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1. Introduction

An increasingly important festure of globa economic integration is trade in intermediate inputs
associated with the fragmentation of production across nationa borders. For some goods, production
has become amultinationa process in which different stages are carried out in specidized plants around
the globe. Materials and components produced in one country may pass through a sequence of other
countries that each add va ue through fabrication, assembly, or other processing before afina product
isdelivered to consumers. Countries, which specidizein different stages of the production process
according to factor-cost or other locationd advantages, are thus linked in avertical chain through trade
in intermediate inputs.

The growing role of this verticd trade in the world economy has been documented in a number
of recent studies, some of which are surveyed in Feenstra (1998). Estimates by Campa and Goldberg
(1997) from input-output tables reved large increases over the period 1974-95 in the share of imported
intermediiate inputs in manufacturing industry output for three mgor industria countries: the United
States, Canada, and the United Kingdom.? Strauss-Kahn (2003) constructs similar estimates for

French manufacturing industries, which display comparably large increases in imported-input shares. A

! For these three countries, the imported-input share of manufacturing output is shown to
increase both at the aggregate level and for most individud indudtries. The authors also estimate the
imported-input share for Japan, which decreased over the period. For the United States, see dso
Feenstra and Hanson (1999), who estimate alarge increase in the imported-input share of total
nonenergy intermediate inputs used in manufacturing.

*This version of the paper incorporates several revisions, including the addition of Appendix B that were
subsequently made in response to commentsreceived. An earlier version was presented at the annual meeting of
the Western Economics Association in July 2001. The authors wish to thank Byron Gangnes and other participants
at this session for helpful comments.



narrower measure of vertica trade-imported intermediate inputs embodied in a country’ s exports—s
examined in Hummels, Rapoport, and Yi (1998) and in Humméls, Ishii, and Yi (2001). In the latter
paper, calculations from input-output tables reved that vertical trade as a share of total exports has
increased substantialy over time for most of the mgjor OECD countries. Based on these calculétions,
the authors estimate that the share of vertical trade in worldwide exports increased between 1970 and
1990 by athird, to 24 percent.?

Trade in intermediate inputs takes the form of intrafirm transactions when production stagesin
different countries are performed by verticaly integrated units of the multinational company (MNC). In
this case, production is fragmented geographicaly across national boundaries but is integrated
organizetiondly within the boundaries of acommon firm. Applying the transactions-cost framework of
Coase (1937) and Williamson (1975), international production and trade are expected to be
internaized by an MNC when inherent difficulties in enforcing quaity-control standards or in preventing
spillovers of proprietary knowledge make transactions with foreign unrelated parties excessively cosly.
Such transaction costs may be particularly acute for the delivery of intermediate inputs that are highly

specific in design or reguire specidized technigues in production.®

2 A specid case of this vertica trade occurs when components or materials are exported for
processing abroad and then reimported into the origind country.  Some countries and customs unions
maintain separate records for this trade owing to specid tariff provisons that exempt the vaue of the
reimported inputs from customs duties. Severd studies based on these data provide additional
evidence on increases in verticd trade associated with fragmentation. Examples include Feendira,
Hanson, and Swenson (2000); Gorg (2000); Baldone, Sdogati, and Tgoli (2001); Ruane and Gorg
(2001); and Graziani (2001).

3 An added reason for interndizing internationa transactions may be the opportunity it affords
MNC' s to manipulate transfer pricesin order to minimize reported income in high-tax countries. See
Clausing (2001). Casson (1986), however, concludes from a number of case studies that transfer
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For U.S. MNC's, data collected by the U.S. Bureau of Economic Andysis (BEA) indicate that
intrafirm trade associated with internationally fragmented production has increased markedly over the
past few decades. From 1966 to 1999, the vaue of intermediate goods shipped by U.S. parent
companies to their foreign affiliates for assembly or processing increased fortyfold, from $2.5 billion to
$102.6 hillion (table 1). Over this period, the share of these exportsin total U.S. exports of goods
nearly doubled, from about 8 percent in 1966 and 1977 to 15 percent in 1999. Intrafirm exports of
intermediate goods used in affiliate production also increased as a share of both the total and intrafirm
exports of U.S. parent companies. from 1977 to 1999, the sharein total parent exports more than
doubled (from 10 percent to 25 percent) and the share in parent exports to affiliates increased two-fold
(from 33 percent to 65 percent).

