -0.551 -0.685* -0.691°%* -0.693*
Mexico -0.644* -0.662%* -0.652%* -0.636*
Norway -0.541 -0.767* -0.720%* -0.706*
Poland -0.393 -0.505 -0.592* -0.521
Spain -0.759%* -0.759* -0.756%* -0.729*
Turkey -0.494 -0.574 -0.598%* -0.601*
United Kingdom -0.546 -0.355 -0.233 -0.246

Notes: This table presents the correlation between the mean productivity of each host country-sector
pair (T )5 and the importance of multinational production in total output for each country in the
sample. The relevance of MP is measured by its value in levels, as well as a fraction of sectoral
output, absorption (output minus exports) and demand (output+imports-exports).
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Table 1.12: Relationship Between Bilateral MP and Comparative Advan-
tage

Dep. Variable MP share{w

(1) (2) (3)
(T3 ot/ Thuree) C0.0159%FF  —0.0347FF  —0.0389%%*
(0.0018)  (0.0049)  (0.0052)

R? 0.02 0.44 0.47
Host fe x Source fe No Yes Yes
Sector No No Yes
Corr Coef. —0.109***  —0.09%**  —0.11%**
Observations 2415 2415 2415

Notes: This table presents the results of the Least Square Regression between the share of MP for
each source-host-sector triplet (M Pshare; ) and the ratio of productivities (T'F Phost/TF Psource)-
Robust standard errors reported in parentheses. Significance is denoted: * p < 0.10 ** p < 0.05 ***
p < 0.01.
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Table 1.13: Productivity 7/ and i{

Country Average Change Relative Change

Australia 0.03 -0.22
Austria 0.24 -0.48
Belgium 0.02 -0.08
Bulgaria 0.14 0.14
Canada 0.17 -0.51
Czech Rep. 0.41 -0.52
Denmark 0.04 -0.07
Estonia 0.19 -0.28
Finland 0.09 -0.22
France 0.07 0.14
Germany 0.11 0.08
Greece 0.01 -0.06
Hungary 0.29 -0.37
Ireland 0.07 -0.27
Israel 0.01 -0.09
[taly 0.14 -0.47
Japan 0.03 -0.14

Note: The first column reports the percentage change in the mean absolute distance to the frontier
across all tradable sectors between local producers’ productivity (Tg)% and all producers’ produc-
tivity (Tﬂl)% The second column reports the percentage change in the coeflicient of variation across
tradable sectors in the distance to the frontier between local producers’ productivity (T,Z)% and all
producer’s productivity (ﬁ{)% In the baseline, 6 = 4.0.
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Table 1.14: Productivity 77 and 77 (Cont.)

Country Average Change Relative Change
Latvia 0.10 0.05
Lithuania 0.30 -0.16
Mexico 0.15 -0.34
Netherlands 0.22 -0.29
New Zealand 0.04 -0.26
Norway 0.04 -0.04
Poland 0.35 -0.53
Portugal 0.22 -0.52
Romania 0.19 -0.27
Russia 0.20 -0.42
Slovakia 0.22 -0.29
Slovenia 0.09 -0.39
Spain 0.13 -0.52
Sweden 0.20 -0.41
Switzerland 0.06 -0.32
Turkey 0.14 -0.43
United Kingdom 0.07 -0.06
Average 0.15 -0.26

Note: The first column reports the percentage change in the mean absolute distance to the frontier
across all tradable sectors between local producers’ productivity (T,JL')% and all producers’ produc-
tivity (Tg)% The second column reports the percentage change in the coefficient of variation across
tradable sectors in the distance to the frontier between local producers’ productivity (T,{)% and all
producer’s productivity (77)#. In the baseline, 6 = 4.0.
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Table 1.15: Comparison beteween ﬁmde and Tmp

Panel A: Sector by Sector Rank Correlations

Sector Code Sector Name Correlation Countries
S15-16 Food and Beverages 0.72 35
S17-19 Textiles apparel 0.61 35
S20-22 Wood, paper and printing 0.84 35
S23-25 Chemical products 0.91 35
S26 Non-Metallic Mineral Products 0.65 35
S27-28 Basic and Fabricated Metal Products 0.56 35
S29-33 Computing, Machinery, Communication Equipment 0.81 35
S34-35 Transport Equipment 0.62 35
S36-37 Furniture and Other Manufacturing 0.64 35

Panel B: Fixed Effects Regressions

(1) (2) (3)

Dep. Var: log(j?mde)

log(T73,) 0.961 % 0 .9980%**  (1.3236***
(0.0871) (0.0364) (0.0760)
Obsevations 315 315 315
R-squared 0.5284 0.4474 0.8657
Partial p 0.638 0.642 0.319
Sector FE no yes yes
Country FE yes no yes

Notes: This table reports the results of comparing the overall productivity estimates using the main

procedure adopted in the paperfé,a 4o (i-e. using the gravity equation) with the overall productivity

estimates using the MP gravity equation Tfjﬁp (i.e.to estimate the locals producers productivity Tﬂ;
and the MP barriers hfw in order to calculate the overall productivity. Panel A reports the Spearman
rank correlations of the two alternative overlal productivity measures by sector. Panel B reports the
results of a fixed effect regression of T . on Tﬂﬁp. In Panel B robust standard errors reported in
parentheses. Significance is denoted: * p < 0.10 ** p < 0.05 *** p < 0.01. Partial p is the partial
correlation between the right-hand side and the left hand side variables, after netting out the fixed

effects included in the column.
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Table 1.16: The Fit of the Baseline Model with the Data

Model Data

Wages

Mean 0.761  0.650

Median 0.790  0.710

corr(model,data)  0.920
Imports/GDP

Mean 0.364  0.359

Median 0.342  0.291

corr(model,data)  0.829
Inward MP /Production
Mean 0.338  0.269
Median 0.302  0.258
corr(model,data)  0.758
Outward MP /Production
Mean 0.310  0.205
Median 0.070 0 .091
corr(model,data)  0.804

Note: This table reports the mean and median of wages relative to the United States, return to
capital relative to the United States, and imports as a share of GDP, both in the model and in the
data. In the data, Imports/GDP are the manufacturing imports as a share of GDP in the 2000s,
sourced from the World Bank’s World Development Indicators. Wages, production and inward and
outward multinational production in the data are calculated as described in Section [1.19
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Figure 1.19: Wages Relative to United States
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Note: The Figure in the top represents the scatter-plot of wages in the data (x-axis) against the
model’s counterpart (y-axis). The bottom panel represents the scatter-plot of Imports/GDP in the
data (x-axis) against the model’s counterpart (y-axis). In the data, Imports/GDP are the average
manufacturing imports as a share of GDP over the period 2003-2007, sourced from the World Bank’s

World Development Indicators. Wages, in the data are calculated as described in Section [I.19] using
UNIDO data. The solid line is the 45-degree line.
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Figure 1.21: Inward MP/Production
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Note: The Figure in the top represents the scatter-plot of Inward MP in the data (x-axis) against
the model’s counterpart (y-axis). The bottom panel represents the scatter-plot of Outward/GDP in
the data (x-axis) against the model’s counterpart (y-axis). In the data, Inward MP are calculated
by summing the foreign affiliate production of all possible sources for each host country-sector pair,
and then is normalized by the total output of the hots country in each sector. The solid line is the

45-degree line.
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1.8 Appendix A: Data Description

1.8.1 Multinational Production Data

Multinational production data at the bilateral sectoral level was gathered mainly
from unpublished OECD data, in particular, International Direct Investment Statis-
tics and the Statistics on Measuring Globalisation. This datasets contain information
concerning the economic activities of multinational firms (such as production, em-
ployment, number of affiliates, etc.) for thirty reporting countries belonging to the
OECD, and the fifty-five partner countries that are host or source of their MP op-
erations. Nominal data is reported in the currency of the reporting country, which
is converted to U.S. dollars using the average annual exchange rate provided by the
OECD.

The industry classification used is ISIC Revision 3. A total of seventy sectors and
sub-sectors are covered in the original data for agriculture, mining, manufacturing,
and services. We could potentially get a higher level of sectoral disaggregation, but
because of disclosure and confidentiality issues, many observations are available only
at a more aggregate level.#? Therefore, to maximize the accuracy and coverage of the
data, we aggregate it to nine tradable and four non-tradable sectors. In order to build
a dataset based on primary information for the largest possible set of countries, we
aggregate the information at roughly the 1-digit ISIC level, as shown in Table [I.17]

For those countries that do not belong to the OECD, or for which complete infor-
mation was not available in the OECD data, we draw information from the Foreign
Affiliate Statistics database provided by Eurostat. This dataset, reports information
for 41 source and 22 host countries at the source-host-sector triplet. A total of 117
sectors and sub-sectors are covered in the original dataset. Eurostat uses NACE Re-
vision 2, for which we develop a concordance to merge it with the ISIC classification
used by the OECD database.

In order to ensure that a zero was not mistaken for a missing value in the data,
we rely on two additional measures of multinational activity recorded in the dataset
(employment and the number of foreign affiliates in a given source-host-sector triplet)
as well as information on revenues reported by ORBIS and BEA. Whenever possible,
inward flows were chosen, given that it is more likely that multinational sales are
better reported by the host country than by the sending country. Moreover, the host

country also reports the ultimate sector of investment, which can be different from

42For some sector-country pairs, only a few affiliates are operating and therefore the full disclosure
of this information could reveal confidential data about a particular firm.
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Table 1.17: Sectors

ISIC Code Name
S15-16 Food, beverages, and tobacco
S17-19 Textiles, wearing apparel, leather, footwear
S520-22 Wood and paper products, publishing, printing
S523-25 All chemical products

S26 Non-metallic mineral products

S27-28 Basic and fabricated metal products
529-33 Total machinery and equipment; medical and precision instruments
S34-35 Transportation equipment
S36-37 Furniture, recycling, and manufacturing n.e.c.
S40-45 Electricity, gas and water supply, construction
S50-55 Trade, repair, hotels and restaurants
S60-64 Transportation, storage and communications
S65-74 Finance, insurance, real estate, business activities
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the parent firm’s sector in the source country.

Given the different data sources used in its construction, it is important to as-
sess the quality of the dataset. Because of disclosure and confidentiality issues, the
accuracy of reported foreign affiliate sales increases with the aggregation level. This
means that we have better information about the total manufacturing sales of Ital-
ian multinationals in France, but less accurate information about how much of those
sales occur in the chemical and textile sectors. Therefore, we rely on two-dimensional
data to assess the quality of this three-dimensional dataset. The first one of the
two-dimensional datasets contains information on bilateral MP sales for total manu-
facturing in a given source-host pair, while the second one aggregates MP sales across
all source countries for any given host-sector pair and also across all host countries
for any given source-sector pair. Information for total manufacturing is used to assess
how well the sectoral disaggregation accounts for total manufacturing flows. These
two datasets constitute a benchmark for the aggregate flows, which can be used to
check the validity of more disaggregated information coming from other sources. To-
tal manufacturing foreign affiliate sales are calculated by summing them across the
nine manufacturing sectors and then comparing them with the total manufacturing
sales of foreign affiliates reported directly by OECD, Eurostat, and UNCTAD.

The final database comprises thirty-five countries, nine tradable sectors, and one
aggregated non-tradable sector. Each observation is averaged over the period 2003—
2007. After all of the quality controls have been applied to of this dataset, we get
positive MP values for 2,987 source-host-sector relationships, from a potential of about
11,900.

1.8.2 Trade and Production Data

Production data: gross manufacturing production data at the sectoral level is from
the 2012 UNIDO Industrial Statistics Database, which reports output, value added,
employment, and wage bills at a 2-digit ISIC Revision 3 level of disaggregation. The
data were further aggregated in order to match the classification used in the assembled
MP database. Production data at the 2-digit ISIC level was extensively checked for
quality. In cases where a country-year-sector observation had missing values, or were
production was lower than exports, those values were imputed based on information
from previous years as well as information on export patters. The production dataset
is also used to calibrate important parameters of the model, such as the share of value

added in production (f;) and the share of labor on total value added (c;), which are
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calculated by taking the median of each parameter across countries for each tradable
sector. Note, however, that the UNIDO database does not contain information on
the non-tradable sector. Therefore, to calculate a1 and (.1, we use the 2002
Benchmark Detailed Make and Use Tables for the United States. Table [L.1§ lists the
sectors along with the key parameters values for each sector: a;, §;, and the taste
parameter w. More important, we use the production data to compute the share of
output produced by local producers in country h and sector j. This is calculated
by subtracting from the output the total production of foreign affiliates, in every
country-sector pair.

Trade Shares: Bilateral trade data was drawn from Comtrade (4-digit SITC Re-
vision 2), and aggregated up to the 2-digit ISIC level, using a concordance that we
develop. Then we aggregate further to the sectoral aggregation shown in Table [1.1§]
to merge the trade data with production and MP datasets. Note that imports were
use for trade values, which were discounted by a factor of 1.2 because transportation
cost is included in the value. To calculate the trade shares (X;h / Xﬂn) at a sectoral
level, we first compute a country’s exports in a given sector, by aggregating bilateral
exports across all partners countries. We then divide the value of country m’s im-
ports from country i by the demand of the importer for sector j goods (X7 ); which
is gross production minus exports, plus imports in sector j, yielding bilateral trade
shares. Also note that imports and exports are calculated using only the countries in
the sample.

Bilateral gravity variables: the distance measures used to estimate trade cost, as
well as data on common border and common language, are taken from the Centre
d’Etudes Prospectives et d’Informations Internationals (CEPII). Information on trade
agreements comes from the RTA database maintained by the WTO.

Factor prices: For each country in the sample wages are calculated by dividing
the wage bill aggregated across all manufacturing sectors by total employment in
manufacturing; wages are then normalized by the U.S. wage. For the few countries
for which information on wage bill or employment was not available, the income
percapita reported by the Penn World Tables (PWT) was used.
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Table 1.18: Model Parameters

ISIC code Sector Name Q 16 w 0
S15-16 Food, beverages, and tobacco 0.351 0.256 0.209 2.84
S17-19 Textiles, wearing apparel, leather, footwear 0.515 0.308 0.103 5.59
520-22 Wood and paper products, publishing, printing 0.401 0.339 0.025 9.50
S523-25 All chemical products 0.303 0.241 0.114 8.28
S26 Non-metallic mineral products 0.343 0.371 0.071 3.38
S27-28 Basic and fabricated metal products 0.396 0.273 0.014 6.58
529-33 Total machinery and equipment; medical and precision 0.424 0.276 0.187 10.6
S34-35 Transportation equipment 0.467 0.252 0.175 1.84
S36-37 Furniture, recycling, and manufacturing n.e.c. 0.483 0.253 0.065 5.00
S-NT Non-Tradables 0.54 0.64

Note: This table reports the median of the labor share in value added («;), the share of value added in total production (3;), and the taste parameter

for tradable sector j. The values of the dispersion parameter 6 correspond to estimates of Caliendo and Parro (2011).



