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Abstract

The explosion of multinational activities in recent decades is rapidly transform-
ing the global landscape of industrial production. But are the emerging clusters of
multinational production the rule or the exception? What drives the offshore ag-
glomeration of multinational firms in comparison to the agglomeration of domestic
firms? Using a unique worldwide plant-level dataset that reports detailed location,
ownership, and operation information for plants in over 100 countries, we construct a
spatially continuous index of pairwise-industry agglomeration and investigate the pat-
terns and determinants underlying the global economic geography of multinational
firms. Our analysis presents new stylized facts that suggest the emerging offshore
clusters of multinationals are not a simple reflection of domestic industrial clusters.
Agglomeration economies including capital-good market externality and technology
diffusion play a more important role in the offshore agglomeration of multinationals
than the agglomeration of domestic firms. These findings remain robust when we
address potential reverse causality by exploring the regional pattern and process of
agglomeration.
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1 Introduction

An exponential increase in flows of goods, capital, and ideas is one of the most prominent
economic trends in recent decades. A key driver of this phenomenon is cross-border production,
investment, and innovation led by multinational corporations (MNCs). Multinational affiliate
sales as a share of world GDP have more than doubled in the past two decades.® This explosion of
MNC activity is rapidly transforming the global landscape of industrial production, precipitating
the emergence of new industrial clusters around the world. Firms that agglomerated in, for
example, Silicon Valley and Detroit now have subsidiary plants clustering in Bangalore and
Slovakia (termed, respectively, the Silicon Valley of India and the Detroit of the East).

Are the new MNC clusters the rule or the exception? What drives the current offshore
agglomeration of MNCs? Are they a simple reflection of the domestic industrial clusters? Eco-
nomic historians and regional and urban economists have long recognized the agglomeration of
economic activity as one of the most salient features of economic development. An extensive
body of research in regional economics and, more recently, in the New Economic Geography
(NEG) literature examines the distribution of population and production across space and the
economic characteristics and effects of spatial concentrations. However, relatively few studies
have investigated the emerging spatial concentrations of multinational production (MP) around
the world and their driving forces in comparison to their domestic counterparts.?

Our goal in this paper is to examine the patterns and causes of the global agglomeration of
multinational production—both offshore and at headquarters—in comparison to the agglomera-
tion of domestic firms. In contrast to domestic production, which emphasizes domestic geography
and natural advantage, multinational production stresses foreign market access and international
comparative advantage. Moreover, as highlighted in a growing literature led by Helpman, Melitz,
and Yeaple (2004) and Antras and Helpman (2004, 2008), the economic attributes and organi-
zations of multinationals are, by selection, distinctively different from those of domestic firms.
The greater revenue and productivity, vertical integration, and higher capital- and knowledge-
intensity all suggest that MNC offshore subsidiaries are likely to have agglomeration motives
different from those of domestic firms.

We first quantify the global agglomeration of multinational and domestic firms to establish
new stylized facts on how firms with different organizational forms might agglomerate differently.
We construct an index of industry agglomeration following an empirical methodology introduced
by Duranton and Overman (2005) (henceforth, DO). This index gives information on the extent
of localization by industry and the spatial scales at which it takes space. It first assesses the
distribution of distances between establishments in each industry pair (including both within-

and between-industry pairs) and then compares the distribution with the counterfactual distri-

'Source: UNCTAD, World Investment Report (2009).

2See Ottaviano and Puga (1998), Head and Mayer (2004), Ottaviano and Thisse (2004), Rosenthal and Strange
(2004), Duranton and Puga (2004), Puga (2010), and Redding (2010, 2011) for excellent reviews of these literatures.
Section 2 discusses studies in regional and international economics that are closely related to this paper.



butions of hypothetical industries. Industry pairs that exhibit greater geographic densities than
the counterfactuals are considered to exhibit significant agglomeration. In contrast to traditional
indices, which tend to define agglomeration as the amount of activity taking place in a partic-
ular geographic unit, this spatially continuous index separates agglomeration from the general
geographic concentration and is unbiased with respect to the scale of geographic units and the
level of spatial aggregation.

We quantify the global agglomeration of both multinational and domestic firms using World-
Base, a worldwide plant-level dataset that provides detailed location, ownership, and activity
information for establishments in more than 100 countries. The dataset’s detailed location and
operation information for over 43 million plants, including multinational and domestic, offshore
and headquarters establishments, makes it possible to compare the agglomeration of different
types of establishment. We use the plant-level physical location information in our data to obtain
latitude and longitude codes for each establishment and compute not only the distance but also
the trade cost that accounts for other forms of trade barriers between each pair of establishments.
We then construct the index of agglomeration based on the distance and the trade cost between
establishments.

Our analysis presents a rich array of new stylized facts that shed light on the global agglom-
eration of multinational and domestic firms. We show that MNCs follow distinctively different

agglomeration patterns offshore than their domestic counterparts:

e Across different types of plant, multinational headquarters are, on average, most agglom-

erative, followed by domestic plants and multinational foreign subsidiaries.

e The agglomeration of multinational foreign subsidiaries exhibits a low correlation with the

agglomeration of domestic plants.

e Multinational foreign subsidiaries are more agglomerative than domestic plants in capital-,

skilled-labor-, and R&D-intensive industries.

These observations indicate that the emerging offshore clusters of MNCs are not merely
a projection of the domestic clusters and the driving agglomeration forces are likely to vary
systematically from those of domestic plants and MNC headquarters.

In the second part of the paper, we further explore these findings and examine the relative
importance of two distinct categories of economic factor in the agglomeration patterns of multi-
national versus domestic firms: (i) the location fundamentals (also referred to as "first nature")
of multinational production and (ii) agglomeration economies (also known as "second nature").
The location fundamentals of MP, as stressed in the international trade literature, consist primar-
ily of foreign market access (multinationals choose to produce in large foreign markets to avoid

trade costs) and comparative advantage (multinationals produce in countries with desired factor



abundance and low factor prices).> In contrast, agglomeration economies, the study of which
dates from Marshall (1890), stress the benefits for firms of geographic proximity, including lower
transport costs between input suppliers and final good producers, labor and capital-good market
externalities, and technology diffusion. While existing studies have offered evidence of agglomer-
ation economies in domestic economic geography, little is yet known about how they influence the
global economic geography of multinationals differently from the economic geography of domestic
firms, given the multinationals’ organization structure and capital- and knowledge-intensity.

Identifying the effects of MP location fundamentals and agglomeration economies, however,
is a key challenge in the empirical analysis of economic geography. Disentangling their effects
is complicated by the difficulty of measuring them quantitatively. Moreover, their common
propensity to lead MNCs to locate next to each other makes it difficult to separate their relative
effects.

To overcome the above challenges, our empirical analysis proceeds in the following steps.
First, while we take into account both within- and between-industry agglomeration in the descrip-
tive analysis, we focus our econometric analysis on between-industry agglomeration, also called
"coagglomeration."* As noted by Ellison, Glaeser, and Kerr (2010) (henceforth, EGK), compared
to firms in the same industries, firms from different industry pairs often exhibit greater variation
in their relatedness in production, factor markets, and technology space, thereby displaying dif-
ferent agglomeration incentives.” Exploring the between-industry agglomeration of MNCs and
how it relates to pairwise industries’ variation in agglomeration incentives thus makes it possible
to separate the effects of location fundamentals and the various agglomeration economies.

Second, we construct an expected index of agglomeration to capture the effect of location
fundamentals. This index reflects the geographic distribution of MNC plants predicted exclu-
sively by country- and region-level location fundamentals of multinational production, including,
for example, market size, trade costs, comparative advantage, infrastructure, corporate taxes.

Third, controlling for the agglomeration predicted by location fundamentals and all industry-
specific factors, we examine the degree to which proxies of agglomeration forces—including
between-industry input-output linkages, similarities in labor demand and capital-good demand,

and technology linkages— explain the variations in the agglomeration index for multinational

3While comparative advantage is defined here in the context of neoclassical trade theory, other country factors
such as institutional characteristics and physical locations can also play a role in firms’ location decisions and
are sometimes considered as part of comparative advantage (see, for example, Nunn, 2007; Limao and Venables,
2002). As described in Section 5.1, our empirical specification controls for all host-country-industry-specific factors
and for regional characteristics such as education attainment, infrastructure, and tax rates when constructing the
location fundamentals of multinational production.

*We use the term "agglomeration" broadly to refer to both within- and between-industry agglomeration (the
latter sometimes referred to as "coagglomeration"). The broad usage of the term "agglomeration" is fairly common
in the literature.

SWhile location fundamentals and all agglomeration economies tend to predict spatial concentration among
firms in the same industry, their predictions of which industry pairs should agglomerate vary significantly. For
example, firms in the automobile industry may agglomerate because of both location fundamentals and any of
the agglomeration economies, but firms in the automobile and steel industries are likely to agglomerate mainly
because of their production linkages.



firms and domestic firms. To mitigate concerns about reverse causality, we construct the prox-
ies of agglomeration forces using lagged disaggregated U.S. industry account data, as it is not
very likely that the production, factor, and technology linkages of U.S. industries are a result
of worldwide MNC agglomeration patterns. We also include a vector of industry dummies to
control for all industry-specific agglomeration motives.

Our empirical analysis shows that the location fundamentals of multinational production,
although important, are not the only driving force in the patterns of MNC offshore agglom-
eration. Agglomeration economies—especially capital-good market externality and technology
diffusion—are crucial determinants of MNCs’ overseas location decisions. Further, as suggested
by the stylized patterns we first document, the relative importance of location fundamentals and
agglomeration economies varies significantly between MINC offshore subsidiaries and domestic
plants and between MNC offshore subsidiaries and MNC headquarters.

e Capital-good market externality and technology diffusion exert a stronger effect on the
agglomeration of MNCs’ foreign subsidiaries than on domestic plants in the same industry

pairs.

e Location fundamentals (including market size and comparative advantage) and labor mar-

ket externality have a stronger effect on the agglomeration patterns of domestic plants.

e Location fundamentals and capital-good market externality exert a stronger effect on the
offshore agglomeration of MNCs, while technology diffusion and labor market externality
are the leading forces behind the agglomeration of MNC headquarters. Vertical production

linkages, in contrast, matter for MNC offshore clustering only.

These findings are largely consistent with the characteristics of multinational firms. Relative
to their domestic counterparts in the same industry, MNC offshore subsidiaries are, on average,
more capital and knowledge intensive. As a result, they have stronger motives than domestic
plants to agglomerate with each other when their industries exhibit potential for capital-good
market externality and technology diffusion. Moreover, the increasing segmentation of activi-
ties within the boundary of multinational firms motivates MNC foreign subsidiaries and MNC
headquarters to follow different agglomeration patterns. In particular, the market-seeking and
input-sourcing focuses of offshore production motivates MNC foreign subsidiaries to place greater
emphasis on location fundamentals, input-output linkages, and capital-good market externalities,
while the emphasis of headquarters on knowledge-intensive activities such as R&D, management,
and services leads MNC headquarters to agglomerate for technology diffusion and labor market
externality.

To alleviate concerns of endogenous agglomeration economy measures, we also examine re-
gional agglomeration patterns from which the United States is excluded and find the results to

be robust. If U.S. domestic industry-pair relationships could be affected by the agglomeration of



MNCs in the U.S., then one would expect that the former would not be affected by the agglom-
eration of MINCs located in other regions like Europe. We also investigate not just the pattern,
but also the process of agglomeration. Exploring the dynamics in MNCs’ offshore agglomeration
sheds light on the formation of MNC clusters and mitigates the possibility of reverse causa-
tion between our measures of location fundamentals and agglomeration economies and MNCs’
agglomeration patterns.

Finally, we examine micro agglomeration patterns by constructing and exploring plant-level
agglomeration indices. Specifically, we examine how a given plant’s characteristics—such as size,
age, foreign ownership, and the number of products—and its industry’s characteristics—such as
capital intensity, skilled-labor intensity, and R&D intensity—might jointly explain the extent of
agglomeration centered around the plant. We find that the degree of agglomeration varies sharply
across plants in the same industry. Multinational plants attract significantly more agglomeration
than domestic plants in capital-, skilled-labor-, and R&D-intensive industries. The results are
consistent with the industry-level agglomeration patterns we document and suggest that multi-
national firms enjoy greater benefits from agglomeration than their domestic counterparts do for
capital- and knowledge-intensive activities.

The rest of the paper is organized as follows. Section 2 reviews the related literature. Section
3 discusses the methodology and the data with which we quantify the agglomeration of multina-
tional and domestic firms. Section 4 describes the agglomeration patterns observed worldwide
and presents the emerging stylized facts. Section 5 describes the methodology we use to measure
location fundamentals and agglomeration economies. Section 6 reports the econometric analysis
on the determinants of MNC agglomeration in comparison with the agglomeration of non-MNC
plants. Section 7 presents analyses of agglomeration patterns in Europe and the agglomera-
tion process of MNCs to address endogeneity concerns as well as plant-level results. Section 8

concludes.

2 Related Literature

Our paper builds on the extensive theoretical and empirical literature in international trade that
examines MNCs’ decision to invest abroad. Two main motives of foreign investment have been
stressed. First, firms produce overseas to avoid trade costs. This strategy, referred to as the
market-access (or tariff jumping) motive, leads firms to deploy the same production processes
across countries (see, for example, Markusen and Venables, 2000). Second, firms locate different
stages of production in countries where the intensively-used factor is abundant. This strategy
is referred to as the comparative-advantage motive (see, for example, Helpman, 1984). These
two motives, leading to horizontal and vertical FDI respectively, have been synchronized in the
knowledge-capital model developed by Markusen and Venables (1998) and Markusen (2002) and



examined in a number of empirical studies.