Research to date on intrafirm trade provides generd support for the idea that transactions will
be internalized for goods that embody specidized or proprietary knowledge: repeated sudies have
found that intrafirm trade is strongly associated with the research and development (R& D) intensity of
indudtries and firms. Some studies aso offer suggestive evidence on factors behind verticd intrafirm
trade flows based on specidization between parent companies and their foreign affiliates. 1n one of the

earlier gudies of intrafirm trade, Lall (1978) uses dataon U.S. MNC trade in 1970 to examine the

pricing is not the principa motive for establishing intrafirm trade.

4 These figures are from data reported in BEA's benchmark surveys of U.S. direct investment
abroad, which are conducted periodicdly (currently, at five-year intervals). The intrafirm-trade data
collected in benchmark surveysinclude detall on U.S. parent company exports to their foreign affiliates
broken down by intended use (that is, whether for further manufacture by the effiliates, for resale
without further manufacture, for use as fixed capital assets, or for other purposes). Thisdetall by
intended useis not collected in BEA’ s less-detailed survey for interim years.
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pattern across indudtries in exports from U.S. parent companiesto their foreign affiliates. The share of
these intrafirm-trade flows in affiliate sdlesis found to increase with industry R&D intendity and with an
industry indicator of divisible production processes. Siddhathan and Kumar (1990) aso work with
industry-level datafor U.S. MNC's (in this case, for 1982); they find that the share of intrafirm exports
intotal exportsby U.S. parentsis positively related to the R& D intensity and average employee skill
level of parents.

More-detailed studies of intrafirm trade have been conducted using firm-level data for Swedish
MNC's. Zgan (1989) analyzes the variation across Swedish-owned affiliates in the ratio of imports
from parents to affiliate sdes. For affiliates in both developed and developing countries, he finds that
the ratio of intrafirm imports to sdesis pogtively associated with the R&D intensity of MNC sdles. In
developed countries, the intrafirm-import ratio is found to be negetively related to entry by an affiliate
into the MNC through acquisition rather than through greenfied investment. Braunerhjelm (1998) uses
firm-level datato anayze intrafirm exports from Swedish parentsto their foreign affiliates as a share of
parent saes, distinguishing the parentsin his sample according to whether they are more inclined toward
vertica or horizonta production relationships with their affiliates. For verticaly integrated MNC's, the
share of intrafirm exportsin parent sales digplays a postive correation with the MNC' s overal
R& D-intengity but a negetive corrdation with the share of R&D that is undertaken by foreign affiliates,
afinding that suggests vertica specidization in terms of technology differences between parents and
afiliates.

Focusing on the contrast between intrafirm-trade flows associated with vertical and horizontd

integration, Anderson and Fredriksson (2000) utilize information on the intended use of intrafirm



imports by Swedish-owned &ffiliates to separately examine the determinants of intrafirm imports of
intermediate products (which they relate to vertica integration in MNC operations) and intrafirm
imports of finished products (which they relate to horizontd integration in MNC operations). The
respective shares of these two intrafirm-trade flows in affiliate net production are regressed on variables
for the parent company or overdl MNC, for the affiliate, and for the host country. For both types of
intrafirm trade, the propengty of affiliates to import goods from their parents is found to be positively
related to the R& D intengity of parent sdles. Other variables, however, are found to have contrasting
influences on intrafirm imports of finished or intermediate products. Sdlient among these findings, the
ratio of affiliate imports of intermediate products from their parent companies to affiliate net production
is found to increase with the sze of the host country and with the share of affiliate output exported either
to back to the parent company or to others (variables that are negatively related to intrafirm imports of
finished products). The per capitaincome of the host country is found to be positively related to the
propensity of affiliates to import finished goods from parents but unrelated to the propensity to import
intermediate goods from parents.