To calculate the return of capital, we rely on the market clearing condition of the
model (ry,/wy, = ((1 —«a) Ly) / (aKy)), along with the data on labor and capital.*®
Total labor force in each country (L,) and capital stock are obtained from the PWT.
Total labor force is calculated as the ratio of real GDP (calculated as the product of
real GDP per capita and total population) and real GDP per worker. Total capital is
calculated using the perpetual inventory method (K, = (1 — 0) Kp4—1 + Ipy), where
I, is the total investment in country h in period t; the depreciation rate ¢ is assumed
to be 6 percent. The initial value of K is equal to I, /(v + ), where v is the average
growth rate of investment in the first ten years for which data are available.

Intermediate input coefficients: The intermediate input coefficients (7y;) are ob-
tained from the Direct Requirements Table in the 2002 Benchmark Detailed Make
and Use Tables for the United States, which uses the NAICS classification. Specifi-
cally, this data report the intermediate input in each row (k) required to produce one
dollar of final output in each column (j). Then, we use a concordance to the ISIC
Revision 3 classification to build a direct requirement table at the 2-digit ISIC level,
and then further aggregate to the ten-sector level classification used in this paper.
For a given column j, we can aggregate the rows k using the concordance. In order
to further aggregate the columns to the ten-sector level, we compute the weighted
average across columns, with the weights given by the relative importance of each
sector.

Prices of tradables and non-tradables: The price of non-tradables relative to the
United States (p; ™' /pi!) and the price of non-tradables relative to tradables in each
country (pfrl / pf) are calculated using data from the International Comparison of

Prices program (ICP).*

43Where « is the aggregate share of labor in GDP, which is set to 2/3.

44The sectors grouped as tradables are: food and non-alcoholic beverages, alcoholic beverages
and tobacco, clothing and footwear, furnishings, household equipment, and household maintenance.
As non-tradables we group housing; water, electricity, gas, and other fuels; health; transport; com-
munication; recreation and culture; education; restaurants and hotels.
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Table 1.19:

Intermediate Input Coefficients ()

ISIC

S15-16

S17-19

S20-22

523-25

526

S527-28

529-33

S34-35

S536-37

S-NT

S15-16
S17-19
520-22
523-25
526
S527-28
529-33
534-35
536-37
S-NT

0.42698
0.00139
0.09119
0.07866
0.01923
0.05982
0.01617
0.00352
0.00013
0.29500

0.01428
0.43133
0.01537
0.19233
0.00285
0.01364
0.01586
0.00095
0.00824
0.30511

0.00325
0.02012
0.42683
0.09395
0.00719
0.02972
0.03696
0.00379
0.00244
0.37570

0.00299
0.00487
0.02177
0.50759
0.01080
0.02629
0.02881
0.00219
0.00157
0.39307

0.00178
0.00492
0.05206
0.08068
0.26005
0.05872
0.03558
0.00443
0.00274
0.49900

0.00000
0.00000
0.01314
0.04675
0.01002
0.47551
0.06016
0.00356
0.00136
0.38946

0.00000
0.00409
0.01432
0.07382
0.01082
0.16597
0.30742
0.01111
0.00604
0.40636

0.00000
0.01526
0.01046
0.05587
0.01109
0.15129
0.09851
0.36735
0.00415
0.28600

0.00000
0.04584
0.13538
0.13819
0.00709
0.15656
0.03202
0.00212
0.08574
0.39700

0.02200
0.00376
0.03858
0.05982
0.01215
0.01885
0.03468
0.01440
0.00772
0.78800

Note: This table reports the value of the intermediate input in row k required to produce one dollar of final output in column j (vx;).



In order to estimate the productivity of each country-sector pair in levels rather
than relative to the United States, we need to estimate U.S. productivity in every
sector. To do this, we calculate the TFP in each tradable sector using the NBER-
CES Manufacturing Industry Database, which reports total output, input usage in
production, employment, and capital stock along with sectoral deflators for each. The
data are available at the 6-digit NAICS classification and they are converted into the
ISIC 2-digit classification using a concordance we have created. Finally, the share
of expenditures of traded goods (&) in each country is sourced from Levchenko and
Zhang (2012).

1.9 Appendix B: Estimated Parameters

1. Preferences
a) o, where ﬁ is the inter-temporal elasticity of substitution
b) n, elasticity of substitution between the tradable sectors
¢) &,, Cobb Douglas weight for the tradable sector composite good in country n

d) w;, weights of each tradable sector in final consumption

2. Technology

a) €;, elasticity of substitution in production across goods in sector j
b) o, value added based on labor intensity

c) B;, valued added based on labor intensity

d) ks, output industryj requirement from input industry k.

e) 0;, dispersion of productivity draws in sector j

)
f) T?, state of technology in country n and sector j

3. Multinational production and Trade barriers
a) d

ns?

b) A

st

iceberg trade cost of exporting from country s to country n in sector j
iceberg MP cost of produce in country s using technologies from country ¢

in sector j
4. Labor and capital endowment

a) L,, stock of labor in each country

b) K,, stock of capital in each country
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1.10 Appendix C: Proof of Propositions

1.10.1 Proof of Proposition 1

Proposition 1: In a two-country, two-sector world economy, the lower the technology
of country 1 in sector a (country 1’s comparative disadvantage sector) relative to sector
b, the higher the probability that firms from country 2 will produce in sector a relative

to sector b in country 1.

Proof. Define the ratio of probabilities that country 2 will produce in country 1 as:

1
0

a - N —0
why Ty | TEO )T 1 ()]

b b
Ti12 T

=

T (g0 +d-9)"7 +T¢ [1 + (gd)‘ﬂ
Dividing and multiplying by 77

_1
0

o6 g6\ 5 4 I¥ —0
w1 |16 )R 1 (9]

b b
112 T

SN

%Z (g0 +d=0) 77 + [1 + (gd)ﬂ

For any set of parameter values T, T, and T} consistent with the assumption made,
a higher T? increases the comparative disadvantage of country 1 in sector a, increasing
the relative probability of hosting multinational production in that sector. In other
words, the stronger the comparative advantage of country 1 in sector b, the higher the
probability that goods in sector a in country 1 will be produced using the technology

of foreign affiliates from country 2. Formally, this means that:

) (”}}2) 10T < 0
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1.10.2 Proof of Proposition 2

Proposition 2: The more heterogeneous the technology upgrade across sectors toward
comparative disadvantage sectors, the lower the dispersion of effective technologies and

the lower the gains from trade.

Proof. Without loss of generality, let us define two welfare scenarios for country 1
(and the same for country 2): First, one in which sectoral productivity increases
disproportionately toward comparatively disadvantaged sectors; and a second one in
which productivity increases homogeneously in both sectors due to MP.

Scenario 1: To construct the first scenario, we apply a common MP barrier across
all sectors (¢* = ¢° = g). A common g in both sectors causes an uneven technology
upgrade across sectors. Using this assumption together with equation , we can

rewrite the expression of technology upgrade in sector j as follows:

T T+ gy Ty
L _ 179 e g g0z
T T T

Replacing this expression in equation ([1.25) and using the mirror image assumption
(T¢ = TP and T? = T?) yields:

Y o Ta —1/26
(1+o7) (1+977F)

((1+ (dg)) + 7 (g~ + =) (1 + (dg)=*) + T (g0 + )

GT(s1) =

Scenario 2: To make this scenario comparable to scenario 1, we solve for the

set of g% and ¢” such that (1) the productivity upgrade across sectors is the same

T~ T8 and (2) the average effective productivity in country 1 Ty is the
T& = 75 )i an verag ive productivity in country 5 i
same when MP barriers are the same across sectors (¢ = ¢ = g), as in scenario 1,

and also when they are not (¢ # ¢°), as in this scenario.
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The first condition implies that:

(%) -
9" Ty
The second condition implies that:
g (Y +T7) = g, T + 9, ' T}

2
Substituting ¢,% = g, 0 (T > from the first equations into the second equation

a
T
Tl

we get expressions for g, and g,:

and

Replacing the expressions for g;¢ and g, % in equation (1.25)), we get the gains

from trade in Scenario 2 (GT(s2)) are equal to:

~1/20
(1+g7°

N N0 —9 . ~6
(1 + (dg%) - ((g%) + d9)> (1 + (dg%) + 7 ((ggﬁ—f) +d9>)

The gains from trade are higher in the counterfactual scenario compared with the

actual equilibrium (G7{g2) > GT{s1)) if:

(o) (o) s geip(o s [ )t
T
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or:
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The above is true if the following three conditions are satisfied simultaneously:

b a
(1+9%) (1+97%)

. >=1
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It can be shown that the first condition is true as long as:

Ta+Tb— X + ! >=2
™ T X N

where X = This is true for any ratio of productivities {; Note that (X + %)
reaches its mllmmum, which equals 2, when X = 1. The seconld and third conditions
are always satisfied given that it is always true that X% > 0 and (X *1)_9 > 0.
Therefore, GT{s2) > GT{s1).

O

1.10.3 Proof of Proposition 3

Proposition 3: The higher the heterogeneity of MP across sectors, the higher the
gains from MP. When the share of domestically produced goods is the same across
sectors (y&, = yb, ), the gains from MP attain a minimum. Therefore, uni-sectoral

trade-MP models understate the actual gains from MP as long as y, # y%,

Proof. The gains from MP are given by:

_ L
(1 + T—f;d—"> + (1 + ;f—lzd—f’) ¥
GMP, = 1

(14 (o)) + 35 (70 +d=0) + (1+ (dg) ™) + 7k (970 + 4-)

The first-order condition of this expression is equal to zero when T = TP. At

this point, GM P, attains a minimum given that the second-order condition is higher
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than zero, as shown below.

dGMP, 1

S = g [ (1= X)) (24209 + (@ g7) (X7 +))
g M@+ (X714 X)) (@7 +97) (1= X72)

20
(1.52)

_a_
where Y = GMP, ** "and X = T¢/TP. The above equation is equal to zero only
when T2 = T?. As shown below, the second derivative of GM P, is positive; therefore,

we reach a minimum when relative productivities are the same across sectors:

92GMP,
b 2 =
o (Te /1Y)
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1.11 Appendix D: Equilibrium Solution

‘ i N , ; y J+1
Given {Lha Kh7 {Th }j=l ) Sn}n:17 {E, Qj, 937 B]" {fYkJ} ’ {ghS}NxN ’ {th}NXN}jzl ’ and
1, we compute the competitive equilibrium of the model as follows.
N
1. Guess {wn,rn},_;

a) Compute the prices from the following equations:
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b) Compute the final demand as follows: for any country n:

mem + 7ﬂm[(m Wy (pgn)l_n
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J+1 Wi Ly + T Koy
Yo =0 =&m) plt1
¢) Compute the probabilities Wf;]hs as follows:
0 (W) ™" () ™"
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Zh Zs TSJ (gis) (C;zdfnh)
d) Total Demand. In this section we are looking for the Q¥ that satisfies the

86



following equation:

N N
v, h—th“rZ 1= Bi) Vi (ZZW hsme’“> (1= Brs1) 7 J+1Z7Thh5 prtet

m=1 s=1

e) Compute the factor allocations across sectors as follows: for any country n

i s = =
Lt %ﬂj (1 —ay)pB;
’thi—H . 7"th+1

asi1fBra (1—ay) Br

N
Z Al pI QI =
s=1

f) Update {wy, r}b}nNzl with the feasibility conditions for factors: for any n

J+1 J+1

L =1Ly Y Kj=K,
j=1 j=1

2. Repeat the above procedures until {wy,, rh} " is close enough to {wy, 75}
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1.12 Appendix E: Estimation

1.12.1 Effective technology: two-step procedure

The importer fixed effect recovered from the gravity equation is given by:

Sj — E (i) -

The share of spending on home-produced goods is given by:

S <%> "
Xi Ph
Dividing it by US, we have:

T ()" (1) (%)
X’Zs,us/leLs qus C&s ngs " pgz

The ratio of price levels in sector j relative to US becomes

P _ ( X3,/X) 1 )é
p{w X’Zs,us/le;s S%

Then, cost of the input bundles relative to the U.S can be written as:
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CHAPTER 11

Multinational Production and
Intra-firm Trade

2.1 Introduction

The proximity-concentration tradeoff constitutes the basis of one of the most impor-
tant theories of multinational production. In stark contrast with the prediction of
the workhorse monopolistic competition model of trade and foreign direct investment,
several new empirical papers document that total foreign affiliates sales are subject
to gravity-style forces akin to those observed for aggregate exports (Yeaple, 2009;
Keller and Yeaple, [2013; [Irarrazabal et al., |2013). That is, rather than avoid the
transportation costs associated with exports, multinational sales also decrease with
remoteness and other geographical variables.

A natural explanation for the observed patterns of bilateral foreign affiliate sales
is the existence of trade in intermediate inputs across countries within the boundaries
of the firm. The use of intermediate inputs produced by the parent introduces a
source of complementarities between trade and multinational production if in order
to produce overseas, foreign affiliates have to import intermediate inputs from their
home market.

Intra-firm trade is an important component of U.S. international trade. In partic-
ular, exports of manufactured goods from U.S. parents to their cross-border network
of affiliates account for 20 percent of U.S. exports; and intra-firm imports by foreign-
controlled U.S. affiliates from their foreign parent groups have generally accounted

for 20-25 percent of total U.S. imports . Thus, to reconcile the theory of horizontal

!Bureau of economic Analysis.
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multinational activity with the new empirical facts, new models have incorporated
intra-firm transactions in the workhorse framework of trade and foreign direct invest-
ment (FDI) (Helpman et al 2004. HMY, henceforth).

A striking feature of intra-firm trade is its pronounced heterogeneity across firms;
not only at the aggregate level, but also at the sector-destination country level. In
particular, using detailed data from the Bureau of Economic Analysis, Ramondo et al.
(2014)) have documented that intra-firm trade is concentrated among a small number
of large affiliates and it represents only a very small fraction of their input and their
total sales. For example, in 2004, the median manufacturing affiliate, measured by

2 and sold 91 percent of its

sales, received none of its inputs from its parent firm,
production to unrelated parties, mostly in the host country. The skewness of intra-
firm flows toward large corporations, and the bias of multinational sales to local
unrelated parties are robust to both the country of destination and the industry of
operations.

These findings pose new challenges to the theory. First, existent models take it
for granted that all affiliates import from their parents and therefore are silent about
the selection and the skewness observed in intra-firm flows. Second, if intra-firm
trade is what causes affiliate sales to decline with increases in trade frictions, then
gravity forces will affect only those firms in the upper tail of the firm size distribution
but not the relatively small firms.> Using the ORBIS dataset, we present evidence
showing that the gravity of foreign sales could not be explained solely by intra-firm
trade. In fact, we show that even firms that likely do not engage in intra-firm trade
exhibit a significant resistance to geographical barriers. In particular, we divide the
sample of firms by the likelihood of engaging in intra-firm transaction and show that
the standard gravity variables (i.e., distance, common border, common language, and

regional trade agreements) play a significant role in diminishing the observed foreign

20f course, this does not rule out the possibility that an affiliate is importing intermediate inputs
from another affiliate who is part of the international production chain. Unfortunately, such flows
are not recorded in any of the available datasets. Nevertheless, the fact that the vast majority of
affiliates sell their output to unrelated parties alleviates part of these concerns. We discuss these
issues in more detail in a later section.