In this paper, we investigate the extent to which the location fundamentals of multinational
production explain the clustering of MNC offshore activities. However, we go beyond the em-
phasis on location fundamentals and introduce a separate category of factors—agglomeration
economies. An overview of the vast regional and urban economics literature evaluating the
importance of Marshallian agglomeration forces in domestic economic geography is beyond the
scope of our paper. We focus below on the empirical studies most closely related to our analysis.”

As noted earlier, a central issue in agglomeration studies is the measurement of agglom-
eration. Ellison and Glaeser’s (1997) influential paper introduces a "dartboard" approach to
construct an index of spatial concentration. The authors note that even in an industry with no
tendency for clustering, random locations may not generate regular location patterns due to the
fact that number of plants is never arbitrarily large. Their index thus compares the observed
distribution of economic activity in an industry to a null hypothesis of random location and
controls for the effect of industrial concentration, an issue that has been noted to affect the ac-
curacy of previous indices. Using Ellison and Glaeser’s (1997) index to evaluate the importance
of agglomeration forces in explaining the localization of U.S. industries, Rosenthal and Strange
(2001) find that both labor-market pooling and input-output linkages have a positive impact on
agglomeration. Overman and Puga (2009), also using Ellison and Glaeser’s (1997) index, exam-
ine the role of labor-market pooling and input sharing in determining the spatial concentration
of UK manufacturing establishments. They find that sectors whose establishments experience
more idiosyncratic employment volatility and use localized intermediate inputs are more spatially
concentrated.

The study by DO advances the literature by developing a spatially continuous concentration
index that is independent of the level of geographic disaggregation (see Section 3.1 for a detailed
description). Applying this index, EGK employ an innovative empirical approach that exploits
the coagglomeration of U.S. industries to disentangle the effects of Marshallian agglomeration
economies. Like Rosenthal and Strange (2001), they find a particularly important role for input-
output relationships.

Exploring the role of agglomeration economies in MNCs’ location patterns also relates our
paper to a literature in international trade. Several studies (see, for example, Head, Ries, and
Swenson, 1995; Head and Mayer, 2004a; Bobonis and Shatz, 2007; Debaere, Lee and Paik,

2010) have examined the role of distance and production linkages in individual multinationals’

5The work by Carr, Markusen, and Maskus (2001), Yeaple (2003a), and Alfaro and Charlton (2009), for
example, offers empirical support for both types of motives.

" Another important strand of empirical literature concerns one of the key theoretical predictions of New Eco-
nomic Geography models: factor prices should vary systematically across locations with respect to market access.
See, for example, Redding and Venables (2004) and Hanson (2005) for related empirical evidence. Among the
latest contributors to this literature are Ahlfeldt et al. (2012), who introduce a structural estimation approach
incorporating both location fundamentals and agglomeration economies. The authors combine a quantitative
model of city structure with the natural experiment of Berlin’s division and reunification and find that the model
accounts for the observed changes in factor prices and employment.



location decisions. The results of these studies, which suggest that MNCs with vertical linkages
tend to agglomerate within a host country/region, shed light on the role of vertical production
relationship in the economic geography of multinational production.

Our analysis, assessing the patterns and causes of global agglomeration with particular em-
phasis on MNCs, contributes to the literature in several ways. First, instead of examining
domestic agglomeration patterns in an individual country, our analysis offers a perspective on
the structure of industrial agglomeration at both the world and the region level.

Second, we investigate how the agglomeration of the most mobile and distinctive group of
firms—the multinationals—compare to the agglomeration of domestic firms. We re-consider
definitions of location fundamentals in the context of MNCs and develop a new quantitative
measure to capture the role of location fundamentals in MNCs’ spatial concentrations. We also
construct agglomeration indices based on estimates of trade costs between each pair of establish-
ments to account for trade barriers other than distance. Further, we evaluate how agglomeration
economies, particularly the value of external scale economies in capital goods and knowledge,
affect MNCs relative to domestic firms, given MNCs’ vertically-integrated organizational form
and large investment in capital goods and technologies.

Third, we address the potential endogeneity of location fundamentals and agglomeration
economies by exploring regional and dynamic patterns of MNCs.

Fourth, we perform an analysis of plant-level agglomeration to examine the role of plant and

industry characteristics in micro agglomeration patterns.

3 Quantifying Agglomeration: Methodology and Data

In this section, we describe the empirical methodology and data we use to quantify the global
agglomeration of multinational and domestic firms. As noted in Head and Mayer (2004b), mea-
surement of agglomeration is a central challenge in the economic geography literature. There
has been a continuous effort to designing an index that accurately reflects the agglomeration
of economic activities. One of the latest advances in this literature is Duranton and Overman
(2005), DO, who construct an index to measure the significance of agglomeration in the U. K.
DO’s index has been adapted by other studies such as EGK’s measurement of the agglomeration
of U.S. pairwise industries. We extend this index to assess and compare the degree of agglom-
eration of multinational v.s. domestic firms worldwide. In contrast to the original index’s focus
on distance as the main form of trade cost, we construct the index based on both distance and

a generalized measure of trade costs.

3.1 Econometric Methodology

The empirical procedure to construct the agglomeration index has three steps. In the first

step, we estimate an actual geographic density function for each pair of industries (including



within-industry pairs) based on the distance and the trade costs between establishments. In
the second step, we obtain counterfactual density functions based on manufacturing plants as
a whole to control for factors that affect all manufacturing plants and to compute the global
confidence bands at each threshold distance and trade cost. In the last step, we construct
the agglomeration index to measure the extent to which establishments in an industry pair
agglomerate at a threshold relative to the counterfactuals and the statistical significance thereof.
To compare global agglomeration patterns of MNC foreign subsidiaries, MNC headquarters, and

domestic plants, we repeat the procedure for each type of establishment.

Step 1: Actual geographic density function We first estimate an actual geographic density
function for each pair of industries (including within-industry pairs). Note that even when
the locations of nearly all establishments are known with a high degree of precision (as is the
case with the data we use, as described below), distance—and estimated trade cost—are only
approximations of the true trade cost between establishments. One source of systematic error,
for example, is that the travel time for any given distance might differ between low- and high-
density areas. Given the potential noise in the measurement of trade costs, we follow DO in
adopting kernel smoothing when estimating the distribution function.

Let 7;; denote either the distance or the general trade cost between establishment i and j.

For each industry pair k and k, we obtain a kernel estimator at any point 7 (ie., K,z(7)):

fi(r) = nk;h Sy ok ( }f“) 7 M

i=1 j=1

where ny and ng are the number of plants in industries k£ and E, respectively; h is the bandwidth;
and K is the kernel function. We use Gaussian kernels with the data reflected around zero and
the bandwidth set to minimize the mean integrated squared error.® This step generates a kernel
estimator for each of the 7,938 (= 126 x 126/2) manufacturing industry pairs in our data.

In addition to estimating the geographic distribution based on establishment pairs, we can
also treat each worker as the unit of observation and measure the level of agglomeration among
workers. To proceed, we obtain a weighted kernel estimator by weighing each establishment by

employment size, given by

1
pu— T~
Ry ji1 (rirj)

i (T)

n ng T — T4
Zi:klz:jilriij< h ]> (2)

where r; and 7; represent the number of employees in establishments ¢ and j, respectively. We
do this for each of the 7,938 industry pairs.

8 Although we follow DO and EGK in obtaining kernel estimators, a less computationally intensive approach
that yields similar properties would be to look at cumulative distances.



Step 2: Counterfactuals and global confidence bands To obtain counterfactual estima-
tors, we estimate the geographic distribution of the manufacturing multinationals as a whole in
order to control for factors that affect all manufacturing multinational plants. We proceed by
drawing, for each of the 7,938 industry pairs, 1,000 random samples, each of which includes two
counterfactual industries. In measuring the agglomeration patterns of MNCs, the random sam-
ples are drawn from the entire set of MNC establishment locations in manufacturing industries.”
Note that to control for the potential effect of industry concentration, it is important that the
counterfactual industry in each sample has the same number of observations as the actual data.
We then calculate the bilateral distance between each pair of establishments and obtain a kernel
estimator, unweighted or weighted by employment, for each of the 7,938,000 samples. This gives
1,000 kernel estimators for each of the 7,938 industry pairs.

We compare the actual and counterfactual kernel estimators at various distance (and cor-
responding trade cost) thresholds, including 200, 400, 800, and 1,600 kilometers (thresholds
previously considered by DO and EGK).'Y We compute the 95% global confidence band for each
threshold distance. Following DO, we choose identical local confidence intervals at all levels of
distance such that the global confidence level is 5%. We use ?kE(T) to denote the upper global
confidence band of industry pair k and k. When fi(T) > fz(7) for at least one 7 € [0,T],
the industry pair is considered to agglomerate at T' and to exhibit greater agglomeration than
counterfactuals. Graphically, it is detected when the kernel estimates of the industry pair lie

above its upper global confidence band.

Step 3: Agglomeration index We now construct the agglomeration index. Following EGK,

for each industry pair k£ and %, we obtain

agglomeration,;(T') = Zf:o max (f,7(1) — f,7(7),0) (3)

or employment-weighted
, T —w
agglomeration, (1) = E 7:0 max( () — ka(T),(]) . (4)

The index measures the extent to which establishments in industries k and k agglomerate at
threshold 7" and the statistical significance thereof. When the index is positive, the level of

agglomeration between industries k£ and k is significantly greater than that of counterfactuals.

DO’s index addresses three key issues that arise with traditional measures of agglomera-

tion, most of which have tended to equalize agglomeration with activities located in the same

9 An alternative approach would be to use all existing establishment locations, including domestic and MNC,
as the counterfactuals. This would help to control for the effect of general location factors instead of those that
affect primarily the location decisions of MNCs. In Section 6.2, we perform an analysis in that direction by
using domestic establishments as the benchmark and comparing the agglomeration patterns of MNC and domestic
plants.

10We also considered lower distance thresholds, such as 20, 50, and 100 km in Section 7.1.



administrative or geographic region (measured by number of firms or volume of production in
the region). First, the traditional measures can be strongly driven by industrial concentration.
Industries with a small number of establishments may appear agglomerative when they are not.
Second, the measures often cannot separate the geographic concentration of manufacturing in-
dustry due to location attractiveness from agglomeration. Third, previous measures, by equating
agglomeration with activities in the same region, can omit agglomerating activities separated by
administrative or geographic borders, while overestimating the degree of agglomeration within
the same administrative or geographic units. The accuracy of these measures is thus dependent
on the scale of geographic units. Ellison and Glaeser (1997) develop an index that solves the
first two problems. DO address the remaining issue of the dependence of existing measures on
the level of geographic disaggregation by developing a "continuous-space concentration index."

DO’s index thus exhibits five important properties essential to agglomeration measures. First,
it is comparable across industries and captures cross-industry variation in the level of agglomer-
ation. Second, it controls for industrial concentration within each industry. Third, its construc-
tion is based on a counterfactual approach and controls for the effect of location factors—such
as market size, natural resources, and policies—that apply to all manufacturing plants. Fourth,
by taking into account spatial continuity, the index is unbiased with respect to the scale and
aggregation of geographic units. Fifth, the index offers an indication of the statistical significance
of agglomeration.

However, the construction of this index poses two constraints. First, the index requires
detailed physical location information for each establishment. As described next, the WorldBase
dataset, supplemented by a geocoding software, satisfies this requirement. Second, the simulation
approach adopted in the empirical procedure is extremely computationally intensive, especially
for large datasets and analysis of pairwise-industry agglomeration. Constructing the index for

different types of establishment further increases the computational burden.

3.2 Data: The WorldBase Database

Our empirical analysis uses a unique worldwide establishment dataset, WorldBase, that covers
more than 43 million public and private establishments in more than 100 countries and territories.
WorldBase is compiled by Dun & Bradstreet (D&B), a leading source of commercial credit and
marketing information since 1845. D&B—presently operating in over a dozen countries either
directly or through affiliates, agents, and associated business partners—compiles data from a
wide range of sources including public registries, partner firms, telephone directory records, and
websites.!! All information collected by D&B is verified centrally via a variety of manual and

automated checks.!2

"For more information, see: http://www.dnb.com/us/about/db_database/dnbinfoquality.html. The dataset
used in this paper was acquired from D&B with disclosure restrictions.