In this paper, we use microdata from BEA'’s 1994 benchmark survey of U.S. direct investment
abroad to andyze the propengty of foreign affiliates to import intermediate goods from their U.S.
parent companies. Building on the empirica strategy employed by Anderson and Fredriksson, we
relae this propensty to characteritics of the parent company or the overall MNC, of the host country,

of the effiliate, and of the affiliate’ sindudtry that we hypothesize should influence the volume of intrafirm



trade associated with internationa fragmentation.®

In the following section, we discuss aggregete paiternsin our data on foreign affiliates and their
intrafirm sourcing behavior, by industry and by host-country income levels. We then discuss the
variables we employ to explain the variance across ffiliates in intrafirm sourcing behavior and our
hypotheses about their expected signs.  Section 4 presents the estimation model and section 5 presents

theresults.  The paper concludes with a discussion of the findings.

2. Overview of the Data

The data on foreign affiliates are from BEA’s 1994 benchmark survey of United States direct
investment abroad. The sample of affiliates examined in this paper conssts of 1,444 mgority-owned
manufacturing affiliates for which adetailed “long form” was required in the benchmark survey. The
affiliates in this sample account for 76 percent of the total sales of al maority-owned foreign &ffiliatesin
manufacturing in 1994. These affiliates had 374 different U.S. parents and operated in atotal of 57
countries. About haf of the affiliates in our sample are located in Europe (almost entirely in member
countries of the European Union). Affiliates located in Adaand in the two countries bordering the
United States (Canada and Mexico) each make up alittle less than afifth of the affiliates in the sample.

A more complete description of the data set is available in gppendix A.

® In contemporaneous research based on an dternative sample from BEA's 1994 benchmark-
survey microdata, Hanson, Mataloni, and Saughter (2003) employ atrandog cost function to estimate
an equation for the share of intermediate inputs imported from the United Statesin tota production
cogtsfor foreign affiliates of U.S. parent companies. They find that affiliate demand for these imported
inputs is higher in host countries that are characterized by lower trade costs, lower wages for less-
skilled labor, and lower corporate income tax rates.
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In this section, we examine broad patterns in the data on the affiliates’ imports of intermediate
goods from their parent companies in comparison with the affiliates sdes. The comparisons are made
for the affiliates grouped by industry and by income leve of the host country. The paiterns gleaned
from these comparisons provide background and perspective for amore forma anays's of factors that

determine the affiliates propengty to source intermediate goods from their parents.

2A. By Industry

Table 2 presents atistics on the number of affiliates, their sdes, and thair intrafirm imports of
intermediate goods for the sample affiliates classified by sdected two-digit Internationd Surveys
Industry (1) industry groups® Also shown for each industry isthe ratio of intrafirm imports of
intermediate goods to affiliate sales (expressed in percent), which shows the relative importance of
these intrafirm trade flows in affiliate production.

Among the indudtries shown, the ratio of intrafirm imports of intermediate goods to affiliate sdes
is particularly pronounced in eectronics (22 percent), transportation equipment (18 percent),
ingruments (11 percent), and industria machinery (10 percent). Each of these indudtriesis
characterized by production processes that tend to be easily divisible, and, thus, that can be divided
into distinct stages that can be performed in different locations. To the extent that the various stages use
productive factors in different combinations, amultinational company can move those stages of

production thet utilize a given factor most intensively to countries that are relatively abundant in that

®Foreign affiliates are dlassified by 2-digit and 3-digit codes under the Bureau of Economic
Anaysis 1Sl codes. Asapplied to the data for 1994, these codes are closely related to the 2-digit and
3-digit 1987 U.S. Standard Industrid Classification codes.