3The fact that foreign affiliate sales decline with increases in trade frictions (gravity of multina-
tional activity) also poses important challenges to the theory of multinational production based on
vertical integration. In contrast with horizontal intra-firm FDI models in which firms may or may
not engage in intra-firm trade, in models of vertical multinational production, intra-firm transactions
are a necessary condition for the existence of foreign affiliates, whose main role is to provide cheaper
intermediate inputs to their parents and to other affiliates within the corporation. Therefore, the
vertical integration theory of multinational activity could not rationalize the observed absence of
intra-firm flows among firm within a corporation that sell the majority of their output to unrelated
parties in the host market.
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affiliate sales of all firms, regardless of their size. As expected, gravity forces diminish
the sales of large affiliates which often engage in intra-firm trade. But the gravity
frictions also negatively and significantly affect the sales of the relatively small foreign
affiliates, which often do not trade with their parents and sell the vast majority of
their output to unrelated parties in the host market.*

The previous finding it is at odds with the predictions of new FDI intra-firm mod-
els, where the gravity of multinational production relies on the existence of intra-firm
flows. Therefore, to capture the former stylized fact and to account for the extensive
margin of intra-firm trade, this paper develops a multi-country model of heteroge-
neous firms, in which parents decide whether or not to supply foreign affiliates with
intermediate inputs and if so, optimally decide the fraction that will be imported from
the parent company. The proposed theoretical framework matches the distribution of
multinational sales as well as the intra-firm trade patterns observed in the data: the
less productive firms do not import intermediate inputs from their parent, whereas
the most productive ones engage in intra-firm trade. In the model, the selection is ex-
plained by the irreversible investment that a multinational corporation has to make in
order to establish an adequate platform to carry on cross-border transactions within
the boundaries of the firm on a regular basis. The high cost associated with these
important coordination efforts is a fact well explored in the international management
literature (Seuring and Goldbach| 2002).

This paper contributes to previous efforts to rationalize intra-firm trade patterns.
[rarrazabal et al.| (2013) propose an HMY model of horizontal multinational produc-
tion with intra-firm trade from parents to affiliates. Their model assumes that the
final good produced by affiliates is assembled in a Cobb Douglas fashion using local
labor and intermediate inputs produced and shipped by the parent. As a consequence,
all firms engage in intra-firm trade and imported intermediate inputs from the par-
ent as a share of total cost are the same for all firms regardless of their productivity
level. Similarly, Ramondo and Rodriguez-Clare| (2013b)) develop a general equilibrium
model of trade and multinational production under perfect competition in which for-
eign affiliates use an international input bundle in production, where some fraction
is obtained in the local market and the rest comes from the parent firm. This paper
differs from these approaches in that it endogenizes the existence of intra-firm trade

as well as the degree to which it occurs.

4The results are robust to whether the sample of firms is divided above and below the fiftieth
percentile or instead it is divided above the seventy-fifth percentile and below the twenty-fifth per-
centile. The results of the impact of gravity on multinational activity are also robust to different
econometric specifications.
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Following Keller and Yeaple (2013), we assume that there are two ways in which
a foreign affiliate can absorb the productivity level of its parent company. Either
the affiliate establishes communication with its headquarters to receive the neces-
sary instructions (direct knowledge transfer) or alternatively, the parent can transfer
knowledge across borders by exporting intermediate inputs embodying technology to
its affiliates (indirect knowledge transfer). In the first case the affiliate incurs the
cost of transferring knowledge across countries; but it saves the transportation cost
associated with importing intermediate inputs from its parent. Therefore, under this
framework, multinational sales of more knowledge-intensive firms will suffer more
strongly from gravity, precisely because these companies face relatively high costs of
direct knowledge transfer, reducing the elasticity of intra-firm trade to changes in
transportation cost. In |Keller and Yeaple (2013) model, although affiliates differ in
their share of imported intermediate inputs from the parent, all affiliates buy some
inputs from their headquarters. However, in the data, only a small fraction of firms,
often relatively large, import from their parent while a vast majority of them report
zero intra-firm flows.?

Our paper improves upon the previous theoretical framework in several dimensions
in order to reproduce several of the recently uncovered stylized facts of intra-firm
trade. First, in the model presented in this paper knowledge intensity is firm-specific
rather than sector-specific. This is based of the fact that the knowledge intensity
is more heterogeneous across firms within an industry than it is across industries.
Second, knowledge intensity affects not only the composition or degree of in-house
production versus imported intermediate inputs, but also the existence of intra-firm
trade itself. Therefore, firms could optimally decide not to engage in intra-firm trade
given that developing an international distribution channel within the firm entails a

fixed cost.® Third, the share of imported intermediate inputs increases with firms

5In their appendix, Keller and Yeaple sketch an extension of the original model in which firms
have the option of paying a fixed cost for investing in information and communication technology
in order to lower the efficiency cost of knowledge transfer by reducing the efficiency loss of remote
production. An implication of this extension is that only the most productive firms produce a larger
fraction of their intermediate input in the host market, given that only these affiliates are able to
afford the fixed cost. However, this prediction is contrary to the patterns observed in the data in
which only the most productive firms engage in intra-firm trade. Instead, our model proposes a
very different type of fixed cost, which allows it to generate the observed selection. In our model,
in order to engage in intra-firm trade the corporation has to build a complex distribution network
that allows frequent trade between related affiliates operating in different countries.

5Tt might seem that the affiliate’s need for instructions from the parent firm would decrease
with time, as the affiliate moves along the learning curve. However, multinational firms develop
innovation at a high rate and new techniques will constantly be passed to the affiliates in the form
of direct technology transfer.
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productivity. Fourth, communication costs are higher, the higher the knowledge
intensity of the intermediate inputs and the larger the distance between the parent
and the foreign affiliate.”

From an empirical perspective, it has been a challenge to unveil the determinants
of multinational production and intra-firm trade. One of the reasons is the limited
data available to distinguish vertical and horizontal FDI. In fact, very often the
existence of intra-firm trade has been interpreted as evidence of vertical MP. This
is because under vertical integration foreign production will always result in intra-
firm flows from affiliates to parents or to other affiliates within the corporation.®
Nevertheless, horizontal MP can also rationalize intra-firm transactions from parents
to affiliates when the latter imports knowledge embedded in intermediate inputs. The
magnitude and direction of intra-firm flows could shed light on the relative importance
of these two alternative theories, given that horizontal MP will be compatible with
intra-firm transactions from the parent to the affiliate, while vertical MP will be
compatible with transactions in both directions, but more strongly from affiliates
to parent firms.? Even though we recognize the richness of intra-firm transactions,
which also include sales from affiliates to parents as well as from affiliates to affiliates,
the model developed in this paper focuses on intra-firm trade from the parent to its
network of foreign affiliates, which is quantitatively important and consistent with a

model of horizontal multinational production.'®

"For example, communications tend to be more cumbersome when firms are located in different
time zones, or in countries with different languages.

8Vertically integrated firms often set operations abroad to produce cheaper intermediate in-
puts within the boundaries of the firm in order to internalize any product contractibility issue and
potential spillovers of proprietary knowledge that could emerge from outsourcing.

9For the United States there are two main sources of information. One of them is the U.S. Census
Bureau, which administrates the information contained in the custom declaration that includes
information on ownership ties between the foreign and domestic parties involved in any transactions.
The other main source is the U.S. Commerce Department’s Bureau of Economic Analysis, which
conducts extensive surveys of multinational firms that include questions on the value of specific trade
flows between foreign and domestic units of the firm. The Census data provides comprehensive detail
on the goods traded between U.S. parents and affiliates overseas and also between foreign parents
and their affiliates operating in the United States. With these data it is possible to identify not only
the type of relationship between the parties involved in the international transaction, but also the
nationality of the parties. Unfortunately, the Census Bureau does not collect further information on
the activity of the foreign party in the transaction. On the other hand, the BEA data offer in-depth
information about affiliates’ operations, including total assets, sales, net income, employment, and
R&D. The BEA data also have information about international transactions between the affiliate
and related or unrelated parties, including the parent company, either in the host market or in third
markets. Unfortunately, foreign affiliates report related parties’ sales to third markets only in total,
not by country. For this reason, even when it is possible to track intra-firm transactions between
parents and affiliates, it is not possible to track the trade among foreign affiliates within the same
company.

10Zeile| (2003), using detailed data from the Census Bureau, finds that U.S. intra-firm exports
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The reminder of the paper is organized as follows. Section 2 discusses the main
source of data in our analysis and it also describes the main characteristics of multi-
national sales at the firm level. Section 3 presents the stylized facts that support the
main assumption in our model. Section 4 lays out the theoretical framework and de-
rives the analytical implications for intra-firm flows and multinational sales. Section
5 discusses the parametrization, the functional forms, and the estimation strategy of
some of the model’s key parameters. Section 6 presents the general equilibrium and
the gravity equations of affiliate sales for firms that do engage in intra-firm trade and

those that do not. Section 7 concludes.

2.2 Data

The primary source of data is ORBIS, which contains information at the level of the
firm for a wide range of countries. In particular, it contains detailed information about
the ownership structure of the firm, including the company’s degree of independence,
and its ultimate owner.!! Unlike the Census Bureau, ORBIS does not keep records of
the transactions between parents and their affiliate firms. Instead it offers information
about foreign affiliates’ operations, such as sales, employment, assets, and capital,
among others.!?

For the purpose of this analysis we have constructed two samples. The first sample
comprises U.S. affiliate firms operating outside the United States, but whose ultimate
owners—or parents—are located in the United States. The second sample groups
affiliates operating in the United States, but whose parents are located overseas. In
both samples, we only consider foreign affiliates that are majority owned (or wholly
owned) and which operating revenue is known for at least one of the years in the
period (2004-2012).13

mainly consist of shipments from U.S. parent companies to their foreign affiliates, and U.S. intra-firm
imports mainly consist of shipments from foreign parent groups to U.S. affiliates.

HWAlfaro and Chen| (2012)) assess the extent and coverage of this dataset using more aggregate
information from alternative sources. Because the focus here is on affiliates owned by U.S. parent
firms, as well as U.S. affiliates owned by foreign parents, we have used the aggregate values in the
BEA data to evaluate the accuracy of the information provided by Orbis.

12The best characterization of the intra-firm trade can be obtained from the Census Bureau,
but it lacks information about the activity of affiliates, including the type and destination of their
exports, which is contained in the BEA data.

13Therefore we only consider firms with a Global Ultimate Owner (GUQO), a firm that exercises
the highest control over the affiliate and that owns at least fifty percent of the shares. We also
consider a company to be an ultimate owner if it has no identified shareholders or if its shareholders’
percentages are not known. The definition of global ultimate owner adopted in this paper, with a
minimum of 50 percent ownership, is also the one followed by international agencies and by the U.S.
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Our sample only contains firms in the manufacturing sectors and it covers more
than 9,000 U.S.-owned affiliates operating in thirty-four developed countries (see Ta-
ble . In order to construct a useful sample, the data were subjected to an extensive
cleaning-up process in which we eliminate firms whose operating revenue is below one
million dollars and with less than fifteen employees. Furthermore, to alleviate the
problem of potential outliers, we eliminate firms below the first percentile and above
the 99th percentile in the distribution of sales. The final sample comprises 8,572 for-
eign affiliates and 2,210 parents, covering 261 manufacturing industries for the period
(2004-2012).

2.3 Stylized Facts

In this section we introduce some key regularities about affiliate sales and the location
patterns of U.S. multinational firms. First, we show that the knowledge intensity of
U.S. parents is very heterogeneous across firms, even within very narrowly defined
sectors. Second, we show that the vast majority of U.S. parents operate in only one
foreign market regardless of the manufacturing industry; and for any given market-
sector pair, the market share of U.S. foreign production is concentrated in a very small
set of affiliates. Third, we present empirical evidence that intra-firm trade alone is not
enough to explain the observed strong dampening effect of distance on multinational
production. Overall, this section describes the motivation for this study and provides

support for the building blocks of the model proposed in section 4.

Fact 1: Research and development intensity is highly heterogeneous across multi-
national firms within a narrowly defined industry. The average research intensity
varies significantly across parent firms, even in very narrowly defined industries. Fig-
ure shows the distribution of R&D shares for the pool of U.S. parents in the
sample, regardless of industry classification. As can be observed, the expenditure on
research and development is remarkably higher among the most productive U.S. par-
ent firms. In fact, more than 80 percent of the R&D expenditures in a given industry
is in the hands of a few very large firms. Figure [2.3|shows the distribution of parents’
R&D share for four selected 3-digit NACE sectors: (1) manufactured of parts and
accessories for motor vehicles—NACE 293 (top-left panel), (2) manufacture of other
special-purpose machinery—NACE 289 (top-right panel), (3) manufacture of basic
pharmaceutical products—NACE 211 (bottom-left panel), and (4) manufacture of

Bureau of Economic Analysis.
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air and spacecraft and related machinery—NACE 303 (bottom-right panel). Firm
productivity is measured by the value of output per worker of the U.S. parent, and
the share of R&D is calculated as the fraction of the research and development ex-
penditures of the firm relative to the total R&D expenditures of all U.S. parent firms
operating in the same 3-digit sectoral classification. It is clear that the concentration
of R&D expenditures in a few large parents is not being driven by sector-specific
characteristics.

However, ORBIS provides information on R&D expenditures for only one-third
of U.S. ultimate owners with at least one foreign affiliate. In order to assess how this
could bias our previous results, Figure [2.4] shows the distribution of productivity for
two groups of parent firms: those for which the ORBIS dataset contain information
regarding expenditures on research and development activities; and those for which
this variable is missing. Figure highlights that those firms for which ORBIS does
not record information about R&D expenditures are on average less productive than
firms for which it does. Therefore, it appears from this evidence that even when
multinationals are responsible for the majority of the private R&D activities, the
largest share of the R&D expenditures in any given industry is mainly carried on by

a few very productive U.S. parent firms.

Fact 2: The distribution of foreign affiliate sales is fat-tailed, for each country-
sector pair.

A well documented fact is that firm sales follow a Zipf Law distribution (Gabaix],
2009 and |di Giovanni and Levchenko, 2012)). In addition, |Ramondo et al.| (2014)
show that intra-firm trade is concentrated among a small number of large affiliates.
In particular, firms below the mean of the size distribution do not trade with their
parent firms at all. In this section, we show that the distribution of sales of U.S.
foreign affiliates—as well as the sales of foreign affiliates in the United States—is fat-
tailed. This is the case not only overall, within an industry, or within a country, but
also for a given country-sector pair.