2Farly uses of D&B data include, for example, Lipsey’s (1978) comparisons of the D&B data with existing
sources with regard to the reliability of U.S. data. More recently, Harrison, Love, and McMillian (2004) use D&B’s
cross-country foreign ownership information. Other research that has used D&B data includes Rosenthal and

10



Cross-Country Coverage and Geocode Information D&B’s WorldBase is, in our view,
an ideal data source for the research question proposed in this study. It offers several advan-
tages over alternative data sources. First, its broad cross-country coverage enables us to examine
agglomeration on a global and continuous scale. Examining the global patterns of agglomera-
tion allows us to offer a systematic perspective that takes into account nations at various stages
of development. Viewing agglomeration on a continuous scale is important in light of the in-
creasing geographic agglomeration occurring across regional and country borders. Examples of
cross-border clusters include the metalworking and electrical-engineering cluster involving Ger-
many and German-speaking Switzerland; an electric-machinery cluster involving Switzerland and
Italy; a biotech cluster spreading across Germany, Switzerland, and France; an automobile indus-
try cluster that crosses the border of Germany and Slovakia; the Ontario-Canada-Michigan-US
(Windsor-Detroit) auto cluster; and the Texas-Northeastern-Mexico cluster. Table A.1 shows
that more than 20 percent of pairs of multinational plants that are within 200 km of each other
are in different countries. The percentage rises to 40 percent at 400 km. This is not surpris-
ing given countries’ growing participation in regional trading blocs and the rapid declines in
cross-border trade costs.

Second, the database reports detailed information for multinational and non-multinational,
offshore and headquarters establishments. This makes it possible to compare agglomeration
patterns across different types of establishment and to investigate how the economic geography
of production evolves with forms of firm organization.

Third, the WorldBase database reports the physical address and postal code of each plant,
whereas most existing datasets report business registration addresses. The physical location
information enables us to obtain precise latitude and longitude information for each plant in the
data and compute the distance as well as trade cost between each establishment pair. Existing
studies have tended to use distance between administrative units, such as state distances, as a
proxy for distance of establishments. In doing so, establishments proximate in actual distance but
separated by administrative boundaries (for example, San Diego and Phoenix) can be considered
dispersed. Conversely, establishments far apart but still in the same administrative unit (for
example, San Diego and San Francisco) can be counted as agglomeration.

We obtain latitude and longitude codes for each establishment using a geocoding software
(GPS Visualizer). This software uses Yahoo’s and Google’s Geocoding API services, well known
as the industry standard for transportation data. It provides more accurate geocode information
than most alternative sources. The geocodes are obtained in batches and verified for precision.
We apply the Haversine formula to the geocode data to compute the great-circle distance be-
tween each pair of establishments. To account for other forms of trade barriers, such as border,

language, and tariffs, we further obtain in Section 6.4 an estimated measure of trade cost between

Strange’s (2003) analysis of micro-level agglomeration in the United States; Acemoglu, Johnson, and Mitton’s
(2009) cross-country study of concentration and vertical integration; and Alfaro and Charlton’s (2009) analysis of
vertical and horizontal activities of multinationals.
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each pair of plants based on conventional gravity-equation estimations. The distance and the
trade cost information are then both used to construct an index of agglomeration following the

empirical methodology described in Section 3.1.

MNC and Domestic Establishment Data Our empirical analysis is based on MNC offshore
subsidiaries, MNC headquarters, and domestic plants in 2005.!> WorldBase reports, for each
establishment in the dataset, detailed information on location, ownership, and activities. Four
categories of information are used in this paper: (i) industry information including the four-
digit SIC code of the primary industry in which each establishment operates; (ii) ownership
information including headquarters, domestic parent, global parent, status (for example, joint
venture and partnership), and position in the hierarchy (for example, branch, division, and
headquarters); (iii) detailed location information for both establishment and headquarters; and
(iv) operational information including sales, employment, and year started.

An establishment is deemed an MNC foreign subsidiary if it satisfies two criteria: (i) it
reports to a global parent firm, and (ii) the headquarters or the global parent firm is located in
a different country. The parent is defined as an entity that has legal and financial responsibility

14

for another establishment We drop establishments with zero or missing employment values

and industries with fewer than 10 observations.!®

Our final sample includes 32,427 MNC offshore manufacturing plants. Top industries include
Electronic Components and Accessories (367), Miscellaneous Plastics Products (308), Motor
Vehicles and Motor Vehicle Equipment (371), General Industrial Machinery and Equipment
(356), Laboratory Apparatus and Analytical, Optical, Measuring, and Controlling Instruments
(382), Drugs (283), Metalworking Machinery and Equipment (354), Construction, Mining, and
Materials Handling (353), and Special Industry Machinery except Metalworking (355). Top host
countries include China, the United States, the United Kingdom, Canada, France, Poland, the
Czech Republic, and Mexico.

To examine the coverage of our MNC establishment data, we compared U.S. owned sub-
sidiaries in the WorldBase database with the U.S. Bureau of Economic Analysis’ (BEA) Direct
Investment Abroad Benchmark Survey, a legally mandated confidential survey conducted every
five years that covers virtually the entire population of U.S. MNCs. The comparison revealed
similar accounts of establishments and activities between the two databases. We also compared
WorldBase with UNCTAD’s Multinational Corporation Database. These two databases differ in

13In Section 6, when comparing the agglomeration patterns of MNC and non-MNC plants, we expand the
analysis to include domestic firms.

MThere are, of course, establishments that belong to the same multinational family. Although separately
examining the interaction of these establishments is beyond the focus of this paper, we expect the Marshallian
forces to have a similar effect here. For example, subsidiaries with an input-output linkage should have incentives
to locate near one another independent of ownership. See Yeaple (2003b) for theoretical work in this area and Chen
(2011) for supportive empirical evidence. One can use a similar methodology (estimating geographic distributions
of establishments that belong to the same firm and comparing them with distributions of counterfactuals) to study
intra-firm interaction (see Duranton and Overman, 2008).

5Requiring positive employment helps to exclude establishments registered exclusively for tax purposes.
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that the former reports at the plant level and the latter at the firm level. For the U.S. and other
major FDI source countries, the two databases report similar numbers of firms, but WorldBase
contains more plants. See Alfaro and Charlton (2009) for detailed discussion of the WorldBase
data and comparisons with other data sources.

Measuring the agglomeration of all domestic manufacturing plants worldwide is infeasible
given the size of the WorldBase dataset and the computational intensity of the procedure. Con-
sequently, we adopt a random sampling strategy to keep the analysis feasible. For each SIC
3-digit industry with more than 1,000 observations, we obtain a random sample of 1,000 plants.
For industries with fewer than 1,000 observations, we include all domestic plants. This yields a

final sample of 127,897 domestically owned plants.

4 The Global Agglomeration of MINCs and Domestic Plants:
Stylized Facts

In this section, we examine various properties of the agglomeration indices for MNCs and domes-
tic plants—including all within- and between-industry pairs—and present a number of stylized
facts that emerge from the agglomeration patterns.

First, in Table 1 which shows descriptive statistics of the agglomeration indices for MNC
foreign subsidiaries, domestic plants, MNC subsidiary workers, and MNC headquarters, we note
that multinational headquarters exhibit, on average, the highest agglomeration index. At 200 km,
the average value of the agglomeration index, reflecting the average degree of pairwise-industry
agglomeration (relative to the global confidence band), is 0.140 percent for MNC headquarters,

0.102 percent for domestic plants, and 0.099 percent for MNC foreign subsidiaries.'®

[Table 1 about here]

In contrast, MNC subsidiaries, measured in terms of either individual subsidiaries or workers,
have the lowest agglomeration index among the different types of plant; the average value at the
200 km level is close to 0.1 percent, with the maximum value reaching 3.06 percent. At the more
aggregate 400 km level, the average value increases to 0.22 percent, with the maximum reach-
ing 6.63 percent. Industry pairs that exhibit some of the highest offshore agglomeration index
values, reported in Table A.3, include Footwear except Rubber (314) and Boot and Shoe Cut
Stock and Findings (313); Knitting Mills (225) and Footwear except Rubber (314); Dolls, Toys,

The average values all rise substantially—to 0.48 percent for MNC headquarters, 0.35 percent for domestic
plants, and 0.33 percent for MNC foreign subsidiaries—when we censor the data on only those industry pairs
with significant positive agglomeration indices. Note, further, that as noted by DO, the absolute scale of the
agglomeration index is driven by the geographic scope of the dataset and the empirical methodology and has
relatively little meaning. Because we take into account the distance of all establishment pairs worldwide (the
maximum distance being around 20,000 km), kernel estimates at each distance level will be low. Adoption of
the Monte Carlo approach also means that the indices are constructed based on differences from the 95% global
confidence bands and a positive value represents statistically significant evidence of agglomeration.
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Games (394) and Sporting and Athletic and Footwear except Rubber (314); Miscellaneous Pub-
lishing (274) and Paperboard Mills (263); and Miscellaneous Publishing (274) and Miscellaneous
Transportation Equipment (379).

The differences in agglomeration intensity across different types of plant, summarized as our
first stylized fact, are consistent with the knowledge capital theory of multinational firms (see
Markusen, 2002), which predicts that MNC headquarters should concentrate in skilled-labor-
abundant countries and subsidiaries should be dispersedly distributed across host regions based
on markets and comparative advantages. Our finding also lends empirical support to theoretical
predictions in urban economics which suggest greater clustering of headquarters relative to that

of manufacturing plants (see, for example, Duranton and Puga, 2005).

Stylized Fact 1: Across different types of plant, multinational headquarters are, on average,

most agglomerative, followed by domestic plants and multinational foreign subsidiaries.

In Table A.2, we present descriptive statistics for within- and between-industry agglomeration
indices, respectively. We find that (i) stylized fact 1 holds for both within- and between-industry
pairs; and (i) firms in the same industry are more agglomerative than firms from different
industries. The latter observation is consistent with the expectation noted in both EGK and
our paper that location fundamentals and various agglomeration economies all motivate firms
in the same industry to agglomerate with each other whereas firms from different industry pairs
exhibit greater variation in their relatedness in production, factor markets, and technology space,
thereby displaying weaker average agglomeration incentives.

Next, we examine in Table 2 the correlations of agglomeration indices across different types of
plant. Comparing the index of MNC agglomeration with that of domestic plants, we find that the
correlation of the MNC-foreign-subsidiary and the domestic-plant agglomeration indices is 0.2
at 200 km, suggesting that multinational and non-multinational plants exhibit sharply different
spatial patterns. Specifically, the index is higher for domestic plants in about half of industry
pairs at 200 km. The agglomeration patterns of MNC headquarters and foreign subsidiaries are
correlated with a higher coefficient of 0.41 at 200 km, implying that while, for some industry pairs,
the clusters of MNC subsidiaries resemble those of headquarters, for other industry pairs, the two
types of establishment exhibit distinctly different agglomeration patterns. These observations,
summarized in stylized fact 2, indicate that the emerging offshore clusters of MNCs are not merely
a projection of the domestic clusters. The driving forces of MNCs’ offshore agglomeration are
likely to vary from those of domestic plants and MNC headquarters, as we explore in Section
6.17

[Table 2 about here]

17Similarly, the correlations do not change significantly when we drop within-industry agglomeration indices
(which consist of 126 observations).
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Stylized Fact 2: The agglomeration of multinational foreign subsidiaries exhibits a low corre-

lation with the agglomeration of domestic plants.

Now we explore whether differences in multinational and domestic plants’ agglomeration
patterns exhibits any relationship with industry characteristics such as capital intensity, skilled-
labor intensity and R&D intensity.'®

In Figure 1, we plot the distributions of pairwise-industry agglomeration densities for multi-
national foreign subsidiaries and domestic plants, respectively. We find that for industries with
greater than median levels of capital intensity, the distribution shifts rightward for multinational
foreign subsidiaries compared to domestic plants. This pattern is similarly observed for industries
with greater than median levels of skilled-labor intensity and R&D intensity: in skilled-labor and
R&D intensive industries, the distribution of multinational foreign subsidiaries’ agglomeration
densities dominates the distribution of domestic plants.”

We also plot the distribution of agglomeration densities at the plant level, for multinational
foreign subsidiaries and domestic plants, respectively. We compute a agglomeration density
for each plant—following the methodology in Section 3.1—to measure the degree to which a
plant is proximate to other plants (from both the same and other industries). The plant-level
densities are then demeaned by industry averages to ensure within-industry comparisons. Similar
to industry-level patterns, we show in Figure 2 that multinational foreign subsidiaries exhibit
greater agglomeration than their domestic peers in capital-, skilled-labor-, and R&D-intensive
industries.

These findings, summarized as our stylized fact 3, suggest that in industries with high capi-
tal, skilled-labor, and R&D requirements, MNCs—which tend to be more productive and more
capital- and knowledge-intensive than domestic firms in the same industry—are more likely to
provide as well as derive benefits of capital market externality and technology diffusion—than

their domestic peers—and thus are more likely to cluster with each other offshore.

Stylized Fact 3: Multinational foreign subsidiaries are more agglomerative than domestic plants

in capital-, skilled-labor-, and Ré D-intensive industries.

5 Measuring MP Location Fundamentals and Agglomeration

Economies

After presenting stylized facts of the agglomeration indices, we now turn to economic factors that

could systematically account for the observed agglomeration patterns of MNCs. Incorporating

18We use the NBER-CES Manufacturing Industry Database to construct each industry’s capital and skilled-
labor intensities, which are defined as, respectively, the ratio of investment and of non-production workers’ payroll
to value added. Each industry’s R&D intensity is measured using the median firm’s ratio of R&D expenditure
relative to value added based on the COMPUTSTAT database.

9The pattern, again, does not change when within-industry agglomeration indices are excluded.
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multinational firm theories with the literature of economic geography, the location decisions
of multinational firms can be viewed as a function of two categories of factors. One consists of
location fundamentals of MP—such as market access and comparative advantage—that motivate
MNCs to invest in a given country; the other consists of agglomeration forces including (i) vertical
production linkages, (ii) externality in labor markets, (iii) externality in capital-good markets,
and (iv) technology diffusion. We describe below how each of these factors is measured in the

empirical analysis.

5.1 MP Location Fundamentals

We construct a measure of MP location fundamentals by incorporating an empirical approach
from the multinational firm literature with the agglomeration index methodology and invoking

a two-step procedure.

Step 1: Estimating MNC activity predicted by location fundamentals In the first
step, we seek to obtain estimates of multinational activity predicted by location fundamentals
including market size, trade cost, comparative advantage, natural advantage and etc. To obtain
such estimates, we consider two alternative specifications.

In the first specification, we estimate a conventional empirical equation following Carr,
Markusen and Maskus (2001), Yeaple (2003a), and Alfaro and Charlton (2009). Using a con-
ventional empirical specification enables us to assess how MP location fundamentals commonly
stressed by previous studies affect MNCs’ agglomeration patterns. Specifically, we consider the

following specification:

Yeok = Y0 +imarketsize size.z + yedistanceqs + y3skill _dif foz
+yaskill _dif fez x skillintensityy, + vstarif fox + vetarif faep + +pick + i, + e (D)

where y.z denotes either the number or the total employment of subsidiaries in country ¢ and
industry k£ owned by MNCs in country ¢, marketsize _ave.s is the average market size proxied
by the average GDP of the home and host countries,?? distance. is the distance, skill dif f.z
represents the difference in skill endowment, measured by average years of schooling, between
the home and the host countries (i.e., skillz — skill.), skillintensityy, is the skilled-labor inten-
sity proxied by share of non-production workers in total payroll for each industry, tarif f.z and
tarif fz.. are the levels of tariff set by the host country ¢ on the home country ¢ and vice versa in
industry k, and €. are the residuals. In addition to the above variables, host-country character-
istics such as institutional and physical infrastructure could also affect multinationals’ location

21

decisions.”  We therefore include vectors of country-industry dummies, pq; and pZ, to con-

20Tn addition to GDP, we consider market potential which is the sum of domestic and distance-weighted export
market sizes of the home and host countries.
21 As noted by Helpman (2006), firms’ sorting patterns and organization choices are dependent on the charac-
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trol for all country-industry specific factors such as institutional quality, physical infrastructure,
domestic industry size, and economic policies.??

We obtain GDP data from the World Bank’s WDI database, distance from the CEPII Gravity
dataset, education information from Barro and Lee (2000), and tariff data from the TRAINS
database. All host-country characteristics are lagged by 5 years to mitigate reverse causality.
We estimate Equation (5) using Poisson quasi-MLE (QMLE).?? If market access is a significant
motive in MNCs’ investment decisions, we expect the effects of host-country market size and
trade cost (measured by distance and tariff) to be positive; that is, v3 > 0, 72 > 0, and 5 > 0.
If comparative advantage is a significant motive, we expect the effect of trade cost to be negative
and the effect of difference in skilled labor endowment to be negative for unskilled-labor intensive
industries; that is, 72 < 0, 74 > 0, 75 < 0, and 7 < 0. Our estimates are largely in line with
the literature (see, for example, Yeaple, 2003a; Alfaro and Charlton, 2009). Consistent with
the market access motive, MNCs are found to be more likely to invest in countries with a
larger market size (y; > 0). Consistent with the comparative advantage motive, we found that
(i) MNCs are more likely to invest in unskilled-labor abundant countries (v < 0), especially
in unskilled-labor intensive industries (74 > 0), and (ii) trade cost exerts a negative effect on
MNCs’ investment decisions (2 < 0 and 75 < 0).2*

Based on the estimates of Equation (5), we obtain and sum, for each host country ¢ and
industry k, the values of y.g predicted by market access and comparative advantage factors.
To construct predicted MNC activities at a more disaggregated location level, we use the actual
share of multinationals in each city to capture cross-city variations in attractiveness (for example,
port access and favorable industrial policies). Multiplying the actual share by yz, gives ysi for
each city s and industry k.

In an alternative specification, we directly estimate MNC activity at a disaggregated region
level. To proceed, we re-consider Equation (5) to examine MNC activity at the region, rather
than the country, level and include a series of regional characteristics, such as market size, natural
and comparative advantages, and infrastructure, as additional regressors to capture the effect of
regional location fundamentals. The main advantage of this specification is that we can examine

the role of regional characteristics in MNCs’ location decisions, instead of relying on the role of

teristics of the firms and on the contractual environment (see, for example, Antras, 2003; Grossman and Helpman,
2002). Empirical evidence also suggests that institutional development (such as the rule of law and intellectual
property rights) exerts a positive effect on the receipt of foreign investment (see Bénassy-Quéré, Coupet, and
Mayer, 2007; Alfaro, Kalemli-Ozcan, and Volosovych, 2008, among others).

*2Note that the effect of agglomeration forces such as the size of upstream and downstream industries is controlled
for in equation (5) by country-industry dummies.

?3GQantos Silva and Tenreyro (2006) point out that Poisson QMLE can be more attractive than least-square
estimators when the variance of the error term is a function of the covariates, in which case the conditional
expectation of the logged error term in the log-form estimation equation will not be zero. Head and Ries (2008)
further show that estimates produced with this method are smaller than the least-square estimates and remarkably
robust to the treatment of zeros and missing values. Following Helpman et al. (2008), we also considered a two-
step Heckman selection procedure in which we estimated, respectively, the decision to trade and volume of trade;
the results were similar.

24 Results are suppressed because of space considerations but are available upon request.

19



country characteristics alone and then using a region’s share of MNCs as a proxy for regional
attractiveness.

The disadvantage of this specification, however, is the difficulty to obtain disaggregated
regional data for a wide sample of countries. We searched extensively for regional economic data
across countries and, in the end, compiled a detailed database of regional characteristics from a
number of national sources. For most countries, we were constrained to obtaining information at
primarily the state or province level. Specifically, for countries including, for example, the U.S.,
Australia, Brazil, Canada, China, Japan, Mexico, and South Korea, we used state/province data.
For Europe, the data was compiled from the Eurostat Regional Database at the NUTS 2 level of
disaggregation, both to compare with other countries and for availability reasons. Because of data
availability constraints, the regional characteristics systematically available across countries and
included in our final sample are income, schooling (percentage of labor with tertiary education),
infrastructure (roadways, ports, and airports), and taxes, all measured in 2004 or the closest
year available (to mitigate causality concerns).?’

Based on this database, we estimate the following equation:

Yezsk = Yo + yimarketsize sizeqz + yadistanceqs + vaskill _dif fezs
+ yaskill _dif fozs X skillintensityy + vstarif fea + Yetarif foer (6)
+ Yrtazss + ysroadwayzs + Yoportzs + y10airportzs + fiek + ﬂlgk + Ecak-

where .z, now denotes either the number or the total employment of subsidiaries in country
¢’s region s and industry k& owned by MNCs in country ¢, skill dif f.z represents the differ-
ence in skill endowment—measured by percentage of labor with tertiary education—between the
home country and the host region (i.e., skillz — skill.), taxz is the region’s corporate tax level,
roadwayg, is the length of roadway in each region s, and portz, and airports, are, respectively,
binary indicators of ports and airports in the region. Again, we estimate the equation using
Poisson quasi-MLE (QMLE) and find estimated parameters to be largely similar to the results
from the first specification. In addition, we find regional skill level and infrastructure character-
istics to matter significantly in multinationals’ location decisions. Based on the estimates, we

then obtain and sum, for each host country ¢, region s, and industry k, values of ¥z, predicted

25The U.S. data was collected at the state level. Population and education attainment data were collected from
the U.S. Census; GDP and income/compensation statistics were collected from the Bureau of Economic Analysis;
roadway statistics were from the Federal Highway Administration; employment data was collected from the Bureau
of Labor Statistics. Australian data was compiled from the Australian Bureau of Statistics (ABS) at the state
level. Canadian data was obtained from Statistics Canada at the provincial level. Chinese statistics were taken
from the Population Census and the CEIC Data at the provincial level. Brazilan data was obtained from the
Instituto Brasileiro de Geografia e Estatistica (IBGE) at the state level. Mexican data was collected from the
Instituto Nacional de Estadistica y Geografia (INEGI) at the state level. South Korean data was collected from
the Korean Statistical Information Service (KOSIS), at the provincial level. Japanese statistics were collected from
the Statistics Bureau of Japan at the prefecture level. The remaining data is at the national level, collected from
sources including the World Bank. All port data was from World Port Source, and tax rates were compiled from
Ernst and Young, Deloitte, KPMG, and the World Bank’s Doing Business report.
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by the market access, comparative advantage, and infrastructure variables.

Step 2: Constructing the expected geographic density In the second stage, we repeat
Step 1 of DO’s procedure to obtain a geographic distribution function for each pair of industries
k and k. We use the predicted levels of MNC activity (either the predicted number or total
employment of MNCs) in each region and industry (i.e., ysx and 7) obtained from Step 1 as
the weight when estimating the kernel function. This generates, for each pair of industries,
an expected geographic density function based exclusively on the estimated effects of location
characteristics. In Section 6, we compare the role of these characteristics to the roles of of

agglomeration forces in determining the spatial patterns of multinational firms.

5.2 Agglomeration Economies

In addition to the location fundamentals of MP, agglomeration economies, too, can affect multi-
nationals’ location choices. The advantage of proximity can differ dramatically between multina-
tional and domestic firms and between MNC foreign subsidiaries and domestic headquarters. For
instance, multinationals often incur substantial trade costs in sourcing intermediate inputs and
reaching downstream buyers. They also face significant market entry costs when relocating to a
foreign country because of factors such as limited supplies of capital goods. Further, given their
technology intensity, MNCs can find the technology diffusion from closely linked industries par-
ticularly attractive. We discuss below the role of each agglomeration economy in multinational

firms’ location choices and the proxies used to represent each force.

Vertical production linkages Marshall (1890) argued that transportation costs induce plants
to locate close to inputs and customers and determine the optimal trading distance between sup-
pliers and buyers. This can be especially true for MNCs, given their large volumes of sales and
intermediate inputs.?® Compared to domestic firms, multinationals are often the leading corpo-
rations in each industry. Because they tend to be the largest customers of upstream industries
as well as the largest suppliers of downstream industries, the input-output relationship between
MNCs (for example, Dell and Intel; Ford and Delphi) can be far stronger than that between
average domestic firms.?”

To determine the importance of customer and supplier relationships in multinationals’ ag-

glomeration decisions, we construct a variable, IOlinkage, >, to measure the extent of the input-

kK>
output relationship between each pair of industries. We use the 2002 Benchmark Input-Output
Data (specifically, the Detailed-Level Make, Use and Direct Requirement Tables) published by

the Bureau of Economic Analysis, and define IOlinkage,; as the share of industry k’s inputs

260For FDI theoretical literature in this area, see, for example, Krugman (1991), Venables (1996), and Markusen
and Venables (2000).

*THead, Ries, and Swenson (1995) note, for example, that the dependence of Japanese manufacturers on the
"just-in-time" inventory system exerts a particularly strong incentive for vertically linked Japanese firms to ag-
glomerate abroad.
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that come directly from industry k and vice versa. These shares are calculated relative to all
input-output flows including those to non-manufacturing industries and final consumers. As sup-
plier flows are not symmetrical, we take either the maximum or the mean of the input and output
relationships for each pair of industries, which, as shown in Table A.5, are highly correlated. We
used the mean values in our analysis, but obtained similar results when we used the maximum

measure.

Externality in labor markets Agglomeration can also yield benefits through external scale
economies in labor markets. Because firms’ proximity to one another shields workers from the
vicissitudes of firm-specific shocks, workers in locations in which other firms stand ready to hire
them are often willing to accept lower wages.?® Externalities can also occur as workers move from
one job to another. This is especially true between MNCs which are characterized by similar skill
requirements and large expenditures on worker training. MNCs can have a particularly strong
incentive to lure workers from one another because the workers tend to receive certain types of
training (business practices, business culture, and so on) that are well suited for working in most
multinational firms.?”

To examine labor market pooling forces, we follow EGK in measuring each industry pair’s
similarity in occupational labor requirements. We use the Bureau of Labor Statistics’ (BLS)
2006 National Industry-Occupation Employment Matrix (NIOEM), which reports industry-level
employment across detailed occupations (such as Assemblers and Fabricators; Metal Workers
and Plastic Workers; Textile, Apparel, and Furnishings Workers; Business Operations Specialists;
Financial Specialists; Computer Support Specialists; and Electrical and Electronics Engineers).
We convert occupational employment counts into occupational percentages for each industry,
map the BLS industries to the SIC3 framework, and measure each industry pair’s labor similarity,
labor, 7, using the correlation in occupational percentages.

Externality in capital-good markets External scale economies can also arise in capital-
good markets. This force has particular relevance to multinational firms given their large involve-
ment in capital-intensive activities. Geographically concentrated industries offer better support
to providers of capital goods (such as producers of specialized components and providers of ma-
chinery maintenance) and reduce their risk of investment (due, for example, to the existence
of resale markets).?" Local expansion of capital-intensive activities can consequently lead to

expansion of the supply of capital goods, thereby reducing the cost of capital goods.

28 This argument has been formally considered in Marshall (1890), Krugman (1991), and Helsley and Strange
(1990). Rotemberg and Saloner (2000), for a related motivation, argue that workers can benefit because multiple
firms offer protection against ex-post appropriation of investments in human capital.