Figure evaluates the participation of U.S. parents in foreign markets. Each
parent produces on average in two foreign economies, but fifty percent of the parents
only produce in one market besides United States. Strikingly, the mean coincide with
the number of markets penetrated by a firm in the 75 percentile of the distribution.
Ten percent of the parent firms produce in more than four markets and only five

percent of all firms set operations in seven or more foreign countries.
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Fact 3: Intra-firm trade alone cannot explain the observed gravity of multinational
sales.

Intra-firm trade from the parent to the cross-border network of foreign affiliates
has been the approach used in the literature to rationalize the gravity of multinational
production, meaning that aggregate foreign affiliate sales fall with geographical barri-
ers. Nevertheless, only the most productive foreign affiliates buy intermediate inputs
from their parent firms in the United States, a fact that is robust across countries and
also across industries (Ramondo et all [2014). From the perspective of the existing
models, this implies that only sales of foreign affiliates located at the upper-tail of the
size distribution should suffer from gravity. Conversely, in this subsection we present
some evidence showing that the gravity of foreign sales could not solely be explained
by intra-firm trade. In fact, we show that even firms that likely do not engage in
intra-firm trade exhibit a significant resistance to geographical barriers.'4

Ideally, we would like to test the existence of gravity for two groups of firms: those
that participate in intra-firm trade transactions and those that do not. Unfortunately,
for this paper we do not have access to intra-firm trade data at the firm level.!®
Instead, we divide U.S. affiliates by size into two groups for any given host country-
sector pair. First, we split the whole sample of firms into two subsamples at the
50th percentile of the size distribution. This criterion is based on |Ramondo et al.
(2014) who found that none of the affiliates below the median import intermediate
inputs from their parent firms.'6'” Second, we divide the sample of firms by those
that belong to the lower-tail (below 25th percentile) and the upper-tail (above 75th
percentile) of the firm size distribution, in each country-sector pair. Taking only the
extremes of the firm size distribution reduces the likelihood that relatively small firms

will engage in intra-firm trade, and increases the likelihood that the very large firms

4Most models of horizontal multinational production fail to account for the observed selection
of intra-firm trade, assuming instead that all firms will require some fraction of the intermediate
inputs from the parents. In section|2.4] we propose a model to account for the intensive and extensive
margins of intra-firm trade.

15To overcome this limitation we are working in a project to merge ORBIS firm-level data with
the Census Bureau data, to get a perspective of the transactions between U.S. multinationals and
their foreign affiliates as well as of the economic activity of U.S. affiliates overseas.

0ur criterion differs from Ramondo et al.| (2014) in that their finding is established for the
median firm in a given industry and in a given region. Instead, we split the sample based on the
median firm in each country-sector pair.

17 As discussed in the introduction to this paper, the fact that firms do not import intermediate
inputs from the parent firm does not mean they are not engaged in intra-firm trade with other
affiliates within the same corporation. |Ramondo et al|(2014)) find that regardless of firm size, the
majority of affiliates sell their output to unrelated parties in the host country. Unfortunately, intra-
firm imports from affiliates other than the U.S. parents are not captured by any of the available
data sources.
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will.

Below we present the results of the gravity equation that comes from different
specifications and samples. Table presents the results of the regression for the
intensive and extensive margin of multinational activity (columns 1 and 2) as well as
for the extensive margin only (columns 3 and 4). It includes all U.S. multinational
firms in our sample, and the data have been aggregated up to the country-sector
level. As a proxy for geographical barriers, we have included the log of physical
distance (In (dist;us)), a set of dummy variables indicating whether countries share
a common border (Border;,s), have a common language (Language; .s), belong to a
regional trade agreement (RT'A; ,5), and whether they have had a colony relationship
(Colony; us). In columns 1 and 3 we also control for some key characteristics of
the host country that could determine the scale of foreign operations and so directly
affect the volume of local sales and intra-firm trade. These controls include the capital
endowment relative to the United States, a measure of the size of the market (GDP
per capita), and a proxy for institutional quality measured by the Rule of Law variable
from the Worldwide Governance Indicators database of the World Bank. In order to
account for other country characteristics that are potential determinants of FDI and
that are not included in our regression, such as relative technology differences and skill
endowments, in columns 2 and 4 we include instead country fixed effects to control
for any country-specific characteristic that could affect the gravity of multinational
production. Notice that in both specifications sector fixed effects are included to
control for the observed sectoral heterogeneity of multinational production, which
can affect the impact of gravity variables on MP sales as well as on the number of
firms that produce overseas.

Consistent with previous studies, both the total affiliate sales and the number
of U.S. parents decrease with trade barriers, and in particular, they decline with
distance from the United States in both specifications. Having a common language
positively affects both margins of MP; nevertheless, it loses statistical significance
once we control for country fixed effect. The existence of a trade agreement between
the United States and the host economy significantly increases the affiliates’ sales but
negatively affects the number of firms that engage in foreign production. A potential
explanation is that trade agreements increase the sales of U.S. firms in the foreign
market by facilitating intra-firm transactions with the parent firm, but reduce the
number of firms that find it profitable to engage in multinational production given
that exporting becomes more attractive. Of the host country-specific variables, the

size of the host market (GDP) and the level of capital show the expected size and are
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significant. On the other hand, foreign affiliate sales fall in host country institutional
quality.'®

To further explore whether the negative effect of geographical barriers on MP is not
driven only by those firms that engage in intra-firm trade, Table and Table
present the results of gravity on number of firms and MP sales, respectively, but
this time dividing the sample into firms below and above the median of the firm size
distribution in each country-sector pair. Columns 1 and 2 show that, for both groups,
the number of firms and the MP sales decrease with distance, showing a negative and
statistically significant coefficient for firms below and above the median. Notice that
the coefficients on the distance variable in Table are very similar when country
fixed effects are included.

Given that we are relying on the size of the firm as a proxy of its participation in
intra-firm trade, we reproduce the above exercise but this time we only consider firms
under the 25th percentile, which most likely do not engage in intra-firm trade, as well
as firms above the 75th percentile of the distribution, which most likely do conduct
intra-firm transactions.'® Tables and reproduce the gravity regression for the
group of firms in the tails of the firm size distribution. Consistent with previous
results for both groups of firms, foreign sales and number of firms are significantly
lower in countries far from the United States.

So far, the evidence shows that regardless of firm size, multinational sales are
significantly affected by gravity forces. Therefore, the data reject a model in which
the only source of MP gravity comes from intra-firm trade. The model presented
in the next section addresses two important issues. First, the observed selection in
intra-firm trade: only very a few large firms conduct intra-firm transactions across
borders within the firm. Second, the model proposes another source of gravity to
capture the fact that multinational firms that do not trade with their affiliates are

nonetheless significantly affected by gravity.

18 At first glance, this seems a very surprising result, but it is possible that it is driven by the
fact that United States has less room to exploit its institutional comparative advantage in countries
with a high level of law enforcement. In light of the theory of the boundaries of the firm, this
finding could go with both of the leading theories in this vein: transaction costs theory and property
rights theory. According to transaction costs theory, better institutional setting reduces the need
for vertical integration, reducing the number of majority-owned affiliates. Incorporating this finding
with the property rights theory is more subtle: if contractibility is a more important element of the
investments carried out by the headquarters, then the result is consistent with the property rights
theory; as institutions advance, the need to provide more incentives to headquarters declines, leading
to less vertical integration.

19The fact that the firm size follows a Zipf law distribution, and also that the distribution of
foreign sales is fat-tailed, suggests that some firms above the median are not large enough to trade
within the firm.
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2.4 The Model

Our model is based on Helpman et al. (2004). Firms are heterogeneous in terms of
their productivity and goods are horizontally differentiated with each variety pro-
duced by a firm that acts as a monopolist competitor. A firm can enter the foreign
market either by exporting or by opening a foreign affiliate in the destination mar-
ket (FDI). In choosing between the two modes of entry, a firm faces a proximity-
concentration trade-off: establishing a foreign affiliate allows the firm to save the
transportation cost of exporting, but the saving is offset by the fixed cost of oper-
ating overseas. The model predicts a definitive hierarchy of firms: least productive
firms do not produce, low productive firms sell only to the domestic market, medium
productive firms export, and most productive firms turn into multinational corpora-
tions. Furthermore, similar to Irarrazabal et al.| (2013) and Keller and Yeaple| (2013)),
we introduce parent-to-affiliate intra-firm trade to generate FDI-gravity akin to the
standard trade-gravity.

The model contributes to the literature in several ways. First, in order to be con-
sistent with the fact that intra-firm trade is concentrated among the most productive
multinational corporations with the majority of affiliates reporting zero intra-firm
trade, we introduce a fixed cost of intra-firm trade. Second, in contrast to [rarrazabal
et al.| (2013), the share of imported intermediate inputs in total intermediate input
cost is not constant and varies with firm size. Unlike |[Keller and Yeaple (2013)) and
consistent with the empirical fact that the share of intermediate inputs in total input
costs also increases with firm size, we tie firm productivity to firm knowledge intensity
(R&D). Finally, we show that FDI-gravity forces are present in the model even for

affiliates that do not import from their parents.

2.4.1 Consumer Demand

The world economy consists of N countries (indexed by ¢,n). Each country is popu-
lated by L, utility-maximizing consumers, with each consumer inelastically supply-
ing one unit of labor (the only factor of production). A representative consumer in
country n derives her utility from the consumption of a homogenous good )y and
a continuum of differentiated goods that belong to the differentiated sector @,. A
consumer’s preferences between the homogenous good and the differentiated goods

sector are represented by a Cobb-Douglas utility function with an income fraction u
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spent on the differentiated goods
U, =Qy Q" wne(0,1) (2.1)

Preferences over the differentiated goods are CES with elasticity of substitution o > 1.
The consumption of each variety w in the set of all available varieties in country n,

Q,, (endogenously determined), ¢%(w), enters the CES aggregation symmetrically:

Qn = /qd(w)”;ldw . (2.2)

€eQn

As is well known, the demand for each variety in country n is given by: ¢%(w) =
Appn(w)~7. Here, p,(w) denotes the price of variety w in country n, and A, is an

index of market size in country n.2

2.4.2 Production and Market Structure

The market for the homogeneous good is perfectly competitive, and it is freely traded
in the world economy. The production technology of the homogeneous product is
linear in labor: one unit of labor are required to produce one unit in country n.2!
The price of the homogeneous good is normalized to one; in effect, the wage in country
n is pinned down by the numeraire and is equal to w,,.??

Each country n is endowed with an exogenously determined potential number of
firms (producers) J,. Each firm produces a unique variety using a variety-specific
composite intermediate input. Productivity ¢ € R, is firm-specific, and it is drawn
from a known cumulative distribution G(¢) with probability density distribution g(¢).
Since ¢ is firm-specific, and each firm produces a unique variety, we index goods with
¢ instead of w. A firm with productivity draw ¢ requires %0 units of the firm-specific
composite intermediate input M, to produce one unit of variety w(¢). The composite

intermediate input is produced by the firm from a CES aggregation of a continuum

V4, =p P)fﬁa . The aggregate price level of the differentiated goods sector in country n is denoted
by P,, and X:L represents the total expenditures in country n.

21As long as 1 — p, L, and the variable trade costs are large enough, the production of the
homogeneous good Qg in country n € {1,2,... N} is strictly positive.

22The incomplete specialization assumption has been used by many researches for tractability
and simplification purposes (for example, see (Chaneyl, [2008)). Proceeding without the outside sector
will not alter the results presented in the paper.
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of intermediate inputs with elasticity of substitution n > 1:%3

M, = | [ Beleyim(e) Tz (2.3

Four notes warrant attention here: (i) m(z) is the quantity of an intermediate input
of knowledge intensity z, with higher z indicating higher knowledge intensity; (ii)
B(z]p) is the cost share of intermediate input z in the total cost of the intermediate
input bundle specific to the ¢-firm, and [;* 3(z[p)dz = 1 for any ¢; (iii) B(z|e)
is log-supermodular in z and . That is, while all firms employ the same CES
aggregation and use the same continuum of intermediate inputs, the share of each
intermediate input z in the total cost of intermediate composite is firm-specific. To
be precise, B(z|p) is log-supermodular in z and ¢ if for z° > 2" and @' > ¢?,
B |1eNB(2"¢?) > B(Z'[p*)B(2"|¢"). In other words, firm ' is more knowledge-
intensive because it requires relatively more knowledge-intensive intermediate inputs
relative to the low-productivity firm ¢?;?* and (iv) production technology of producing
intermediate inputs is common across all firms: one unit of labor is needed to produce

one unit of intermediate input z.

2.4.3 Mode of Entry

To gain access to the domestic market in country n, a domestic firm in country n
incurs a fixed cost of production of f,, units of labor. Exports from country 7 to
country n are subject to fixed cost f,; (measured in units of labor in country ),?®
and iceberg-type variable trade costs, 7,,; > 1. Firms from country ¢ can also serve
country n via FDI by paying a fixed cost, fT{Zd ' (measured in units of labor in country
n). In so doing, a firm avoids the transportation costs associated with shipping the
final good, but incurs an additional fixed cost of operating an affiliate in country n.
Conditional on establishing a foreign affiliate in country n, a parent firm in country
i could let its affiliate produce the composite intermediate inputs M (standard HMY

setting), or the parent could choose to ship intermediate inputs to its affiliate, where

23Tt can be shown that the limit of the CES aggregator as n approaches one is Cobb-Douglas.

24The intermediate composite aggregation and the notion of log-supermodularity are taken from
Keller and Yeaple| (2013). In contrast to Keller and Yeaple| (2013), knowledge intensity is defined at
the firm level, not the industry level, a property that enables us to generate firm-level predictions
regarding intra-firm trade. For a formal treatment of the log-supermodular assumption and its usage
in the international trade context, see |Costinot| (2009).

25In f,; the first subscript refers to the destination market and the second one to the origin
country.
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the fraction of inputs offshored and the volume of intra-firm trade are endogenous.?%

A parent incurs a fixed cost, fi* (measured in units of labor in country ), to initiate
intra-firm trade and it also incurs the standard iceberg-type trade costs 7,;, for the

shipped intermediate inputs.

2.4.3.1 Intra-firm Trade and Knowledge Transfer

There are two ways in which parents can transfer knowledge to their foreign affili-
ates. (1) Embodied knowledge transfer: simply, a parent produces intermediate input
z and ships it to the affiliate in country n. (ii) Disembodied knowledge transfer:
parent firms directly transfer knowledge to their affiliates through remotely commu-
nication. Nonetheless, transferring the knowledge required to produce intermediate
input z entail communication cost, and the possibility for mis-implementation and
mis-interpretation. Differently put, knowledge is not perfectly codified and therefore
any knowledge transfer between a parent and its affiliate is subject to error. Intu-
itively, the higher the knowledge intensity of the intermediate input z, the higher the
costs of transferring knowledge from a parent to the affiliate. As mentioned above
the knowledge transfer costs are denoted by t(z). To capture the idea that the cost of
moving knowledge over space increases with knowledge intensity z, we assume that
t(0) =0, lim, o t(2) > 7 and /(2) > 0.27

Finally, the production technology of the final good is invariant to the location of
the producer: regardless of who produces the final good (parent or affiliate), %0 units
of M, are needed to produce one unit of the final good. The decision to export, to
open an affiliate, or to outsource intermediate inputs affects production of the final

good only insofar as it affects production of the composite intermediate input M,,.

2.4.4 Partial Equilibrium

First, we characterize the geography of input sourcing. The decision whether to

outsource the production of intermediate input z is simply pinned down by com-

26If a parent in country i does not trade with its affiliate in country n, it has to transfer knowledge
by establishing direct communications with the affiliate’s manager. Here we assume an affiliate suffers
some productivity losses when it receives instructions remotely from its parent in order to produce
intermediate inputs by itself. Therefore, an affiliate needs ¢,;(z) > 1 units of labor to produce one
unit of intermediate input z. A crucial assumption in our model is that t,;(¢) is a function of
trade frictions 7,;. Nevertheless, the impact of distance, language, time zone differences, and border
on trade frictions, 7,;, is stronger on physical shipping compared with their effect on the cost of
knowledge transfer. Formally, 0 < % < 1.

2"Notice that the cost of knowledge transfer is not firm-specific; however, the aggregate cost of
disembodied knowledge transfer for a given fraction of the intermediate inputs varies across firms.

103



paring the cost of embodied knowledge transfer w;7,; and disembodied knowledge
transfer w,t(z). The cost of obtaining input z from a foreign affiliate is c¢(z) =
min{w,t(z), w;T,;}. Given our assumption on the function t(z), there exists an in-
termediate input with knowledge intensity Z such that : for any z < Z, t(2) < @7y,

= Wi

and for z > Z, t(z) > wT,;, where w = =

. Then, we define Z(7,;, @) =t~ (70, @).

Conditional on serving market n by FDI, we characterize the cost of the composite

intermediate input for an affiliate with productivity draw ¢,

C%(Tm, I(@)v 2 w) =

Wyt it Z(e) =0,

1

(5= Blal) (t(=)wa)' 7z + (i) 7 [y Belo)dz)™ i Z(g) =1.

where t = [ 8(z]@)t(z)! " 1dz.%

The indicator function Z(y) equals one if an affiliate outsources some of the inter-
mediate inputs from its parent and zero otherwise. As we show below, the indicator
function depends on a firm’s productivity draw . Indeed, CM (7., Z(p) = 1,¢) <
Coi (Tais Z(0) = 0,0).%

The elasticity of C(7,,;, Z(¢) = 1, ¢, @) with respect to trade costs 7,;, €M (1,4, 0, @)

is given by:

wiT,) N [ B(z|p)dz
5MC(Tm,QO,’W) _ ( ) fz(Tm,w) ( | ) (24)

fOE(Tm‘vw) /3(2|<,0) (t(z)wn)l—ﬁdz + (7'm~wi)1_77 f;(im.E) ﬂ(2|90)d2

In order to show that among all firms that decide to enter country n by establishing
a foreign affiliate, only a subset of those firms (the most productive) choose to ship

intermediate inputs to their affiliates, we introduce the following lemmas.

Lemma II.1. The elasticity of marginal cost of intermediate inputs with respect to

trade costs T,; increases with firm productivity ¢. For @' > ©?, eMC (1, @, ') >

eMC (1, @, %) > 0.

Lemma I1.2. Let 0(7,;, p,w) be the share of imported inputs, M (1,;,p, @), in total
intermediate input costs TC (i, 0, @): O(Tni, @, @) = Almmie®@) _ MC(

TC (i, Tuiy 9, @).

28Tt is assumed that w,t < w;T,; for some ; otherwise no firm chooses FDI without intra-firm
over exporting.
29The results emanate from firm optimization and the definition of Z(r, ).
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Then, (i) 6 increases with v, (ii) 0 declines with trade costs for all firms, and (iii)

the rate of decline in 0 is slower in the more knowledge intensive firms.

Despite the fact that all firms that engage in intra-firm trade choose to import the
same range of intermediate inputs (notice that ¢(z) and 7,,; are not firm-specific), the
share of imported intermediate inputs in total intermediate input costs varies across
firms in a way consistent with the log-supermodularity assumption. Accordingly, all
the variations in the share of imported intermediate inputs to total costs are on the
intensive margin, not the extensive margin.?° is of great importance in
the current setting: more knowledge-intensive firms are more vulnerable to trade costs
because they are more dependent on imported intermediate inputs from their parents
(Lemma 11.2]). Reframing, the firm-level gains from trade liberalization (savings in
marginal cost) are positively related to firms knowledge intensity (i.e. productivity).

To sum up, the two lemmas above highlight the role of firm knowledge-intensity,
trade frictions, and the interaction between the two in shaping intra-firm trade at the
firm level. More knowledge-intensive firms require more knowledge-intensive interme-
diate inputs; therefore, a more knowledge-intensive affiliate imports a higher share of
its intermediate inputs from its parent. This is precisely because the more knowledge
intensive the intermediate inputs are, the higher is the cost of transferring knowledge
through direct communication between parents and affiliates.

Consequently, an increase in trade costs raises the marginal cost for more knowledge-
intensive affiliates disproportionately more than for less knowledge-intensive firms.
Similar to Keller and Yeaple| (2013), changes in trade costs impact a firm’s decision
regarding embodied and disembodied knowledge transfer, yet the degree of substi-
tution between them is significantly less for more knowledge-intensive firms. For
more knowledge-intensive affiliates an increase in trade costs leads to less decrease in
the share of imported inputs in total intermediate input costs. The reason for this
is that the more knowledge-intensive affiliate’s ability to substitute embodied with
disembodied knowledge transfer is constrained by the large demand for the highly

knowledge-intensive inputs.

Embodied vs. Disembodied Knowledge Transfer: Given the isoelastic de-

mand faced by all firms, profits for an affiliate in country n which parent is in country

30Tf we let t(z) be dependent on firm productivity, both the extensive and the intensive margin of
imported inputs will vary across firms, and all the results presented in the paper will be reinforced.

105



7 can be written as:
mull = " B CM (14, L), 0, @) 7 — wi( f1 + Z(p) fi11), (2.5)

where B,, = Clr (%1)170 A3
An affiliate chooses to outsource intermediate inputs from its parent if and only
if the increase in its profits due to the decrease in the marginal cost of intermediate
inputs is large enough to cover the fixed cost of intra-firm trade;
077 By [AC (Ti Z(9), ¢ )] = wifyi, (2.6)
where ACH (T, Z(9), 0, @) = Cof (T Z(9) = 1,9)'77 = Cf (Tai, Z() = 0,0)'77
denotes the gains in variable profits as a result of the decline in the marginal cost of
intermediate input once an affiliate starts trading with its parent. In the Appendix,
we show that the left-hand side of equation ([2.6|) is continuous and strictly increasing
with ¢. As a result, there exists a product1v1ty cutoff ¢ such that all affiliates with
productivity above the cutoff choose to import a fraction of their intermediate inputs
from their parents, whereas, conditional on FDI, firms with productivity below the

cutoff point do not import from parents.

Proposition 1. There exists a productivity cutoff ¢ such that

1 if > pint
I(p) =

0 otherwise

That is, only the most productive foreign affiliates in country n engage in intra-firm
trade with their parents.

int

The productivity cutoff ¢ is simply pinned down by equation ([2.6)):

(ni )7 By [ACH (Tai Z(9), i’y @)] = wifns- (2.7)

As usual, the FDI cutoft gof @< @it is found by equating export profits m,;(¢) with

M
31Notice that the marginal cost of producing the final good is given by w, which we require

to be strictly decreasing with ¢. This can be done by imposing a specific functional form on C (¢, )
such that the marginal cost of the final good is decreasing with ¢ or, equivalently, we assume that a
firm’s draw ¢ is transformed to actual firm productivity via a strictly increasing function f(y) such
that the marginal cost of the final good decreases with (.
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FDI profits without intra-firm trade 7rf di

(‘P{jl)ailB CM<7'nu I(p) = 0, 905127 )17 (szm)l 7| = wZ(ffdl — fni)- (2.8)

The exporting cutoff to country n is given by:
(p'm B (wiTm)lia - wzfm, =0 (29)

To complete the characterization of varieties produced and consumed in country n,
the zero profit cutoff (ZPC) is as usual,

@nnanwl 7 wnfnn =0 (210)

Parameter Restrictions and Firm Hierarchy: Consistent with the literature, we

impose the following restrictions on the model’s parameters to sustain a firm hierarchy
as in HMY.

e Exporters are more productive than nonexporters: ¢;; < @,;; if, under symmet-

. . l1—0o
Tric COUIltI“leS, fnz > Tin fzz

e Exporters are less productive than multinational firms: @,; < /% if f/%

(T0i@)° 1Y frs, and T < @7y

e Multinational firms with nonzero intra-firm trade are more productive than

. . . . fdi fdi
multinationals with zero intra-firm: @™ > % if fint > I8 f

The geography of foreign affiliate sales: Country i foreign affiliate sales in

country n, v/ (), are given by

a o— l1—0o

il (@) = 0@ ' By [Ch (1i Z(9), 9, )] (2.11)
Proposition 2. (Gravity): Country i foreign affiliate sales in country n, raf f (),

decrease with trade costs 7,,;. Let €].(¢, 7,;) < 0 be the elasticity of affiliate sales with
respect to trade costs, then the absolute value of €], (¢, 7,,;) increases with . In other
words, the sales of more knowledge-intensive firms (affiliates) are more sensitive to
trade costs. That is, FDI-Gravity is more pronounced for more knowledge-intensive

firms.
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2.5 Parameterization, Functional Forms, and Es-

timation

In this section we provide functional forms for the log-supermodular function 5(z|y),
the cost of disembodied knowledge transfer, and the distribution of productivity
draws. Before proceeding further, we set n = 1, and therefore M, is a Cobb-
Douglas composite intermediate input: M, = C.exp {[,° B(z|¢)Inm(z)dz}.32 As-
suming w; = 1 for i € {1,2,..., N}, domestic producers’ composite intermediate

input cost is given by CM = 1, while

7 if T=0,

C%(Tnh(p?z) -
exp{fo zlp)nt(z)dz + [2° B(z]p) lndez} if Z=1

Following [Keller and Yeaple (2013), we set the knowledge transfer function #(z) =
exp{z}. Let ¢(p) denote ¢-firm’s knowledge intensity where ¢(yp) weakly increases
with . In order to simplify the analysis, we assume that ¢(p) takes two values low
and high: ¢(p) € {¢!,#"}. We adopted a very simple reduced form to connect the
well documented relationship between firm size and knowledge intensity; specifically,
for any ¢(¢) > ¢, ¢ = ¢" and ¢ = ¢' otherwise. This greatly simplifies the anal-
ysis without altering our results regarding the correlation between intra-firm trade
and firm knowledge intensity. We are still able to use this simple functional form to
compare intra-firm trade across firms with different knowledge intensities. Accord-
ingly, we change the notation slightly: we use §(z|¢) instead of B(z|p). The cost

share function §(z|¢) is log-supermodular in z and ¢; therefore, we let 5(z|¢) be an

133
¢

We additionally assume that the costs of disembodied technology transfer also

exponential with parameter

vary with destination-origin pair characteristics. Broadly, the factors that are widely
used in estimating trade costs between countries are also expected to affect the costs of
disembodied technology transfer but with a lower order of magnitude. Hence t,;(z) =
gnit(2), where g,; = 7%, and o € (0,1).3* Also t,; = gm-exp{fooO z|¢)Int(z dz}
With the functional forms at hand, the marginal cost of obtaining the composite
intermediate input for an affiliate with knowledge intensity ¢ € {¢', ¢"} is:

32C fO (

336 = exp{%}. It is straightforward to check that logB(z|¢) is supermodular and
fo \d) dz =1.

341 < gni < Tni. Akin to 7Tpn;, gni denotes the costs of disembodied knowledge transfer as a
function of distance, common border and language, time zone differences, colonial origins, etc.

|p)dz is constant.
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t = 1%exp{o} if Z=0,
Col (i T, 0) = ozt (2.12)
exp {gb <1 — T ) + ozlm'm} it Z7=1

provided that 7,,; > gpiexp{¢'}.%

2.5.1 Foreign Affiliate Sales: Firm-Level Gravity

Foreign affiliate sales are given by equation (2.11]). Given the functional forms pro-

vided in this section, we have:

i = 0¢" By (rerp(9)) 7, (2.13)
and
. a—1 l-0o
't = g0 'B, (exp {(/5(1 — T, )+ ozlm'm}) . (2.14)

Accordingly, the elasticity of foreign affiliate sales with respect to trade costs is given
by:

(1-0)a <0, if =0,

a—1

8:”- ¢7TniaI =
( ) (1—(7)((1—oz)7m‘z> +a><0, if ZT=1

(2.15)

It is straightforward to verify that the sales of affiliates who import from their parents
respond relatively more than affiliates who do not. Furthermore, for affiliates who
import from their parents, their sales are more responsive to change in trade costs

the higher the knowledge intensity: %ﬁ’w) <0.

2.6 General Equilibrium

To solve the model we assume that firm’s productivity is distributed Pareto with

shape parameter f:3

35This assumption is needed in order for the FDI cutoff to be well defined. ¢' is small enough
such that exp(¢') ~ 1.
36The assumption that x > o — 1 ensures that the distribution of firm size has a finite mean. In

K
general, G(¢) =1 — (‘”’%’") , k> 2, and @i = 1. In this section we assume that all firms in
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Glp)=1—¢™" for p>1, and k>0 —1.

The relevant cutoffs for country-pair (n,i) are given by:

Zero profit cutoff ZPC : 7 1 = %
Export cuttoff : ¢7; ! = % o1
. fdi f
FDI cutoff : (/)1 = Jni_— Jui

e (Spnl ) Bnclnz

int

Int -fi t fF - int 0‘—1: ni
ntra-firm cutoff : (¢)7") —BnCZni

where:
Cini = Ts‘i(l_g)exp {p(1 —0)} — Tnli_” >0

Cons = exp{ol1 7,07 ) + a7 — 750 exp {o(1 — 0)) > 0
As shown in Figure [2.I] the proximity-concentration trade-off of the standard
HMY model is strongly present in our framework.?” However, we have an additional
line representing the profits for affiliates who import from their parents, m;,;, and
also the line denoted by 74, is not parallel anymore to the domestic profit line. Also
notice that in most models of FDI and intra-firm trade, the line representing the
profits for affiliates who do not import from parents 74 is missing since by default

all affiliates import from their parents.

a given sector share the same knowledge intensity given by the mean of knowledge intensity of all
firms operating in that particular sector. In this case, our model becomes very similar to |[Keller and
Yeaple| (2013)) with the exception of affiliates’ endogenous selection into intra-firm trade.