29The flow of workers can also lead to technology diffusion, another Marshallian force discussed below.

30 Agglomeration can also create costs, for example, by increasing labor and land prices. Like benefits, these costs
can be greater for industries with similar labor and capital-good demand, in which case the estimated parameters
of the variables would represent the net effect of similar factor demand structures on agglomeration decisions.
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To evaluate the role of capital-good market externalities, we construct a new measure of
industries’ similarity in capital-good demand—in a spirit similar to the measure of industries’
similarity in labor demand—using capital flow data from the Bureau of Economic Analysis
(BEA). The capital flow table (CFT), a supplement to the 1997 benchmark input-output (I-
O) accounts, shows detailed purchases of capital goods (such as motors and generators, textile
machinery, mining machinery and equipment, wood containers and pallets, computer storage
devices, and wireless communications equipment) by using industry. We compute—for each
using industry—the share of investment in each capital good and then measure each industry
pair’s similarity in capital-good investment, denoted by capitalgood, ;, using the industry pair’s
correlation in investment shares.?!

Technology diffusion A fourth motive relates to the diffusion of technologies. Technology
can diffuse from one firm to another through movement of workers, interaction between those
who perform similar jobs, or direct interaction between firms through technology sourcing. This
has been noted by Navaretti and Venables (2006), who predict that MNCs may benefit from
setting up affiliates in proximity to other MNCs with advanced technology. The affiliates can
benefit from technology spillovers, which can then be transferred to other parts of the company.

To capture this agglomeration force, we construct a proxy of technology diffusion frequently
considered in the knowledge spillover literature (see, for example, Jaffe et al., 2000; EGK),
using patent citation flow data taken from the NBER Patent Database. The data, compiled
by Hall et al. (2001), includes detailed records for all patents granted by the United States
Patent and Trademark Office (USPTO) from January 1975 to December 1999. Each patent
record provides information about the invention (such as technology classification and citations
of prior art) and about the inventors submitting the application (such as name and city). We
construct the technology diffusion variable, that is, technology,;, by measuring the extent to

32 In practice,

which technologies in industry k cite technologies in industry k, and vice versa.
there is little directional difference in technology,; due to the extensive number of citations
within a single technology field. We obtain both maximum and mean for each set of pairwise
industries. We used the mean values in our analysis, but obtained similar results when using the

maximum measure.

Constructing the proxies of agglomeration economies using the U.S. industry-level account
data is motivated by three considerations. First, compared to firm-level input-output, factor
demand, or technological information (which is typically unavailable), industry-level production,

factor and technology linkages reflect standardized production technologies and are relatively

31Note that this measure captures a different dimension of industry-pair relatedness than vertical production
linkages. Unlike vertical production linkages, industry-pair correlations in capital-good demand reflect industry
pairs’ similarity in capital-good demand and, thus, scope for externality in capital-good markets.

32The concordance between the USPTO classification scheme and SIC3 industries is adopted in the construction
of the variable.
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stable over time, limiting the potential for the measures to endogenously respond to MNC ag-
glomeration. Second, using the U.S. as the reference country while our analysis covers multi-
national activity around the world further mitigates the possibility of endogenous production,
factor, and technology linkage measures, even though the assumption that the U.S. production
structure carries over to other countries could potentially bias our empirical analysis against
finding a significant relationship. Third, the U.S. industry accounts are more disaggregated than
those of most other countries, enabling us to dissect linkages between disaggregated product
categories.

Table A.4 reports the summary statistics of industry-level control variables. Table A.5
presents the correlation matrix. As shown, the proxies of agglomeration economies have very
low correlations. For example, the correlation between industry-pair production linkage and
similarity in capital-good demand is about 0.19 and the correlation between production linkage
and technology diffusion is 0.29. This suggests that industry pairs exhibit significant variation
in their relatedness in inputs, labor, capital-goods and technology. Industry pairs with strong
input-output linkages often have weak linkages in capital goods and technology. This provides

us a key source of variation for disentangling the effects of agglomeration economies.

6 Assessing the Roles of MP Location Fundamentals and Ag-

glomeration Economies

We now examine the roles of location fundamentals and agglomeration economies in explaining
the pairwise-industry agglomeration of MNCs and how the effects might differ across multina-
tional foreign subsidiaries, domestic plants, and multinational headquarters.

Formally, we estimate the following empirical specification:

agglomeration,;(T') = ak + B1fundamentals, ; (7)

+ B2l Olinkage, ;. + Bslabor, i + Bacapitalgood, + + Bstechnology,; + €ij,

where agglomerationkE(T) is the agglomeration index of industry pairs k£ and k at threshold dis-
tance T (relative to the counterfactuals) and the right-hand side includes (i) the agglomeration
patterns predicted by MP location fundamentals ( fundamentalskz) based on the two specifica-
tions considered in Section 5.1, and (ii) proxies for agglomeration forces described in Section 5.2
consisting of input-output linkages (IOlinkage,;), labor- and capital-good market similarities
(labor,z and capitalgood,7), and technology diffusion (technology,z)-

Note that since our proxies of agglomeration forces are constructed based on the different
degrees of relatedness (such as labor- and capital-good-demand correlations) between each pair
of industries, they exhibit little or no variation for within-industry pairs (for example, labor =
and capitalgood, z—labor- and capital-good-demand correlations—would equal 1 for all k = %)

As a result, estimating Equation (7) for within-industry pairs (which would yield a sample of
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126 observations) is not meaningful and we thus exclude those pairs in the econometric analysis
after accounting for their patterns in earlier sections.®?

In addition to the location fundamentals and the agglomeration economies considered above,
other industry-specific factors such as climate requirement could also affect multinational ag-
glomeration. We control for these factors with an industry fixed effect. Specifically, we include
ag, a vector of industry dummies that takes the value of 1 if either industry & or k corresponds
to a given industry and 0 otherwise. These industry dummies control for all industry-specific

factors and agglomeration patterns.

6.1 MNC Offshore Agglomeration

We consider first the agglomeration of MNC foreign subsidiaries. Table 3 reports the regression
results based on the first specification of location fundamentals. Agglomeration forces including
vertical production linkages, capital-good market correlation, and technology diffusion all play a
significant role and display the expected signs.?* For example, at 200 km a 100-percentage-point
increase in the level of technology diffusion—that is, the percentage of patent citations between
two industries—leads to a 0.6-percentage-point increase in the agglomeration index between
industries. This is equivalent to increasing the average (0.2) by a factor of 3. The location
fundamental variable is significant at 1600 km, influencing the spatial patterns of MNCs at a

relatively aggregate geographic level.
[Table 3 about here]

The lower panel of Table 3 reports the normalized beta coefficients.?® Comparing the stan-
dardized coefficients of agglomeration forces, we find the effects of technology diffusion and
capital-good market correlation to outweigh that of vertical production linkages, which suggests
that, given the technology- and capital-intensive characteristics of multinational firms, it is im-
portant to take into account not only vertical production linkages but also technology diffusion
and capital-good market externality in explaining MNCs’ offshore agglomeration. The parameter

of labor-market correlation is insignificant in the multivariate regressions.

33In a robustness check, we included both within-industry and between-industry pairs in regressions and found
the main results to be qualitatively similar to those reported in this section. This suggests that variations between
industry pairs are a key source of variation for disentangling the roles of location fundamentals and various
agglomeration forces.

34Tn univariate regression results for each of our main variables, all the agglomeration variables were highly
significant across the different distance threshold levels. The estimated effects also exhibited the expected signs.
Across agglomeration forces, capital-good market correlation had the greatest impact across all distance thresholds,
followed by labor-demand correlation, technology diffusion, and production linkages. Tables showing univariate
results are suppressed from the paper due to space considerations but available upon request.

35 Standardized coefficients enable us to compare the changes in the outcomes associated with the metric-free
changes in each covariate.

30Excluding the capital-good market correlation variable, we found the technology diffusion and production
linkage variables to remain positive and significant and the labor correlation coefficient to remain insignificant.
This result suggests that the capital-good variable is capturing agglomeration incentives not represented by the
other variables.
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Comparing the estimates across distance thresholds, we find that at more aggregate ge-
ographic levels, the impact of technology diffusion diminishes and the effect of capital-good
market externalities rises while the role of vertical production linkages remains mostly constant.
The stronger effect of technology diffusion at shorter distance levels suggests that, compared
to the other agglomeration economies, benefits from technology diffusion tend to be localized
geographically. We also considered excluding the location fundamental variable and found that
the coefficients and statistical significance of the agglomeration forces remain largely unchanged.

Estimation results based on the second, regional specification of location fundamentals are
reported in Table 4. The estimated parameters of agglomeration economies remain largely sim-
ilar to those in Table 3. The location fundamental variable, obtained from the regional-level
specification, now exerts a significant effect on the agglomeration of multinational foreign sub-
sidiaries at both 400 and 800 km. Comparing the relative importance of location fundamentals
and agglomeration economies, we find that the effect of location fundamentals is outweighed by
the cumulative effect of agglomeration forces. At 400 km, a one-standard-deviation increase in
location fundamentals leads to a 0.025-standard-deviation increase in the level of agglomeration,

while the cumulative effect of agglomeration forces is 0.076 standard deviations.?”

[Table 4 about here]

Thus far, we have examined MNC offshore agglomeration using the subsidiary as the unit
of observation. We now take into account the different employment sizes of multinational sub-
sidiaries, which essentially treats the worker as the unit of observation and measures the level
of agglomeration among workers. This exercise, by differentiating the agglomeration incentives
between individual establishments and workers, has implications for policy making targeted at
influencing the geographic distribution of workers.

Tables 5 and 6 report the estimates based on the two specifications of location fundamen-
tals. Note that in contrast to Tables 3 and 4, in which labor market correlation does not exert
a significant effect, multinational subsidiaries in industries with greater potential labor market
externality exhibit significantly more employment agglomeration. Technology diffusion, another
force of agglomeration that involves close labor interaction and mobility, also plays a significant
role in explaining the agglomeration of MNC subsidiary workers between industries. In fact, tech-
nology spillover appears to be the strongest agglomeration factor at most distance thresholds.
Further, at more aggregate geographic levels, the effects of labor market externality and tech-
nology diffusion diminish, while capital-good market externality exerts a significant and positive
effect.

[Tables 5 and 6 about here]

3T Comparing Tables 3 and 4, we also note that the normalized parameter of the location fundamental variable
is significantly lower when the variable is constructed based on the regional estimation specification. One possible
explanation is that measure 1, constructed based on country-level location characteristics and actual regional share
of multinational activity, represents an upper bound of location fundamentals whereas measure 2, estimated based
on observable country and regional characteristics, serves as a lower bound.
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6.2 Comparing the Agglomeration of MNC Offshore and Domestic Plants

Having established the agglomeration patterns of MNC foreign subsidiaries, we now investi-
gate how the role of agglomeration forces varies systematically between multinational and non-
multinational plants. Specifically, we evaluate how the roles of location fundamentals and agglom-

eration economies affect MNCs relative to domestic plants by estimating the following equation:

agglomeration;%(T) — agglomerationZ%(T)
= (B — 5f)fundamentalsk7€' + (By" — ﬁg)IOlinkagek% + (85" — ﬁg)labork%
+ (B — 5g)capitalgoodk% + (85" — 5g)techn0logykE + €ij (8)

where agglomeratz’on;%(T) —agglomerationZE(T) represents the difference between the MNC and
domestic pairwise-industry agglomeration indices, and the coefficient vector 8™ — 3% represents
the difference in the effects of the covariates on multinational foreign subsidiaries and domestic

plants.
[Tables 7 and 8 about here]

The results based on the two measures of location fundamentals are reported in Tables 7
and 8. We find that proxies for capital-good market externality and technology diffusion exert
a stronger effect on multinationals than on domestic plants in same industry pairs. The role
of the input-output relationship is not significantly different between the two at disaggregated
geographic levels, but is significantly stronger for multinationals at more aggregate geographic
levels (such as 800 km). Interestingly, potential externality in the labor market, captured by
industry-pair similarity in labor demand, exerts a greater effect on the agglomeration of domestic
plants than on the agglomeration of multinational foreign subsidiaries. Location fundamental
variables—including market size, comparative advantage, and infrastructure—also play a greater
role in the agglomeration patterns of domestic plants.

These findings are consistent with the characteristics of multinational firms. Relative to their
domestic counterparts, multinationals exhibit greater participation in capital- and technology-
intensive activities. As a result, in industries with strong potential for capital-good market exter-
nality and technology diffusion, MNCs are more likely to realize these agglomeration economies
when they agglomerate with other, productive and capital- and knowledge-intensive MNCs. In
contrast, domestic plants—with lower capital- and technology-intensity—place a greater empha-
sis on fundamental location characteristics such as market size, production cost, and infrastruc-

ture and labor market considerations.

6.3 MNC Headquarters Agglomeration

We next examine the determinants of MNC headquarters clusters relative to MNC clusters

overseas. To control for the role of location fundamentals in explaining the agglomeration of
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MNC headquarters, we follow the procedure described in Section 5.1, but obtain the level of
MNC activities predicted for each MNC home country and construct the expected distribution
and agglomeration of MNC headquarters following the rest of the procedure.

Table 9 reports the estimation results. All variables except vertical production linkages exert
a significant effect. A one-standard-deviation increase in the location fundamental variable is
associated with a 0.21 standard-deviation increase in MNC headquarters agglomeration, which
suggests an important role for the characteristics of headquarter countries including market size,
skilled labor endowment, and access to host countries. At 200 km, both technology diffusion and
labor market correlation play a positive and significant role, with a cumulative effect of about
0.06. Beyond 200 km, the effect of the labor market becomes insignificant. Again, this result is

consistent with the localized feature of labor markets and with lower mobility of labor.
[Table 9 about here]

Comparing Table 9 with Table 3, we find that (i) location fundamentals and capital-good
market externality exert a stronger effect on MNCs’ offshore agglomeration than on the agglom-
eration of MNC headquarters and (ii) input-output relationships affect MNC subsidiaries but
not headquarters. These results suggest that the agglomeration of MNC subsidiaries, with their
market-seeking and input-sourcing focuses, is more influenced by market-access and comparative-
advantage motives, capital-good market externalities, and vertical production linkages, whereas
the agglomeration of headquarters, with their specialization in providing services such as R&D

and management, is more influenced by technology diffusion.

6.4 Accounting for Trade Costs

In this subsection, we re-construct the agglomeration index based on two alternate measures of
trade cost. First, we use an estimate of trade cost that accounts for other forms of trade barrier
including border, tariffs, and language. The role of location fundamentals and agglomeration
economies in explaining this index may be different because, for example, intermediate inputs
and final goods can be more tradable than physical- and knowledge-capital.

We use a two-step procedure to estimate a comprehensive measure of trade costs for each

pair of establishments. We first estimate a standard trade gravity equation given by
Gijt = EXy + IMjs + Nt + €41 (9)

where the dependent variable g;;; is the natural log of imports of country j from country 4,
EX;; denotes an exporter-year fixed effect, IM;; represents an importer-year fixed effect, and
Aijt = M Indij + MoBjj + A3B;j x Lij + M PT A with Z;j; representing a vector of bilateral
market access variables. In particular, Z;;; includes In d;;, the natural log of the distance between
the capital cities of the importer and exporter countries, B;;, a dummy variable that equals 1

if the trading countries share a border and 0 otherwise, L;;, a dummy variable that equals 1 if
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the two countries share a language, and PT'A;;;, an indicator of a preferential trade agreement
between the two countries in year ¢. As in Head and Mayer (2004a), the equation allows the
border effect to differ across importing countries depending on whether they speak the same
language as the exporting country. The expectations are A\; < 0, Ay > 0, A3 > 0, and A\g > 0.
Following Santos Silva and Tenreyro (2006), we estimate the gravity equation using Poisson
quasi-MLE (QMLE).

A dataset that covers the trade flows amongst 80 countries is used in the estimation. We
obtain the trade data from the COMTRADE database, and geographic information, including
distance, border, and language, from the CEPII distance dataset. The PTA information is taken
from the Tuck Trade Agreements Database and the WTO Regional Trade Agreements Dataset.
Our estimates of the gravity equation are broadly consistent with the existing literature. All the
bilateral market access variables exert an expected effect on trade volume.38

In the second stage, we use the estimated parameters of bilateral access variables, i.e.,, A1-A4,

to construct the generalized measure of trade cost. Specifically, we consider
?ij = —/):1 In Clij — Bij (/):2 + X?,Lij) — }\\4PTA7;jt (10)

and substitute the distance, contiguity, language, and PTA information for each pair of estab-
lishments into the equation to compute the fitted trade cost 7;;. To account for home bias in
intra-national trade costs, we subtract a positive constant from 7;; (in addition to assuming
B;i=1, Lj; =1, and PT A;;y = 1) for establishments located in the same country based on home
bias estimates reported in Anderson and van Wincoop (2003). Because estimating the home bias
for each country in our sample requires intra-national trade flow data for all the countries and is
beyond the scope of this analysis, we used Anderson and van Wincoop’s (2003) U.S. estimates.

Repeating the methodology described in Section 3.1, we construct a agglomeration index
based on the generalized measure of trade costs (instead of distance). As shown in Table 10, we
find that technology diffusion and capital-good market externality have a positive and significant
effect while the effects of the labor- and production-linkages variables are insignificant. These
results suggest that vertical production linkages do not play a significant role in explaining the
agglomeration of MNC subsidiaries once you take into account the ease of trading intermediate
inputs and final goods due to low tariffs, country contiguity, and low language barriers. For ag-
glomeration forces to be meaningful, goods and factors must have little tradability (for example,

physical capital) or, more generally, must face high trade and movement barriers.
[Table 10 about here]

Alternatively, we compute the agglomeration index based on distance by assuming country

borders to have an infinite effect on trade cost. This essentially excludes all establishment pairs

38 The estimation results are available upon request.
39We also considered Anderson and van Wincoop’s (2003) home bias estimate for Canada (which is considerably
greater than that for the U.S.) and the results were qualitatively similar.
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located in two different countries, regardless of their actual distance, and focuses exclusively on
establishments located in the same country. As shown in Table A.1, this implies that 40 per-
cent of establishment pairs that are located within 400 km will be dropped from the analysis.
The index therefore, by design, exhibits significantly greater values than the index accounting
for establishments worldwide. Regressing the index on the measures of location fundamentals
and agglomeration forces, we find that sharing common location fundamentals and capital-good
market correlations play particularly important roles in explaining the patterns of the index.
The strong impact of location fundamentals is not surprising given that we expect multinational
foreign subsidiaries to concentrate in the same countries when they share common location funda-
mentals. The significant effect of capital-good market variable is consistent with the hypothesis

that capital goods have less tradability and mobility than general intermediate inputs.

7 Additional Econometric Analysis

7.1 Lower Distance Thresholds

In our analysis so far, we have constructed the agglomeration indices at thresholds of 200 km
or more following previous work such as DO and EGK. In this subsection, we examine agglom-
eration patterns at more disaggregated levels and explore how the estimated effects of location
fundamentals and agglomeration economies differ. Specifically, we consider three low-distance
thresholds, namely, 20, 50 and 100 km. As expected, the values of the agglomeration indices
diminish at lower distance thresholds. However, the patterns of agglomeration, including those
presented in the stylized facts, remain largely similar.

In Table 11, we present the estimation results at the low distance thresholds. The normalized
parameters suggest that the effects of input-output linkages, capital-good market externality, and
technology diffusion are qualitatively similar to those reported earlier and quantitatively similar
across 20, 50 and 100 km.

[Table 11 about here]

7.2 The Endogeneity of Agglomeration Economies

A potential concern with our analysis thus far is that the agglomeration economy measures
might endogenously reflect the agglomeration patterns of multinational firms. For example, the
input-output linkage between the apparel and cotton industries may reflect not just the inherent
characteristics of apparel manufacturing, but also the agglomeration of the two industries due,
for example, to the availability of raw materials leading apparel manufacturers to favor cotton
over other types of fabrics. Similarly, the technology diffusion between the telecommunication
and computer industries might be due not only to the intrinsic technological relationship between
the two industries, but also to a historical factor that led the two industries to locate together

and subsequently become familiar with each other’s technologies.
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This concern is mitigated in our paper by three factors. First, our analysis controls for the
role of location fundamentals and industry-specific characteristics. This enables us to separate
industries’ geographic concentration due to location attractiveness from agglomeration activi-
ties driven by agglomeration economies. Second, our measures of agglomeration economies are
constructed using U.S. industry account data while the paper examines global agglomeration
patterns. U.S. industries’ input-output linkages, factor market correlations, and technology dif-
fusion are not very likely a result of agglomeration around the world. Third, the focus on MNCs
reduces the possibility of reverse causation, as MNCs constitute a small subset of firms in each
industry and the agglomeration economy measures are built with industry wide data that include
information on domestic firms.

We nevertheless perform an additional exercise to further alleviate concerns about endogene-
ity. Because the global agglomeration patterns of multinational firms include the agglomeration
of MNCs in the United States, we examine regional agglomeration which excludes the U.S. If U.S.
domestic industry-pair relationships are affected by the agglomeration of MNCs in the United
States, then one would expect the former to be less likely to be affected by the agglomeration of
MNCs located in other regions such as Europe. In this case, the agglomeration economy mea-
sures constructed with U.S. industry account data are orthogonal to the agglomeration patterns
observed in Europe.*?

We proceed by repeating the procedure described in Section 3.1 to construct the agglomera-
tion indices for MNCs located in Europe. These indices capture the degree to which MNCs in a

given industry pair agglomerate in Europe at various threshold distances.
[Table 12 about here]

The results are reported in Table 12. We find the estimates to be qualitatively similar to
those reported in Tables 3.4 Multinational subsidiaries in industries with greater labor market
correlation and technology diffusion are found to have a higher level of agglomeration, especially
at the 200 and 400 km levels. Input-output production linkage and capital-good market corre-
lation also exert a significant effect on the agglomeration of MNCs in Europe. Consistent with
our earlier results, the effects of labor market externalities and technology diffusion diminish at
more aggregate geographic levels. Further, labor market externality appears to be the strongest

agglomeration force at disaggregated distance levels.

40Ty examining the agglomeration of U.S. firms, EGK address the endogeneity of the U.S. agglomeration economy
measures by instrumenting the variables with the U.K. counterpart measures. But using another country’s data to
instrument the agglomeration economy variables would not alleviate the potential for endogeneity in our analysis
because that data would face issues similar to the issues facing the U.S. data. Using the U.S. agglomeration economy
measures to predict the agglomeration patterns in a non-U.S. region would, however, mitigate the possibility of
reverse causation and help identify the causal effects of agglomeration forces.

41 Because we are now examining regional, rather than global, agglomeration, we consider only threshold distances
up to 800 km.
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7.3 The Process of MNC Agglomeration

To shed light on the formation of MNC clusters, in particular, the spatial interdependence
between incumbents and entrants, we now turn from the geographic patterns to the process of
multinational agglomeration. Doing so also helps us to address two econometric concerns in
evaluating the determinants of agglomeration. The first is the different establishment dates of
plants. Our estimates thus far take into account not only new plants’ entry decisions but also
incumbents’ decisions to continue in their current locations. But the mix of old and new plants
could create the potential for reverse causality between MNC location patterns and measures
of economic fundamentals and agglomeration economies. Second, it is possible that our index
of MNC agglomeration captures not only the agglomeration between MNCs, but also clustering
between MNC and domestic plants.*? Although the low correlation between the indices of MNC
agglomeration and domestic plant agglomeration reported in Section 4 suggests that this is not
likely to be a significant issue, we take a further measure to address the concern.

We therefore explore in this subsection the dynamics of location decisions. Specifically, we
distinguish new from incumbent plants and assess new MNC plants’ propensity to agglomerate
with incumbents. This enables us to identify the roles of location fundamentals and agglomer-
ation economies in MNCs’ entry decisions. Repeating the procedure described in Section 3, we
construct an index of agglomeration between MNC entrants in 2004-2005 and MNC incumbents
established before 2004. For each industry pair k£ and E, the index measures the propensity of
new MNC subsidiaries in industry k to cluster with incumbent MNCs in industry %, and vice

versa.
[Table 13 about here]

We compare the agglomeration index for MNC entrants against two benchmarks. First, as in
Section 6, we adopt domestic plants as the benchmark and compare how MNCs agglomerate with
incumbent MNCs relative to the clustering of domestic plants. Table 13 reports the estimates.
The role of second-nature agglomeration forces remains robust in explaining the entry patterns
of MNCs. Relative to domestic plants, multinational entrants display a stronger propensity to
cluster with incumbent multinationals when technology diffusion benefits, capital-good market
externality, and vertical production linkages are relatively stronger. Labor-market and location-

fundamental variables, again, have a greater impact on the agglomeration of domestic plants.

42A related concern here is that when multinational establishments come into existence as a result of cross-
border acquisitions, their agglomeration patterns might simply reflect the agglomeration patterns of domestic
establishments. We argue that MNCs’ acquisition decisions, like their location choices in general, are dependent
on location fundamentals and agglomeration economies. Moreover, the option to restructure (including to retain
or shut down) acquired plants further enables MNCs to optimize their location decisions in response to location
factors. The fact that we observe a low correlation between the agglomeration indices of MNCs and domestic
plants suggests that MNCs’ agglomeration patterns do not simply reflect the agglomeration patterns of domestic
plants. But to provide further assurance that our analysis captures the agglomeration incentives of multinationals,
we explore in this section the entry patterns of new greenfield FDI.
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To address the possibility that the index of MNC agglomeration reflects clustering with
domestic plants, we construct an alternative benchmark, an agglomeration index measures the
propensity of new MNC subsidiaries to cluster with domestic plants. We find that for each
industry pair, new MNC foreign subsidiaries exhibit a stronger tendency to agglomerate with
incumbent MNC plants than with incumbent domestic plants. Moreover, the estimated effects

of the location fundamentals and agglomeration economies remain largely similar.