3/Tn the figure, proximity is represented by the slope of each profit line, while concentration is
represented by the y-axis intersection.
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Figure 2.1: Profit from domestic sales, exports, FDI and intra-firm trade
Notes: This figure shows the different productivity cutoffs for different firms, where (¢ D)l_a
represents the cutoff for domestic producers, (¢ X)l_a represents the cutoff for exporters, (¢ fdi)l_a
represents the cutoff for firms engaging in multinational production, and (gpimm)l_a represents the
cutoff for foreign affiliates that also engage in intra-firm trade.
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Aggregate Price Index: The aggregate price index in country n is given by:

oo N o0
Pl _ g, / Pun(2) G () + 3 / (@) 7dG(R),  (2.16)
Pnn i7n Pni
o Tni : di
o1 I o <p< 907{1'
o Toen o fdi in
pnl((p) = o—1 @p((b) if %J; <p< met
a—1
o €ex 1—7'm-¢ +alnTy,; . in
S el ) L it <

Evaluating the integration and using the Pareto distribution assumption:

_ K o \ "/ X\ U _
P = =n 2.1
" k—(oc—1) (a—1> < o ) (2.17)

where
N o—1—k fdi oel—r B int\ Z=1=K K 38
= — . —K o—1 . T . — o—1 m — o—1
Zn = E i\ Toi Ji +Iz7én{( ni fni) T Oyt + (fri) =1 Cyps } .
i=1

Since the mass of firms is exogenously given, the aggregate profits of country n
firms, including affiliates’ profits, are strictly positive. Accordingly, total income in
country n is the sum of labor income and aggregate profits of all country n firms:
X, = w,L, +II,. As in |Chaney| (2008), we assume that each consumer in country
n holds w, shares in a completely diversified mutual global fund with s dividends
per share in terms of the numeraire. Additionally, as in Eaton and Kortum (2002b))
and (Chaney| (2008), J; is proportional to the size of the labor force in country n;
Jy = wyLy,. Therefore, X,, = w,L,(1+ s), and J, = 1X—+"8 In the Appendix, we show

o—1
o(k—1)+1"

The aggregate equilibrium price level in country n is the solution of equation ([2.17])

that s is a function of the model’s exogenous parameters: s =

in terms of the model’s exogenous parameters. Once P, is obtained, we can retrieve

all the relevant cutoffs, trade flows, foreign affiliates sales, and economic welfare.

2.6.1 Aggregate Sales: Gravity Equations

The model delivers three gravity equations: (i) aggregate export sales from country i

to country n: X,;, (ii) country i foreign affiliates sales in country n, with no intra-firm

38The indicator function Z; ., = 1 if i # n and zero otherwise.
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trade between parents and affiliates, Xf;d ‘. and (iii) country 7 foreign affiliate sales in

country n, for affiliates that import from parents; X%,

Xan e 6m
Xni = “:—T" (2.18)
; Xan i - )\m
afl -k
uX, X;exp {gb (1 — T ) + a(lnrm)} i
xXmt — = (2.20)
where: —
o-lox ffdz - fm o
S e B = L — o) 1 7
Toi exp(op(l — o))
o=l—x o—1—k

A = FIE = fui o _[ int 1 =
U= (o - 1)) (r2exp(6))7 1 Cong

o—1—k

int

19712' o o—1
(exp<<¢<1—r >+a1mm>) o

Notice that =,, is reminiscent of the multilateral resistance term in [Eaton and
Kortum| (2002b).%° =, is a measure of country n remoteness relative to all trading
countries; whereas, the bilateral terms 6,;, A,;, and ¢,; depend only on country ¢
and country n parameters.’® Relative to the standard gravity equation (e.g., from
a Melitz style model with no FDI), the impact of trade frictions on exports is more
involved. In an model without FDI, aggregate exports from country ¢ to country n can

be decomposed into the intensive and extensive margins, with the average exporter’s

39With a slight abuse of notation, we redefine Z,, to be:

o—l-kr .
Hn = ZL 1 +s (Tn_imfnigl +Iz7£n {(frfzdz - f’rn) 1n7, ( fz?t) CQUn'Ll })

400ur assumptions about firm hierarchy and the necessary parameter restrictions to maintain
it are sufficient for both d,; and ¥,; to be positive. On the other hand \,; is positive if f2* >

di Cani
(F = fi) G
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sales being invariant to variable trade costs and the mass of exporting firms negatively
associated with trade costs. In the presence of FDI sales, variable trade costs impact
both the mass of exporters and the average export sales per firm. In|Chaney| (2008),
for instance, d,; is a function of fixed costs of export f,;, and does not depend on
Tni- Here, 0,; is a function of 7,;, and therefore the response of X,,; to changes in 7,

depend on changes in d,; and 7,;".

Formally, let £x , be the elasticity of aggregate
export sales between countries ¢ and n with respect to variable trade costs 7,;, and

&s.7 1s the elasticity of 0 with respect to 7, then:

Exr=—K— & <0, (2.21)

where:

o—1—K _

o l(l —0)(a—1)70= D eqp (p(1 —0))] 7

di
fr{iz - fm

7_0_1 Clni

k=(c—-1)
o—1

- <0

6,0 = (79 1Cs )2 5

Likewise, the elasticity of aggregate foreign affiliate sales with respect to trade
costs, for affiliates that do not import from their parents and those that do, are

respectively given by:*!

é-deiﬂ_ = —aK + 5)\77 <0 (2.22)
a—1
Exint p = — [de’ (1—a)+ a} k+&r <0 (2.23)

where

€or = (ki — (0 — 1)) [TW-@W ((a- 1>T“¢3)} <0

Aggregate affiliate sales (for importer affiliates) decrease as trade costs increase. It
is straightforward to show this since the second term of equation is negative
for any a € (0,1). The finding that foreign affiliate sales are negatively correlated
with trade costs for the affiliates who import from their parents is not surprising
and consistent with models of multinational production and intra-firm trade. We are
mainly interested in the gravity equation for affiliates who report zero intra-firm trade
with their parents. The intra-firm trade mechanism that puts gravity forces in play

ceases in the case of small affiliates who never import from parents. Nonetheless, as we

“Deriving the sign of £, ; is not trivial. In general, &, , is negative if & and f* are large enough

(see the Appendix for details). Nonetheless, {xa: , is negative as long as « is not very close to zero.
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show in equation , sales of non-importer affiliates are still suffering from gravity
forces,*? since affiliates sales are negatively affected by the distance from headquarters
and other common trade frictions.

In order to comment on the role of intensive and extensive margins in the gravity
equations above, in line with (Chaney (2008), we formally introduce the impact of
changing variable trade costs on the intensive margin (sales of existing firms) and the
extensive margin (sales of new entrants). By differentiating aggregate exports from
country i to country n, X,; = J; ffn’zil rni(0)dG(p), we obtain the following expression

for the elasticity of X,,; with respect to 7,;:%

Extensive margin

Intensive margin - A ~
— K= (U - 1) dixo—1—k o—1—kK
§X,T = (1 - U) + gpa._l_m _ ( ffli)a—l—n [gwfdi,T(SO{Li ) ! — Pni ! ]7 (224)

where &, sai » denotes the elasticity of FDI cutoff with respect to variable trade costs.
If €, sai - is megative then both the sales of existing exporters and the sales of new
exporters decrease with trade costs. In fact, £ 54, < 1 for any value of a € (0,1).*
Moreover, consistent with our finding that the number of foreign affiliates in the lower
tail of firm size distribution decreases as the distance from headquarters increases,
the elasticity of FDI cutoff with respect to trade costs is positive, 0 < & rai , < 1.4
Interestingly, even when the FDI cutoff increases with 7, as in HMY, the ratio of the
number of multinational firms to the number of exporters increases as trade costs
increase.46

The same analysis for the aggregate sales of affiliates who do not import from

parents, X 4 i executed:

ni

Extensive margin
Intensive margin -

— K= (U - 1)
gxfdiﬂ_ = Oc(l — 0') + (gpfdi)a_l_“ . ( int)a—l—fi

(2.25)
The elasticity of intra-firm cutoff with respect to variable trade costs is denoted
by &gint 2" In the Appendix we show that if the fixed cost of intra-firm trade is

sufficiently high, the impact of trade costs on the extensive margin is negative as

42Gee the Appendix for formal derivations and the conditions for FDI gravity to hold.
43We use Leibniz’s integral rule to differentiate the aggregate exports expression.
aexp(qb(lfa))777(111.70)(17“)
eap(p(1—0))—7 ;77
45For large enough values of a.

46Notice that if the FDI cutoff is oo, the model collapses to Chaney’s model and £x , = —k.

47 X _ 1 9lnCsp;
&Pl"tﬂ' ~ 1-0 Olnt > 0.

44Gpecifically, é—tpfdiﬂ- = < 1.
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well 48
The impact of variable trade costs on the intensive and extensive margins for

affiliates who import from their parents is as follows:

Intensive margin
% Extensive margin

Exintr = (1 —0) [(1 - 04)7':25%1 + oz} —(k— (o j].))f(pintﬂ-. (2.26)

Both sales per existing affiliates and the sales of new importer affiliates decline as
trade costs increase. An intriguing result here is that although the impact of trade
costs on the intensive margin is unambiguously larger for importer affiliates than for
non-importer affiliates, the relative impact on the extensive margin for non-importer
affiliates relative to importer affiliates is ambiguous: the sales of new entrants/existing
non-importer affiliates might decline more than their counterparts for importer affili-
ates as trade costs increase. In effect, the overall impact of trade costs on the aggregate
sales of non-importer affiliates might even be stronger than its impact on the overall
sales of importer affiliates because of the extensive margin responses to increasing
trade costs. In other words, gravity forces could be stronger for affiliates who do not

report intra-firm trade relative to affiliates who import from their parents.

2.7 Conclusion

This paper begins by documenting a new empirical regularity: foreign affiliate sales
decrease with trade costs regardless of whether they engage in intra-firm transactions.
This is at odds with existing models of multinational production and intra-firm trade
in which the observed gravity of foreign sales is explained by affiliates” need for in-
termediate inputs from their parents. Furthermore, as reported in Ramondo et al.,
intra-firm trade is highly concentrated among a small set of large multinationals and,
in fact, the vast majority of U.S foreign affiliates do not even engage in cross-border
transactions with other firms within the same corporation.

In order to reconcile the theory and the evidence, we propose a unified framework
to improve our understanding of the nature and structure of multinational firms and
their complex network of affiliates. To account for the extensive margin of intra-firm
trade and the gravity of MP for firms of all sizes, including those that do not engage

in intra-firm trade; this paper develops a multi-country model of heterogeneous firms,

48Tn fact, we also show the conditions under which the FDI gravity equation holds even with
positive extensive margin. In general, this will be the case for a wide range of parameter values.
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in which parents decide whether or not to supply foreign affiliates with intermediate
inputs and if so, optimally decide the fraction that will be imported from the parent
company. In our model an affiliate’s marginal cost is affected by the parent’s decision
regarding the method of knowledge transfer. On the one hand, exporting interme-
diate inputs embodying knowledge to an affiliate entails the standard iceberg-type
trade costs as well as a fixed cost of establishing an adequate platform to carry on
cross-border transactions within the boundaries of the firm. On the other hand the
marginal cost of direct knowledge transfer from parent to affiliates through remotely
communication increases with geographical barriers but rises less than the costs of
exporting intermediate inputs. As a result, in equilibrium (i) only the most produc-
tive multinational firms choose to export to their affiliates and (ii) foreign sales for
both the affiliates who import from their parent and those who do not are affected
by gravity forces.

The model constructed in this paper provides a guide to further develop a quanti-
tative framework that allows us to measure the gains from multinational production
and the consequent transfer of knowledge across countries in an economy where ex-
ports, foreign sales, as well as intra-firm transaction across borders, are subject to

selection and concentrated in a few large firms.
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Tables and Figures

Table 2.1: List of Countries

Countries
Australia* Italy* Spain*
Austria* Japan™ Sweden*
Belgium-Luxembourg®* Latvia Switzerland*
Canada* Lithuania Turkey*
Czech Republic* Mexico™ United Kingdom*
Denmark* Netherlands* United States™
Estonia New Zealand*
Finland* Norway*
France* Poland*
Germany* Portugal™*
Greece™ Romania
Hungary™* Russian Federation
Ireland* Slovakia
Israel Slovenia

Note: The symbol (*) means that the country belongs to the OECD.
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Figure 2.2: Research and Development Share

Notes: this figure shows the density of the parent’s R&D expenditure share in each of the 104
manufacturing sectors of the NACE classification at 3-digit level of disaggregation. The share of
R&D is calculated as the fraction of the total Research and Development expenditure of the firm
relative to the total R&D expenditure of all U.S parents operating in the same 3-digit level
industry. The density is shown for the pool of firm-sector pairs in the sample
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Figure 2.3: Density of Firms’ R&D Shares for Selected Industries

Notes: this figure shows the density of the parent’s share of R&D expenditure for four selected
3-digit NACE sector classifications: (1) manufacture of parts and accessories for motor
vehicles—NACE 293 (top-left panel); (2) manufacture of other special-purpose machinery—NACE
289 (top-right panel); (3) manufacture of basic pharmaceutical products—NACE 211 (bottom-left
panel); and 4) manufacture of air and spacecraft and related machinery—NACE 303 (bottom-right
panel). The share of R&D is calculated as the fraction of the total research and development
expenditure of the firm relative to the total R&D expenditure of all U.S parents operating in the
same 3-digit sectoral classification.
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Figure 2.4: Density of Firm Productivity by R&D group

Notes: this figure shows the productivity density for two groups of parent firms: those for which
ORBIS data contain information regarding the expenditure on research and development activities
(Known R&D); and those parents for which there are missing values for R&D (Unknown R&D).
The productivity density is shown for both groups in four selected industries at 3-digit NACE
sector classification: (1) manufacture of parts and accessories for motor vehicles—NACE 293
(top-left panel); (2) manufacture of other special-purpose machinery—NACE 289 (top-right panel);
(3) manufacture of basic pharmaceutical products—NACE 211 (bottom-left panel), and 4)
manufacture of air and spacecraft and related machinery—NACE 303 (bottom-right panel). Firm
productivity is measured by the output per worker of the U.S parent. Only one third of the U.S
parent firms (that have at least one affiliate overseas) show positive values for R&D expenditures.
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Figure 2.5: Market Penetration
Notes: this figure represents the density of the number of markets in which U.S. parent firms
produce. The vertical lines represent the cutoff at the 50, 75, 95 and 99 percentile, respectively.