7.4 Plant-level Agglomeration

In this subsection, we take the analysis to a more disaggregated level and examine micro-
agglomeration patterns by exploring plant-level agglomeration indices. Specifically, we compute
plant-level agglomeration densities to measure the degree to which a plant is proximate to other
plants (in both the same and other industries) and examine how plant characteristics—such as
ownership structure, size, age and the number of products—and industry characteristics—such
as capital intensity, skilled-labor intensity, and R&D intensity—might jointly explain the extent

of agglomeration centered around each plant.
[Table 14 about here]

Table 14 reports the estimation results based on plant-level agglomeration indices at 50 and
200 km. To control for the role of location fundamentals, a vector of region-industry dummies is
included in the analysis. We find that the degree of agglomeration varies sharply across plants in
the same country and industry. First, multinational foreign subsidiaries attract significantly more
agglomeration than domestic plants in capital-, skilled-labor-, and R&D-intensive industries.
This result, consistent with the industry-level agglomeration patterns documented in Section
4, suggests that multinational foreign subsidiaries enjoy greater agglomeration benefits than
their domestic counterparts do when industrial activities are capital- and knowledge-intensive.*?
Second, plant size also matters. At 50 km, we find that plants with larger revenue tend to
attract significantly more agglomeration. This is similarly true for older plants. On the other
hand, the number of products produced by each plant does not appear to have a significant effect

on agglomeration.

8 Conclusion

The emergence of new multinational clusters is one of the most notable phenomena in the
process of globalization. In this paper, we examine the global patterns and forces of MNC
agglomeration—both offshore and at headquarters—relative to the patterns and forces of domestic-

firm agglomeration. Our analysis, using a worldwide plant-level dataset and a novel index of

BWe also considered including a separate dummy variable to represent MNCs’ domestic subsidiaries and found
that the agglomeration patterns of MNC domestic subsidiaries is fairly similar to that of domestic plants in the
MNC headquarters country when controlling for plant characteristics. The result is available upon request.
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agglomeration, yields a number of new insights into the industrial landscape of multinational
production.

First, offshore clusters of MNCs are not simply a reflection of domestic industrial clusters.
Across different types of plants, multinational headquarters are, on average, most agglomerative,
followed by domestic plants and multinational foreign subsidiaries. Further, the agglomeration
indices of MNC foreign subsidiaries, MNC headquarters, and domestic plants exhibit only limited
correlations, suggesting that multinationals follow distinctively different agglomeration patterns
offshore than their domestic counterparts do. Multinational foreign subsidiaries are more agglom-
erative than domestic plants in capital-, skilled-labor-, and R&D-intensive industries. Second,
exploring the determinants of the multinational agglomeration, we find that MP location funda-
mentals, although important, are not the only driving force. Multinationals’ location choices are
significantly affected by agglomeration economies including not only vertical production linkages
but also technology diffusion and capital-market externality. Third, the importance of location
fundamentals and agglomeration economies varies significantly between MNCs’ offshore agglom-
eration and the agglomeration of MNC headquarters and domestic plants. For example, MNCs’
offshore plants are significantly more influenced than non-MNC plants by capital-good market
and technological agglomeration factors. Finally, multinational entrants display stronger propen-
sities to cluster with incumbent multinationals than with incumbent local plants. Again, this is
especially the case when the capital-good market externality and technology diffusion benefits
are strong.

One potential extension of our analysis that is worthy of particular attention is to explore
how patterns of MNC agglomeration vary across regions. For example, labor market externality
can offer a stronger incentive for agglomeration in countries with more rigid and less mobile labor
markets. Similarly, the varying quality of infrastructure across regions can affect the value of
proximity for vertically linked industries. Firms are likely to have a stronger motive to cluster
with suppliers and customers when they are in a country with poorer infrastructure. Further
analysis of the role of regional characteristics in determining the clustering of MNCs could yield

additional insights.
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Table 1: Descriptive Statistics for MNC and Domestic Agglomeration Indices

Obs. Mean Std. Dev. Min. Max.

MNC Foreign Subsidiaries (Percentage Points)
Threshold (T) = 200 km 7938 0.099 0.239 0.000  3.060

T = 400 km 7938 0.219 0.522 0.000 6.631
T= 800 km 7938 0.520 1.206 0.000 14.419
T= 1600 km 7938 1.028 2.357 0.000 23.941

Domestic Plants (Percentage Points)
Threshold (T) = 200 km 7938 0.102 0.289 0.000 4.012

T = 400 km 7938 0.235 0.545 0.000 7.935
T= 800 km 7938 0.550 1.384 0.000 16.539
T= 1600 km 7938 1.210 2.424 0.000 26.340

MNC Foreign Subsidiary Workers (Percentage Points)
Threshold (T) = 200 km 7938 0.095 0.274 0.000 2.997

T = 400 km 7938 0.194 0.528 0.000  5.553
T= 800 km 7938 0.418 1.038 0.000 10.139
T= 1600 km 7938 0.742 1.853 0.000 17.211

MNC Headquarters (Percentage Points)
Threshold (T) = 200 km 7938 0.140 0.348 0.000  8.400

T = 400 km 7938 0.325 0.779 0.000 18.198
T= 800 km 7938 0.782 1.772 0.000 39.871
T= 1600 km 7938 1.402 2.987 0.000 44.693

Notes: The agglomeration indices are constructed by comparing the estimated distance kernel function
of each industry pair with the 95 percent global confidence band of counterfactual kernel estimators at
200 km, 400 km, 800 km, and 1600 km. All industry pairs (SIC3) are included. See text for detailed
descriptions of the variables.
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Table 2: Correlations of MNC and Domestic Agglomeration Indices

MNC Foreign Subsidiaries v.s. Domestic Plants

T=200km T=400km T=800km T=1600km T=200km T=400km T=800km T=1600km
(Subs.) (Subs.) (Subs.) (Subs.) (Dom.) (Dom.) (Dom.) (Dom.)
T=200km (Subs.) 1.00
T=400km (Subs.) 0.99 1.00
T=800km (Subs.) 0.96 0.99 1.00
T=1600km (Subs.) 0.88 0.92 0.96 1.00
T=200km (Dom.) 0.20 0.19 0.16 0.12 1.00
T=400km (Dom.) 0.25 0.24 0.21 0.17 0.99 1.00
T=800km (Dom.) 0.32 0.31 0.30 0.28 0.85 0.92 1.00
T=1600km (Dom.) 0.33 0.33 0.32 0.30 0.65 0.74 0.92 1.00
MNC Foreign Subsidiaries v.s. MNC Foreign Subsidiary Workers
T=200km T=400km T=800km T=1600km T=200km T=400km T=800km T=1600km
(Subs.) (Subs.) (Subs.) (Subs.) (Emp.) (Emp.) (Emp.) (Emp.)
T=200km (Subs.) 1.00
T=400km (Subs.) 0.99 1.00
T=800km (Subs.) 0.96 0.99 1.00
T=1600km (Subs.) 0.88 0.92 0.96 1.00
T=200km (Emp.) 0.42 0.37 0.33 0.30 1.00
T=400km (Emp.) 0.50 0.46 0.43 0.40 0.98 1.00
T=800km (Emp.) 0.60 0.59 0.58 0.57 0.89 0.95 1.00
T=1600km (Emp.) 0.62 0.62 0.63 0.66 0.77 0.85 0.96 1.00
MNC Foreign Subsidiaries v.s. MNC Headquarters
T=200km T=400km T=800km T=1600km T=200km T=400km T=800km T=1600km
(Subs.) (Subs.) (Subs.) (Subs.) (HQ) (HQ) (HQ) (HQ)
T=200km (Subs. 1.00
T=400km (Subs.) 0.99 1.00
T=800km (Subs.) 0.96 0.99 1.00
T=1600km (Subs.) 0.88 0.92 0.96 1.00
T=200km (HQ) 0.41 0.42 0.42 0.40 1.00
T=400km (HQ) 0.42 0.44 0.45 0.43 0.99 1.00
T=800km (HQ) 0.45 0.48 0.50 0.49 0.96 0.98 1.00
T=1600km (HQ) 0.50 0.53 0.56 0.59 0.86 0.90 0.96 1.00

Notes: Obs=7,938. All industry pairs (SIC3) are included.
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Table 3: Location Fundamentals, Agglomeration Economies, and MNC Offshore Agglomeration
I

T=200km T=400km T=800km T= 1600 km

10 Linkages 0.265* 0.573* 1.331%* 2.596**
(0.147) (0.306) (0.656) (1.296)
Capital Good 0.038*** 0.093*** 0.241%** 0.506***
(0.014) (0.032) (0.066) (0.139)
Labor -0.002 -0.015 -0.079 -0.231
(0.016) (0.035) (0.068) (0.160)
Technology 0.609** 1.178%* 2.521%* 4.395%*
(0.293) (0.546) (1.117) (2.371)
Location Fundamentals 0.018 0.019 0.020 0.021°*
(0.025) (0.019) (0.022) (0.012)
Obs. 7875 7875 7875 7875
R? 0.571 0.600 0.627 0.631

Beta Coeflicients

10 Linkages 0.014 0.014 0.014 0.013
Capital Good 0.035 0.039 0.043 0.046
Labor -0.002 -0.007 -0.015 -0.023
Technology 0.031 0.027 0.025 0.022
Location Fundamentals 0.266 0.264 0.279 0.333

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include industry fixed effect. Normalized beta coefficients in lower panel. See text for detailed descriptions
of the variables.
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Table 4: Location Fundamentals, Agglomeration Economies, and MNC Offshore Agglomeration
IT

T=200 km T=400km T=800km T= 1600 km

IO Linkages 0.249** 0.541* 1.252%%* 2.413%**
(0.112) (0.302) (0.222) (0.576)
Capital Good 0.037** 0.092%** 0.237#%* 0.499%+*
(0.017) (0.017) (0.092) (0.153)
Labor 0.001 -0.001 -0.045 0.153
(0.014) (0.015) (0.165) (0.135)
Technology 0.573*** 1.101°%%* 2.330%*** 3.943*
(0.161) (0.458) (0.343) (2.560)
Location Fundamentals (Regional) 0.006 0.004%** 0.002* 0.001
(0.007) (0.001) (0.001) (0.003)
Obs. 7875 7875 7875 7875
R? 0.570 0.600 0.626 0.630

Beta Coeflicients

IO Linkages 0.013 0.013 0.013 0.012
Capital Good 0.034 0.038 0.042 0.045
Labor 0.004 -0.001 -0.009 -0.015
Technology 0.029 0.025 0.023 0.019
Location Fundamentals (Regional) 0.038 0.025 0.013 0.006

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include industry fixed effect. Normalized beta coefficients in lower panel. See text for detailed descriptions
of the variables.

43



Table 5: Location Fundamentals, Agglomeration Economies, and MNC Offshore Worker Ag-
glomeration I

T=200 km T=400km T=800km T= 1600 km

10 Linkages -0.145 -0.256 -0.272 -0.750
(0.209) (0.403) (0.683) (1.160)
Capital Good 0.041%* 0.109%** 0.315%** 0.557***
(0.023) (0.044) (0.089) (0.144)
Labor 0.048%* 0.088* 0.120 0.128
(0.026) (0.048) (0.104) (0.162)
Technology 2.262%** 3.957F** 6.243%** 9.333%**
(0.516) (0.867) (1.613) (2.356)
Location Fundamentals  0.0004*** 0.0004*** 0.0004*** 0.0004**
(0.0001) (0.0001) (0.0001) (0.0002)
Obs. 7875 7875 7875 7875
R? 0.327 0.327 0.363 0.402
Beta Coefficients
10 Linkages -0.007 -0.006 -0.003 -0.005
Capital Good 0.033 0.045 0.066 0.065
Labor 0.042 0.039 0.027 0.016
Technology 0.100 0.091 0.073 0.061
Location Fundamentals 0.315 0.349 0.390 0.435

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include industry fixed effect. Normalized beta coefficients in lower panel. See text for detailed descriptions
of the variables.
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Table 6: Location Fundamentals,

glomeration IT

Agglomeration Economies, and MNC Offshore Worker Ag-

T=200 km T=400km T=800km T= 1600 km

IO Linkages -0.151
(0.120)
Capital Good 0.040***
(0.014)
Labor 0.057***
(0.022)
Technology 2.228%**
(0.508)
Location Fundamentals (Regional) 0.002
(0.010)
Obs. 7875
R? 0.326
IO Linkages -0.007
Capital Good 0.032
Labor 0.049
Technology 0.100
Location Fundamentals (Regional) 0.011

-0.269
(0.212)
0.106++*
(0.018)
0.107**
(0.049)
3.885 %
(0.326)
0.004**
(0.002)

7875
0.326

-0.299

(0.482)
0.308%+*
(0.087)

0.162*

(0.077)
6.083%%*
(1.390)

0.007*

(0.004)

7875
0.363

Beta Coeflicients

-0.006
0.044
0.047
0.089
0.027

-0.003
0.064
0.036
0.071
0.054

-0.801
(0.835)
0.544%%*
(0.176)
0.212
(0.050)
9.013 %+
(2.815)
0.009*
(0.001)

7875
0.402

-0.005
0.065
0.026
0.058
0.086

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include industry fixed effect. Normalized beta coefficients in lower panel. See text for detailed descriptions

of the variables.
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Table 7: Comparing MNC Foreign Subsidiaries with Domestic Plants 1

T=200km T=400km T=800km T= 1600 km

IO Linkages 0.041 1.081 5.447%* 10.876**
(0.599) (1.306) (2.760) (4.437)
Capital Good 0.162%+** 0.494*** 1.335%%* 2.383%**
(0.051) (0.113) (0.220) (0.366)
Labor -0.110%** -0.443*** -1.430%** -2.130%***
(0.049) (0.112) (0.231) (0.410)
Technology -1.214 2.823* 24.272%** 62.572%**
(0.839) (1.706) (3.409) (6.220)
Location Fundamentals  -0.047*** -0.047%** -0.044%** -0.035%**
(0.003) (0.002) (0.002) (0.002)
Obs. 7875 7875 7875 7875
R? 0.049 0.053 0.064 0.073
Beta Coefficients
10 Linkages 0.001 0.008 0.020 0.023
Capital Good 0.047 0.067 0.085 0.086
Labor -0.034 -0.065 -0.099 -0.084
Technology -0.020 0.021 0.086 0.126
Location Fundamentals -0.213 -0.217 -0.219 -0.228

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Normalized beta
coefficients in lower panel. See text for detailed descriptions of the variables.
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Table 8: Comparing MNC Foreign Subsidiaries with Domestic Plants 11

T=200 km T=400km T=800km T= 1600 km

IO Linkages -0.023 0.916 5.014** 10.094**
(0.603) (1.285) (2.515) (4.406)
Capital Good 0.183*** 0.536%** 1.421°%%* 2.533%**
(0.048) (0.118) (0.217) (0.375)
Labor -0.264*** -0.774%%* -2.136%** -3.419%**
(0.045) (0.102) (0.225) (0.406)
Technology 0.943 1.252%* 20.632*** 55.824
(0.880) (0.602) (3.346) (6.314)
Location Fundamentals (Regional) — -0.011%*** -0.010%** -0.025%** -0.454%%*
(0.001) (0.001) (0.003) (0.005)
Obs. 7875 7875 7875 7875
R? 0.012 0.016 0.028 0.034
Beta Coefficients
IO Linkages -0.0004 0.007 0.018 0.021
Capital Good 0.053 0.072 0.090 0.091
Labor -0.083 -0.114 -0.148 -0.134
Technology 0.007 0.009 0.073 0.112
Location Fundamentals (Regional) -0.079 -0.089 -0.101 -0.103

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Normalized beta
coeflicients in lower panel. See text for detailed descriptions of the variables.
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Table 9: Location Fundamentals, Agglomeration Economies, and MNC Headquarters Agglom-
eration

T=200km T=400km T=800km T= 1600 km

10 Linkages 0.090 0.156 0.127 0.457
(0.174) (0.406) (0.815) (1.254)
Capital Good 0.026 0.084** 0.261*** 0.459***
(0.019) (0.040) (0.088) (0.164)
Labor 0.043** 0.064 0.019 -0.085
(0.021) (0.044) (0.104) (0.180)
Technology 0.793*** 1.7277#%* 3.870%** 6.935***
(0.241) (0.477) (1.153) (1.735)
Location Fundamentals 0.022** 0.023%** 0.024* 0.019
(0.009) (0.009) (0.013) (0.018)
Obs. 7875 7875 7875 7875
R? 0.639 0.65 0.664 0.667

Beta Coeflicients

10 Linkages 0.003 0.003 0.001 0.002
Capital Good 0.017 0.024 0.032 0.033
Labor 0.030 0.020 0.003 -0.007
Technology 0.028 0.027 0.027 0.028
Location Fundamentals 0.212 0.212 0.208 0.213

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include industry fixed effect. Normalized beta coefficients in lower panel. See text for detailed descriptions
of the variables.
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Table 10: Multinational Offshore Agglomeration Index with Estimated Trade Cost

T=200 km T=400km T=800km T= 1600 km

10 Linkages -0.387 -0.333 -0.213 -0.142
(0.431) (0.444) (0.753) (0.657)
Capital Good 0.101%* 0.123%* 0.133 0.144%*
(0.060) (0.069) (0.083) (0.085)
Labor -0.016 -0.016 -0.003 -0.006
(0.126) (0.113) (0.114) (0.105)
Technology 6.932%* 6.943** 7.998** 8.145***
(3.321) (2.917) (3.154) (2.702)
Location Fundamentals -0.004 -0.003 0.003 0.002
(0.037) (0.013) (0.006) (0.003)
Obs. 7875 7875 7875 7875
R? 0.336 0.342 0.418 0.413
Beta Coefficients
IO Linkages -0.006 -0.0051 -0.003 -0.002
Capital Good 0.028 0.033 0.030 0.031
Labor -0.005 -0.005 -0.001 -0.001
Technology 0.108 0.105 0.099 0.097
Location Fundamentals -0.017 -0.027 0.045 0.081

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include industry fixed effect. Normalized beta coefficients in lower panel. See text for detailed descriptions

of the variables.
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Table 11: MNC Offshore Agglomeration at Lower Distance Thresholds

T=20km T=50km T=100km

10 Linkages

Capital Good

Labor

Technology

Location Fundamentals (Regional)

Obs.
R2

10 Linkages

Capital Good

Labor

Technology

Location Fundamentals (Regional)

0.030%  0.061%%%  0.113%%*
(0.017) (0.002) (0.010)
0.006%%%  0.012%%%  (.020%%*
(0.001) (0.002) (0.006)
0.002 0.004 0.006
(0.004) (0.011) (0.009)
0.076%%%  0.153%%%  (.284%%x
(0.025) (0.035) (0.091)
0.001 0.002 0.004
(0.003) (0.002) (0.001)
7875 7875 7875
0.560 0.560 0.560

Beta Coeflicients

0.013 0.013 0.013
0.030 0.030 0.030
0.007 0.007 0.006
0.033 0.032 0.031
0.010 0.015 0.026

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include industry fixed effect. Normalized beta coefficients in lower panel. See text for detailed descriptions

of the variables.
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Table 12: The Endogeneity of Agglomeration Economy Measures — the Agglomeration Patterns
of MNCs in Europe

T= 200 kms T= 400 kms T= 800 kms

IO Linkages 0.104 0.248%* 0.454**
(0.079) (0.157) (0.209)
Capital Good 0.008 0.031* 0.044*
(0.010) (0.019) (0.026)
Labor 0.031%** 0.032* 0.036
(0.008) (0.018) (0.030)
Technology 0.335%* 0.514** 0.715**
(0.151) (0.262) (0.393)
Location Fundamentals -0.001 -0.004 -0.003
(0.003) (0.005) (0.004)
Obs. 7166 7166 7166
R? 0.635 0.717 0.853

Beta Coeflicients

IO Linkages 0.009 0.009 0.008
Capital Good 0.014 0.021 0.014
Labor 0.055 0.023 0.012
Technology 0.030 0.019 0.013
Location Fundamentals -0.158 -0.087 -0.076

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include industry fixed effect. Normalized beta coefficients in lower panel. See text for detailed descriptions
of the variables.
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Table 13: The Process of Agglomeration — MNC Subsidiaries versus Domestic Plants

T=200km T=400km T=800km T= 1600 km

IO Linkages 0.818 2.424%* 8.000%** 16.045***
(0.714) (1.460) (2.770) (4.915)
Capital Good 0.094* 0.289%** 0.789%** 1.690%**
(0.056) (0.096) (0.228) (0.397)
Labor -0.183*** -0.571%** -1.692%%* -2.797F**
(0.045) (0.097) (0.213) (0.417)
Technology 0.878 6.603%** 33.455%** 84.362%**
(0.781) (1.655) (3.244) (6.295)
Location Fundamentals  -0.040%** -0.038*** -0.033*** -0.027%**
(0.003) (0.003) (0.002) (0.002)
Obs. 6966 6966 6966 6966
R? 0.04 0.043 0.054 0.068
Beta Coefficients
IO Linkages 0.015 0.021 0.032 0.036
Capital Good 0.028 0.041 0.053 0.063
Labor -0.060 -0.088 -0.122 -0.112
Technology 0.015 0.055 0.130 0.181
Location Fundamentals -0.186 -0.182 -0.170 -0.177

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. Normalized beta
coefficients in lower panel. See text for detailed descriptions of the variables.
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Table 14: Plant-level Agglomeration-MNC and Domestic Plants

T=50km T=50km T=200km T= 200 km

MNC Dummy -0.001%**  -0.001***  -0.006*** -0.006%**
(0.000) (0.000) (0.001) (0.001)
x 10 Linkages 0.002 0.003 0.014* 0.014*
(0.002) (0.002) (0.008) (0.008)
x Capital Intensity 0.005%*** 0.005%** 0.019%** 0.018***
(0.002) (0.002) (0.007) (0.007)
x Skilled-Labor Intensity — 0.002*** 0.002%** 0.008*** 0.008***
(0.000) (0.000) (0.001) (0.001)
x RD Intensity 0.0003* 0.0003* 0.001* 0.001*
(0.000) (0.000) (0.000) (0.000)
Revenue 0.001%** 0.001
(0.000) (0.001)
Age 0.00004** 0.0002**
(0.000) (0.000)
Product Count 0.000 0.000
(0.000) (0.000)
State-Industry FE Yes Yes Yes Yes
Obs. 122,426 122,324 122,426 122,324
R? 0.997 0.997 0.997 0.997

Notes: Bootstrapped standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. All regressions
include region-industry fixed effect. See text for detailed descriptions of the variables.
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Table A.1: Distribution of Cross-country Establishment Pairs by Distance

All pairs Pairs located in two different countries
Pairs (mil) Ave. dist (km) Pairs (mil) Percentage Ave. dist (km)
dist < 200 28.3 91.6 5.6 0.2 131.4
dist < 400 54.8 194.1 24.5 0.4 268.7
dist < 800 124.2 423.0 85.6 0.7 510.9
dist < 1600 257.1 806.6 198.7 0.8 885.8

Notes: Authors’ calculations.
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Table A.2: Within- and Between-Industry Agglomeration Indices

Within-Industry Between-Industry
Obs. Mean Obs. Mean

Subsidiaries (Percentage Points)

Threshold (T) = 200 km 126 0.328 7875 0.095
T = 400 km 126 0.672 7875 0.213
T= 800 km 126 1.389 7875 0.506
T= 1600 km 126 2.433 7875 1.006

Domestic Plants (Percentage Points)

Threshold (T) = 200 km 126 0.330 7875 0.096
T = 400 km 126 0.680 7875 0.224
T= 800 km 126 1.421 7875 0.531
T= 1600 km 126 2.503 7875 1.180

Subsidiaries Workers (Percentage Points)

Threshold (T) = 200 km 126 0.369 7875 0.090
T = 400 km 126 0.737 7875 0.186
T= 800 km 126 1.448 7875 0.402
T= 1600 km 126 2.338 7875 0.717

Headquarters (Percentage Points)

Threshold (T) = 200 km 126 0.446 7875 0.135
T = 400 km 126 0.951 7875 0.315
T= 800 km 126 2.027 7875 0.761
T= 1600 km 126 3.156 7875 1.373
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Table A.3: Top Industry Pairs by MNC Subsidiary Agglomeration Index

MNC Subsidiary Agglomeration Index

T = 200 km
274 Miscellaneous Publishing 379 Miscellaneous Transportation Equipment
314 Footwear, Except Rubber 313 Boot And Shoe Cut Stock And Findings
225 Knitting Mills 313 Boot And Shoe Cut Stock And Findings
367 Electronic Components And Accessories 225 Knitting Mills
225 Knitting Mills 314 Footwear, Except Rubber

T = 400 km
274 Miscellaneous Publishing 379 Miscellaneous Transportation Equipment
314 Footwear, Except Rubber 313 Boot And Shoe Cut Stock And Findings
225 Knitting Mills 313 Boot And Shoe Cut Stock And Findings
274 Miscellaneous Publishing 213 Chewing And Smoking Tobacco And Snuff
263 Paperboard Mills 213 Chewing And Smoking Tobacco And Snuff

MNC Subsidiary Worker Agglomeration Index

T = 200 km
394 Dolls, Toys, Games And Sporting 314 Footwear, Except Rubber
394 Dolls, Toys, Games And Sporting 313 Boot And Shoe Cut Stock And Findings
225 Knitting Mills 314 Footwear, Except Rubber
314 Footwear, Except Rubber 313 Boot And Shoe Cut Stock And Findings
225 Knitting Mills 394 Dolls, Toys, Games And Sporting And Athletic
T = 400 km
394 Dolls, Toys, Games And Sporting 314 Footwear, Except Rubber
394 Dolls, Toys, Games And Sporting 313 Boot And Shoe Cut Stock And Findings
225 Knitting Mills 314 Footwear, Except Rubber
314 Footwear, Except Rubber 313 Boot And Shoe Cut Stock And Findings
225 Knitting Mills 313 Boot And Shoe Cut Stock And Findings
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Table A.4: Descriptive Statistics for Agglomeration Economies

# Obs.

Mean Std. Dev. Min. Max.

Input-Output (IO) Linkages 7875

Capital Good
Labor
Technology

7875
7875
7875

0.003
0.476
0.333
0.007

0.012
0.209
0.227
0.012

0.000 0.193
0.004 1.000
0.014 1.000
0.000 0.179

Notes: See text for detailed descriptions of the variables.

Table A.5: Correlations of Agglomeration Economies

IO Linkages IO Linkages Capital Good Labor Technology Technology
(max.) (max.)
IO Linkages 1.000
10 Linkages (max.) 0.973 1.000
Capital Good 0.191 0.189 1.000
Labor 0.232 0.225 0.567 1.000
Technology 0.291 0.284 0.230 0.331 1.000
Technology (max.) 0.264 0.257 0.188 0.297 0.976 1.000

Notes: Both average and maximum measures are obtained for IO linkages and technology diffusion. See
text for detailed descriptions of the variables.
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