Half of the firms have operations in only one or two foreign countries. Only a few parents engage
in multinational activity in more than seven foreign markets.
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Table 2.2: Gravity Equation of MP (country-sector level)

Dep. Variable MP sales N. of firms
(1) (2) (3) (4)
In Dist —0.6999***  —(0.7044**F*  —0.5525*** —(.0893**
(0.2165) (0.1190) (0.0687) (0.0427)
Border ~2.8115***  —0.6675 -0.0831 1.7173%**
(0.6920) (0.6752) (0.2231) (0.2990)
Language 0.3939* 1.0690 0.3643** 0.3681
(0.2069) (0.9952) (0.0711) (0.3664)
Colony -0.0449 1.1371%**%  (0.5632** 1.9199%**
(0.1822) (0.3812) (0.0648) (0.1366)
RTA 1.5951°%*%*  1.5730%* -0.1314 —-0.3411*
(0.3972) (0.7277) (0.1237) (0.1896)
Capital (relative US)  2.1510%** 2.1014%%%
(0.6134) (0.2844)
In GDPperc 0.5664* 0.7646%**
(0.3928) (0.1184)
Rule of Law ~0.0198** ~0.0196**
(0.0094) (0.0028)
Country FE No Yes No Yes
Sector FE Yes Yes Yes Yes
N.Observations 1779 1779 1880 1880

Notes: Dependent variables: foreign affiliate sales relative to parent sales operating in each host
country-sector pair in columns (1) and (2); number of U.S. parents with at least one affiliate in
each host country-sector pair in columns (3) and (4). The regressors include the natural log of the
distance between the U.S. and the host market (In Dist); a dummy for the participation of the
host market in a regional trade agreement (RT'A), a dummy for common border (border), common
language (language), and whether or not the host market and United States had a colonial
relationship (colony). Other controls include the level of capital endowment (Capital), the natural
log of GDP per capita, and a measure of the institutional quality of the host country (Rule of
Law). Robust standard errors reported in parentheses. Significance is denoted: * p < 0.10 **

p < 0.05 *** p < 0.01.

123



Table 2.3: Gravity Equation of MP (country-sector level)

Dep. Variable

Number of firms

(<50p) (>50p) (<50p) (>50p)
In Dist ~0.3536***  —0.5443***F  —0.4954*F**  —(.47T74%F*F*
(0.0573)  (0.0819)  (0.0743)  (0.0672)
Border n/a n/a ~0.3300 -0.1060
(0.2440)  (0.2142)
Language 0.1747 0.7719***%  0.2371*%**  (.3315%**
(0.1282)  (0.1938)  (0.0790)  (0.0738)
Colony 1.3362**F*  (0.7263** 0.4838***  (.3913%**
(0.1330) (0.2360) (0.0651) (0.0608)
RTA 0.5152%**  —0.2478 0.0628 —0.1443
(0.1543)  (0.2201)  (0.1388)  (0.1243)
Capital (relative US) 1.8563%#*  1.6531%**
(0.2701) (0.2720)
In GD Pperc 0.5076***  0.4968%**
(0.1232)  (0.1153)
Rule of Law ~0.0129%**  —0.0136***
(0.0031) (0.0029)
Country FE Yes Yes No No
Sector FE Yes Yes Yes Yes
N.Observations 938 942 938 942

Notes: Dependent variables: number of US parents with at least one affiliates in each host
country-sector pair. The regressors include the natural log of the distance between the U.S. and
the host market (In Dist); a dummy for the participation of the host market in a regional trade
agreement (RTA), a dummy for common border (border), common language (language), and
whether or not the host market and United States had a colonial relationship (colony). Other
controls include the level of capital endowment (Capital), the natural log of GDP per capita, and
a measure of the institutional quality of the host country (Rule of Law). Robust standard errors
reported in parentheses. Significance is denoted: * p < 0.10 ** p < 0.05 *** p < 0.01. n/a mean
not available, because a variable is collinear with country fixed effects
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Table 2.4: Gravity Equation of MP (country-sector level)

Dep. Variable MP Sales
(<50p) (>50p) (<50p) (>50p)
In Dist ~0.8568***  —().8399**F*  —(0.2594 —0.4007*
(0.1601) (0.1235) (0.0687) (0.2660)
Border —0.9984**  —0.3156 —1.4844 —2.37417%%*
(0.4678) (0.7528) (0.2231) (0.8410)
Language 1.6716 1.1554 0.3216*%*  0.3004
(1.4587) (0.9505) (0.0711) (0.2294)
Colony 0.3474 1.2135%* 0.5915**  —0.0531
(1.3918) (0.4905) (0.0648) (0.1904)
RTA 0.8893 1.5286** —0.7275 1.7651%*
(1.3877) (0.6900) (0.1237) (0.1896)
Capital (relative US) 1.4399%#%  1.8031%**
(0.2844) (0.6635)
In GDPperc 0.7646***  0.9009**
(0.1184)  (0.4539)
Rule of Law —-0.0196** -0.0197*
(0.0028) (0.0102)
Country FE Yes Yes No No
Sector FE Yes Yes Yes Yes
N.Observations 875 904 875 904

Notes: Dependent variables: foreign affiliates sales relative to parent’s sales operating in each host
country-sector pair. The regressors include the natural log of the distance between the U.S. and
the host market (In Dist); a dummy for the participation of the host market in a regional trade
agreement (RT'A), a dummy for common border (border), common language (language), and
whether or not the host market and United States had a colonial relationship (colony). Other
controls include the level of capital endowment (Capital), the natural log of GDP per capita, and
a measure of the institutional quality of the host country (Rule of Law). Robust standard errors
reported in parentheses. Significance is denoted: * p < 0.10 ** p < 0.05 *** p < 0.01.
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Table 2.5: Gravity Equation of MP (country-sector level)

Dep. Variable

Number of firms

(<25p) (>75p) (<25p) (>75p)
In Dist —0.2780%**  —0.4082***  —0.3604*** —0.2499%**
(0.0289)  (0.0479)  (0.0674)  (0.0600)
Border n/a n/a —0.1449 0.1369
(0.2123)  (0.1782)
Language 0.0830 0.3979***  0.2649***  (.3179%**
(0.2251)  (0.0976)  (0.0732)  (0.0662)
Colony 0.2217 0.4821°F**  (0.3449%*F*  (0.2496***
(0.2114)  (0.1272)  (0.0616)  (0.0534)
RTA 0.3339*%**  —0.4197*** —0.0920 —0.1666*
(0.1089)  (0.1226)  (0.1129)  (0.1011)
Capital (relative US) 1.3084*#%  1.2075%**
(0.2844)  (0.2343)
In GD Pperc 0.3277**%  0.2043**
(0.1117)  (0.0926)
Rule of Law —0.0080**  -0.0061***
(0.0029) (0.0023)
Country FE Yes Yes No No
Sector FE Yes Yes Yes Yes
N.Observations 762 780 762 780

Notes: Dependent variables: Number of U.S. parents with at least one affiliates in each host
country-sector pair. The regressors include the natural log of the distance between the U.S. and
the host market (In Dist); a dummy for the participation of the host market in a regional trade
agreement (RTA), a dummy for common border (border), common language (language), and
whether or not the host market and United States had a colonial relationship (colony). Other
controls include the level of capital endowment (Capital), the natural log of GDP per capita, and
a measure of the institutional quality of the host country (Rule of Law). Robust standard errors
reported in parentheses. Significance is denoted: * p < 0.10 ** p < 0.05 *** p < 0.01. n/a mean
not available, because a variable is collinear with country fixed effects
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Table 2.6: Gravity Equation of MP (country-sector level)

Dep. Variable MP Sales
(<25p) (>75p) (<25p) (>75p)
In Dist ~1.0994*** 0. 7857*F*  —0.6170* —0.8584***
(0.1897) (0.1464) (0.3553) (0.2971)
Border -5.0072*%*  —0.2373 ~1.8248 ~3.4116%**
(0.2.1279)  (0.7628) (1.2137) (0.9378)
Language 3.8818* 1.7033 0.5525%* 0.6566**
(1.1.7287)  (1.1007) (0.2874) (0.2631)
Colony 2.1475 1.8609 ~1.0250*%**  —0.0164
(1.7119) (1.2184) (0.2286) (0.2220)
RTA 2.1991 2.1108** 0.3802 1.8904***
(1.6473) (0.9123) (0.6421) (0.4956)
Capital (relative US) 1.0083*#*  2.5191%**
(0.9921) (0.7881)
In GD Pperc —0.4518 1.1348**
(0.5731) (0.5132)
Rule of Law 0.0083** —0.0318%***
(0.0146) (0.0114)
Country FE Yes Yes No No
Sector FE Yes Yes Yes Yes
N.Observations 703 753 703 753

Notes: Dependent variables: foreign affiliate sales relative to parent sales operating in each host
country-sector pair. The regressors include the natural log of the distance between the U.S. and
the host market (In Dist); a dummy for the participation of the host market in a regional trade
agreement (RT'A), a dummy for common border (border), common language (language), and
whether or not the host market and United States had a colonial relationship (colony). Other
controls include the level of capital endowment (Capital), the natural log of GDP per capita, and
a measure of the institutional quality of the host country (Rule of Law). Robust standard errors
reported in parentheses. Significance is denoted: * p < 0.10 ** p < 0.05 *** p < 0.01.
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2.8 Appendix A: Proofs

Lemma II.1; The elasticity of marginal cost of composite intermediate input with re-

spect to trade costs T,; is increasing in firm’s productivity . For o' > ¢?, é?MC(Tm', w, pl) >

eMC (1, @, %) > 0.

Proof. The proof is based on Keller and Yeaple (2013). By contradiction method,

assume that eM%(7,;, @, ') < eMY(7,5, @, ©?). Then,

Z

/ B(z|")dz / B(ele?)t(z) "z < / B(zlg?)dz / Balhi(z) Mz (2.27)

Without loss of generality we set @ = 1. By definition, if 5(z|y) is log-supermodular

in z and «, then for 2’ > 2",

BB |9*)t(2)' " > B |¢*)B(2" | )t (2) " (2.28)
Integrate with respect to z” over [0, z’) and with respect to 2z’ over [/, 00), and replace
Z with Z we get

Z

/ Blzlpt)dz / Blele?)t(2) "z > / B(zl¢?)dz / Bl )t(=) dz  (2.29)

Contradiction 0
Lemma 1.2} let 0(7,;, ¢, @) be the share of imported inputs M (7,;, ¢, @) in total
composite intermediate input costs TC(Tni, p,@). Then, (T, p,w) = % =

eMC (1, ¢,w) is i) increasing in @, ii) the import cost share is declining in trade
costs for all firms, and iii) the rate of decline in the import cost share is slower in the

more knowledge intensive firms.

Proof. Part i) follows immediately [Lemma II.1} For part two, the elasticity of (7,;, ¢)
with respect to 7,; is given by (w.l.o. 0t(z)/0T = 1)

0:r)_BGler 2.30)

§or =—(n—1)(1-0(1,0)) — o T bl
2(r)
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The third part is implied by the monotone likelihood ratio property: fﬁg#

% and 0(t, o) > 0(1, p?) O

Proposition 1t There erists a productivity cutoff ™" such that

1 Zf o> > SOmt

0 otherwise

I(p) =

That is, only the most productive foreign affiliates in country n engage in intrafirm

trade with their parents (import intermediate inputs form their parents).

Proof. An affiliate chooses to import from its parent if,

B, [ACY (14, T(9), 0, )] > wifint (2.31)

nt ?

The first term in the left hand side of the equation above gp"_l is increasing in .

The second term ACY (7,;, Z(p), p, @) = CM (1,4, Z(p) = 1,0)1 77 — CM (1,4, Z(p) =
0,)'79 is also increasing in . Notice that C(Z = 0,¢') > C(Z = 07 ©*),* whereas
Clr=1,T=1,¢")=C(r = 1,T =1,¢%). By[Lemma IL1] £C(., ") > MO, ¢?),

then moving from no intra-firm trade to importing any fraction of mtermedlate inputs
from parents yields larger saving in the cost of producing the intermediate composite

input for the higher knowledge-intensive firm (more productive). O]

Proposition 2: Country i foreign affiliate sales (conditional on opening an affil-
iate) in country n, v () are decreasing in trade costs Tn;. Let €7 (0, i) < 0 be
the elasticity of affiliate sales with respect to trade costs, then the absolute value of
el (@, Tni) 1S increasing in @. In words, the sales of more knowledge intensive firms
(affiliates) are more sensitive to trade costs. That is, FDI-Gravity is more pro-

nounce for more knowledge intensive parents-affiliates.

Proof. Notice that
8;2’(9077}”'71-) = (1 - J) MC<907T7LZJ:Z’.) (232>

The proof then follows immediately from the properties of €M% (¢, 7,;, 7). Moreover,
when Z = 0, as explained in the text ¢ is increasing with 7,;. Thus the proof is

complete. 0

49Notice that C(Z = 0,¢) =t = fo (z|¢)t(2) 7 "dz, which is indeed increasing in ¢ under the
assumptions about 8(z|¢) and ¢(z).
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2.9 Appendix B: Detail Derivations

Dividends per share s: In the text we claim that s = cr(/:——_ll)—l-l Let II,, be the

aggregate profits of all firms in country n, including foreign affiliates profits,

N ol wint o0
=34 [ muledGe)+ [ @6+ [ miedcie) b (23)
=1 in i pint
and /% = pint = oo, The domestic/export profits, non-importer foreign affiliates

profits and importer affiliates profits are denoted by i, (), 1% (), and 7 (),

respectively. Using the functional forms of the profits, the Pareto distribution, the

cutoffs’ equations and integrating, we get

N
oc—1 . .

I, = § R;, + RI% 4 Rint 2.34
/{ + m + m ( )

g -
=1

R;,, szg " and RI™ denote the values of the aggregate sales of exporting to country 4,
the aggregate foreign affiliates sales-who do not import-, and the importer aggregate
affiliate sales, respectively. Indeed, R/% = Rt = (. Let II denote the world aggregate
profits: IT = .\ II,, then

-1 X .
n=""=5"5"R,, + R+ R (2.35)
R neN (€N
—1
-2y (2.36)
OR

Here, Y is the world total sales/expenditures. World’s total profits II is also given by
the dividends per share times the total number of shares. Thus, Il = > _\ sL, =
oy = L% v La(1+5), where the last equality follows from balanced trade and

OK

the fact that X,, = L,, + 11, = L,, + sL,,. Then,

II oc—1
= = 1
S s 1 — (1+s)
c—1
— S =
ok—1)+1
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Derivation of Gravity Equations

Aggregate exports from country i to country n is given by®°

fdi
Pri

X, = J; / oo” " (uX, /Py T TdG(p) (2.37)

Pni

Evaluating the integration, using the formula for the aggregate price level, and sub-
stituting out the cutoffs and J; = X;/(1 + s), we obtain the gravity equation derived
in the text. Similarly, non-importer affiliates’ aggregate sales and importer affiliates’

aggregate sales can by expressed by

int

(Pni
XJ8 = J, / 00° 1 (Xo/P7°) [riieap()' ™" dG(p) (2.38)
ol
- a—1 1-o
Xt — J, / o’ (Xn/Pr0) <6:1:p((;5(1—7’m~¢ )—i—aln)) dG(yp) (2.39)
ot

Using the same steps as before, we get the gravity equations for non-importer affili-

ates’ sales and importer affiliates’ sales.

FDI- Gravity: Affiliates who do not import from parents:
In the text we claimed that the sales of non-importer decrease in trade frictions;
equation (2.22). In order to prove this formally we use our analysis of the inten-
sive/extensive margin. Remember that we can disentangle the impact of trade costs

on affiliates’ sales into the intensive and the extensive margins;

Extensive margin

Intensive margin - A~ -
:‘i—(O'—l) int\o—1—k iNo—1—kK
{xrair = a(l—0) + fding—1—r ino—1—n [fcpmt,r(@mt) - gsofd’}f(gpv];?) ' ]
( ni ) - (gpnz )
(2.40)
The extensive margin is negative if and only if, € rai , (7 ¥)7 7175 > € ine ()71
L . aCM( T—0) =0 _s1-c fdi_p (1-0)(c—1—k) N\ (I=o)(e—1-K)
This will be the case if, EMCC']\/[(C.,Iz(.ifl_(:’)—aCM(.,Z:O)l_” > (fmmf ) (%) )

For FDI cutoff be well defined, we require f7¢ > (f1% — f, ) Cans If fint ig way larger

n Clni n

than the last term then the last term of the previous inequality becomes very small

50Notice that we do not include the intrafirm export in the total exports. It is easy to show that
total intrafirm exports is constant share of the importer total affiliates sales.
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int
ni

— 00. Therefore, there exists f"* < oo such that the

ni

and approaches zero as

extensive margin is negative. If this condition does not hold, all what we need to have

Egint - (P "€ pai , (PR§) 7" 1 o .

et o r T < o=l which is easily satisfied for
Jdiyo—1—r_(pintyo—1-r k—(o—1)’
nt nt

reasonable parameter values. If either of these two conditions is satisfied, FDI sales

FDI-gravity is —

must be negatively correlated with trade frictions.
Derivation of the marginal cost of intermediate input composite: equation
(12.12))

T%eXp {fooo %exp(—z/(b)zdz} if T=0
exp {foi éeﬁp(—fc‘/qﬁ)(alm' + z)dz + In7 [° iexp(—z/gzﬁ)dz} if ZT=1
(2.41)

CM(r,¢,1) =

Integrating by parts and substituting out Z = (1 — a)In7y,;, the required results are

obtained.

132



BIBLIOGRAPHY

133



BIBLIOGRAPHY

Acemoglu, A. and F. Zillibotti, “Distance to frontier selection, and economic
growth,” Journal of the Furopean Economic Association, 20006, 4, 37-74.

Alfaro, L. and M. Chen, “Market Reallocation and Knowledge Spillover: The
Gains from Multinational Production,” Harvard Business School BGIE Unit Work-
ing Paper No. 12-111, 2013.

Alfaro, Laura and Maggie X. Chen, “Market Reallocation and Knowledge
Spillover: The Gains from Multinational Production,” Harvard Business School
Working Papers 12-111, Harvard Business School June 2012.

Alvarez, F., F. Buera, and R. Lucas, “Ideas Flows, Economics Growth, and
Trade,” University of Chicago, 2011.

Antras, P. and E. Helpman, “Global Sourcing,” Journal of Political Economy,
2004, 112(3), 552-580.

Antras, Pol and Elhanan Helpman, “Global Sourcing,” Journal of Political Econ-
omy, June 2004, 112 (3), 552-580.

_ and Stephen R.Yeaple, “Multinational Firms and the Structure of International
Trade,” NBER Working Papers 18775, National Bureau of Economic Research, Inc
February 2013.

Arkolakis, C., N. Ramondo, A. Rodriguez-Clare, and S. Yeaple, “Innovation
and Production in the Global Economy,” NBER Working Paper No. 18972, 2013.

Arnold, M. and J. Javorcik, “Gifted kids or pushy parents? Foreign direct invest-
ment and plant productivity in Indonesia,” Journal of International Economics,
2009, 79(1), 42-53.

Atalay, Enghin, Ali Hortacsu, and Chad Syverson, “Vertical Integration and
Input Flows,” American Economic Review, April 2014, 104 (4), 1120-48.

Bernard, A., J. Jensen, and P. Schott, “Importers, Exporters, and Multination-
als: A Portrait of Firms in the U.S. that Trade Goods,” Importers, Ezxporters, and
Multinationals: A Portrait of Firms in the U.S. that Trade Goods, 2009.

_, S. Redding, and P. Schott, “Multi-Product Firms and Trade Liberalization,”
The Quarterly Journal of Economics, 2011, 126(3), 1271-1318.

134



Borga, Maria and William J. Zeile, “International Fragmentation of Production
and the Intrafirm Trade of U.S. Multinational Companies,” BEA Papers 0035,
Bureau of Economic Analysis January 2004.

Brainard, Lael S., “An Empirical Assessment of the Proximity-Concentration
Trade-off between Multinational Sales and Trade,” American Economic Review,
September 1997, 87 (4), 520-44.

Burstein, A., C. Kurz, and L. Tesar, “International Trade, Production Sharing
and the Transmission of Business Cycles,” Journal of Monetary Economics, 2008,

55(4).

Caliendo, L. and F. Parro, “Estimates of the Trade and Welfare of NAFTA,” The
Review of Economic Studies, 2014.

Chaney, T., “Technology Mismatch: A model of International Trade in Good and
Ideas,” Unwversity of Chicago, 2012.

Chaney, Thomas, “Distorted Gravity: The Intensive and Extensive Margins of
International Trade,” American Economic Review, September 2008, 98 (4), 1707—
21.

Chen, M. and M. Moore, “Location decision of heterogeneous multinational
firms,” Journal of International Economics, 2010, 2, 188-199.

Cheng, L., L. Qui, and G. Tan, “Foreign direct investment and international

trade in a continuum Ricardian trade model,” Journal of Development Economics,
2005, 77, 477-501.

Costas, A., A. Costinot, and A. Rodriguez-Clare, “New Trade Models, Same
Old Gains?,” American Economic Review, 2012, 102(1), 94-130.

Costinot, A., D. Donalson, and I. Komunjer, “What Goods Do Countries
Trade? A Quantitative Exploration of Ricardo’s Ideas,” Review of Economic Stud-
ies, 2012, 79(2), 581-608.

Costinot, Arnaud, “An Elementary Theory of Comparative Advantage,” Econo-
metrica, july 2009, 77 (4), 1165-1192.

Deardorff, A., “The General Validity of the Law of Comparative Advantage,” Jour-
nal of Political Economy, 1980, 88(5), 941-957.

di Giovanni, Julian and Andrei A. Levchenko, “Country Size, International
Trade, and Aggregate Fluctuations in Granular Economies,” Journal of Political
Economy, 2012, 120 (6), 1083 — 1132.

Do, Q. and A. Levchenko, “Comparative Advantage, Demand for External Fi-
nance, and Financial Development,” Journal of Financial Economics, 2007, 86(3).

135



Eaton, J. and S. Kortum, “International Technology Diffusion: Theory and Mea-
surement,” International Economic Review, 1999, 40(3), 1741-1779.

_ and _ , “Technology, Geography, and Trade,” Econometrica, 2002, 70(5), 1741—
1779.

Eaton, Jonathan and Samuel Kortum, “Technology, Geography, and Trade,”
Econometrica, September 2002, 70 (5), 1741-1779.

Finicelli, A., P. Pagano, and Sbracia M., “The Selection Effect of International
Competition,” Bank of Italy Temi di Discussione (Working Paper) No. 728, 2008.

Fons-Rosen, C., S. Kalemli-Ozcan, B. Soensen, C. Villegas-Sanchez, and
V. Volosovych, “Quantifying Productivity Gains from Foreign Investment,”
Working Paper, 2013.

Fukui, T. and C. Lakatos, “A Global Database of Foreign Affiliate Sales,” U.S
International Trade Commission. Office of Economics Working Paper, No 2012-
08A, 2012, 112(3).

Gabaix, Xavier, “Power Laws in Economics and Finance,” Annual Review of Eco-
nomics, may 2009, 1 (1), 255-294.

Goldberg, P., A. Khandelwal, N Pavcnik, and P. Topalova, “Imported Inter-
mediate Inputs and Domestic Product Growth: Evidence from India,” The Quar-
terly Journal of Economics, 2010, 125(4), 1727-1767.

Guadalupe, M., O Kuzmina, and C. Thomas, “Innovation and Foreign Own-
ership,” American Economic Review, 2012, 102(7), 3594-3627.

Handley, K., “Country Size, Technology and Manufacturing Location,” Review of
International Economics, 2012, 20(1), 29-45.

Hanson, Gordon H., Raymond J. Mataloni, and Matthew J. Slaughter,
“Vertical Production Networks in Multinational Firms,” The Review of Economics
and Statistics, November 2005, 87 (4), 664—678.

Head, Keith and John Ries, “FDI as an Outcome of the Market for Corpo-
rate Control: Theory and Evidence,” Journal of International Economics, January
2008, 74 (1), 2—20.

Helpman, E., M. Melitz, and S. Yeaple, “Exports versus FDI,” American Eco-
nomic Review, 2008, 94 (1), 300-316.

Helpman, Elhanan, “A Simple Theory of International Trade with Multinational
Corporations,” Journal of Political Economy, June 1984, 92 (3), 451-71.

_ , Marc J. Melitz, and Stephen R. Yeaple, “Export Versus FDI with Hetero-
geneous Firms,” American Economic Review, March 2004, 94 (1), 300-316.

136



Hsieh, C. and R. Ossa, “A Global View of Productivity Growth in China,” NBER
Working Paper No. 16778, 2011.

Irarrazabal, Alfonso, Andreas Moxnes, and Luca D. Opromolla, “The Mar-
gins of Multinational Production and the Role of Intrafirm Trade,” Journal of
Political Economy, 2013, 121 (1), 74 — 126.

Keane, Michael P. and Susan E. Feinberg, “Accounting for the Growth of
MNC-Based Trade Using a Structural Model of U.S. MNCs,” American Economic
Review, December 2006, 96 (5), 1515-1558.

Keller, W., “International Technology Diffusion,” Journal of Economic Literature,
2004, 42(3), 752-782.

Keller, Wolfgang and Stephen R. Yeaple, “The Gravity of Knowledge,” Amer-
ican Economic Review, June 2013, 103 (4), 1414-44.

Kugler, M., “Spillovers from Foreign Direct Investment: within or between indus-
tries,” Journal of Development Economics, 2006, 80(2), 444-477.

Levchenko, A. and J. Zhang, “The evolution of Comparative Advantage: Mea-
surement and Welfare Implications,” University of Michigan, 2012.

_ and _ , “Ricardian Productivity Differences and the Gains from Trade,” European
Economic Review, 2013. Forthcoming.

Li, Y., “International Trade, Technology Diffusion and the Role of Diffusion Barri-
ers,” Hong Kong University, 2011.

Markusen, James R., Multinational Firms and the Theory of International Trade,
MIT press, 2004.

Melitz, Marc J., “The Impact of Trade on Intra-Industry Reallocations and Aggre-
gate Industry Productivity,” Econometrica, November 2003, 71 (6), 1695-1725.

Perla, J., C. Tonetti, and M. Waugh, “Equilibrium Technology Diffusion, Trade
and Growth,” Job Market Paper, 2012.

Ramondo, N., “A Quantitative Approach to Multinational Production,” Arizona
University, 2013. Manuscript.

_ and A. Rodriguez-Clare, “Trade, Multinational Production and the Gains from
Openness,” Journal of Political Economy, 2013, 121(2), 273-322.

_, V. Rappoport, and K. Ruhl, “Horizontal versus Vertical Foreign Direct In-
vestment: Evidence from U.S. Multinationals,” Mimeo, 2013.

Ramondo, Natalia and Andres Rodriguez-Clare, “Trade, Multinational Pro-
duction, and the Gains from Openness,” Journal of Political Economy, 2013, 121
(2), 273 — 322.

137



_, Veronica Rappoport, and Kim J. Ruhl, “Horizontal versus Vertical Foreign
Direct Investment: Evidence from U.S. Multinationals,” Working Papers, New
York University 2014.

Rodriguez-Clare, A., “Trade, Diffusion and Gains from Openness,” Mimeo, 2007.

Santacreu, A., “Innovation, Diffusion, and Trade: Theory and Measurement,”
Mimeo, 2011.

Seuring, Stefan and Maria Goldbach, Cost Management in Supply Chains,
Springer, 2002.

Shikher, S., “International Production, Technology Diffusion, and Trade,” Journal
of International Trade and Economic Development, 2012.

Tintelnot, F., “Global Production with Export Platforms,” Job Market Paper, 2012.

Waugh, M., “International Trade and Income Differences,” American Economic
Review, 2010, 100(5), 2093-2124.

Yeaple, Stephen R., “Firm Heterogeneity and the Structure of U.S. Multinational
Activity,” Journal of International Economics, July 2009, 78 (2), 206-215.

Zeile, William J., “Trade in Goods Within Multinational Companies: Survey-Based
Data and Findings for the United States of America,” BEA Papers 0033, Bureau
of Economic Analysis November 2003.

138



	DEDICATION
	ACKNOWLEDGEMENTS
	LIST OF FIGURES
	LIST OF TABLES
	ABSTRACT
	Multinational Production and Comparative Advantage
	Introduction
	Empirical Facts: MP and Comparative Advantage
	Data Description
	Sectoral Multinational Production
	Relevance of Multinational Production
	Cross-Sector Heterogeneity of Multinational Production

	MP Sales and Productivity: A Negative Relationship

	Model
	A Simple Model: Environment
	Welfare: Analytical Predictions
	Analytical Prediction 1: MP sales are disproportionately higher in comparative disadvantage sectors.
	Analytical Prediction 2: The higher the heterogeneity of MP across sectors, the higher the gains from MP.
	Analytical Prediction 3: Gains from trade are lower the more heterogeneous the technology upgrade across sectors.


	Quantitative Framework
	Estimating the Model's Parameters: T"0365Thj, Thj, ghsj, and dmhj
	Multinational Production and Trade Gravity Equations
	Estimated State of Technology: Thj and T"0365Thj


	Multinational Production and Comparative Advantage
	Local and Overall Productivity Patterns
	The Effect of MP on Comparative Advantage

	Welfare Analysis
	Model Fit
	Counterfactual 1: Gains from MP in a Multisectoral Model
	Counterfactual 2: Proportional Technology Transfer
	Counterfactual 3: Multinational Production and Non-Tradables

	Conclusion
	Appendix A: Data Description
	Multinational Production Data
	Trade and Production Data

	Appendix B: Estimated Parameters
	Appendix C: Proof of Propositions
	Proof of Proposition 1
	Proof of Proposition 2
	Proof of Proposition 3

	Appendix D: Equilibrium Solution
	Appendix E: Estimation
	Effective technology: two-step procedure


	Multinational Production and Intra-firm Trade
	Introduction
	Data
	Stylized Facts
	The Model
	Consumer Demand
	Production and Market Structure
	Mode of Entry
	Intra-firm Trade and Knowledge Transfer

	Partial Equilibrium

	Parameterization, Functional Forms, and Estimation
	Foreign Affiliate Sales: Firm-Level Gravity

	General Equilibrium
	Aggregate Sales: Gravity Equations

	Conclusion
	Appendix A: Proofs
	Appendix B: Detail Derivations

	BIBLIOGRAPHY