7



factor. For example, an MNC can move stages that require low-skilled labor, such as basic assembly,
to countries where low-skilled labor is abundant while keeping stages that make intensive use of human
or physical capital, such as the production of sophisticated components, in countries that are abundant
in those factors. Another common characterigtic of these four industriesis product differentiation,
which can result in a high degree of specificity in the parts and components used by fina assemblers.
Affiliatesin these industries might be expected to source these parts through intrafirm transactions with
their parent companies rather than through arm’ s length transactions with unrelated parties.

The indugtry with the most intrafirm imports of intermediate goods is trangportation equipmernt,
which accounts for 43 percent of the sample data on foreign affiliate imports of intermediate goods from
their U.S. parent companies. About three-fourths of these imports are by &ffiliates located in Canada,
reflecting Canada s proximity to the mgor automobile manufacturing centersin the United States and
the legacy of the free-trade regime for producers of motor vehicles and parts that traces its roots to the
1965 United States-Canada Auto Agreement. Most of the remaining importsin this industry are by
affiliates located in Mexico, which may aso reflect afavorable tariff regime--in this case the tariff
exemptions granted to affiliates engaged in the assembly of imported parts for re-export to the United
States, under provisions of the maquiladora program that preceded NAFTA.” Thus, whilethe
transportation equipment industry accounts for much of the intrafirm trade in intermediate goods, this
trade islargdly limited to the two border countries and may partly reflect preferentid trading

arrangements.

" The mgjor maquiladoraindustries in the early 1990's were transportation equipment,
electronic and eectric equipment, and textiles. See Hummels, Rapoport, and Yi (1998).
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Among the other industries shown in table 2, the ratio of intrafirm imports of intermediate goods
to effiliate slesis smdl in the chemicd, petroleum, and metd industries. In the chemica indusiry (which
accounts for about a fourth of the ffiliatesin our sample), the low tendency by affiliates to source
intermediate inputs from their parent companies may reflect production processes that are not amenable
to being broken up in stages and divided geographicaly. In petroleum and metds, the low level of
intrafirm imports may reflect the homogenous character of the materids used asintermediate inputsin
production--these inputs can be procured easily through arm’ s length transactions on the open market
and, thus, need not be supplied by the affiliates’ parent companies. In addition, imports from U.S.
parent companies may be limited by the fact that the United Statesis a net importer of some of the

natura resources (such as oil or meta ore) that are used in these industries as intermediate inputs.

2.B. By Income L evel

Table 3 presents data on affiliates’ imports of intermediate goods and saes distributed by per capita
income of the host country, which can be treated as a proxy for host-country factor costs. The
digtribution is across five host-country income levels, as measured in per capita GNP in 1994 dollars.
1) less than $1,000; 2) $1,000 to $5,000; 3) $5,000 to $15,000; 4) $15,000 to $25,000; and 5)
above $25,000. Asreference points, in 1994 the United States had per capita GNP of $25,880,
Canada of $19,510, Taiwan of $11,460, Mexico of $4,180, and Indonesia of $880. The highest
income group, therefore, consists of host countries with per capita GNP roughly equal to or greater
than that of the United Statesin 1994. Not surprisingly given the importance of Canada and Europe as

locations for the affiliates in the data s&t, the mgority of affiliates are in the $15,000 to $25,000 range,



which includes Canada and much of Europe. There are dso a substantia number of affiliatesin the
$1,000 to $5,000 range, which includes Mexico and severd other Latin American countries.

Among the host-country income groups, the ratio of intrafirm imports of intermediate goods to
dfiliate sdesis highest in the $1,000 to $5,000 group (which includes Mexico) and is second highest in
the $15,000 to $25,000 group (which includes Canada). Among individua host countries, theratio is
very high for Mexico and Canada, which may partly reflect their status as border economies that have a
history of specid trading arrangements with the United States.

To diminate the influence of border-country effects, table 4 presents the distribution with
Canada and Mexico omitted. In thistable, the ratio of intrafirm imports of intermediate goods to
affiliate sales appears to be inversaly reated to host-country per capita GNP, providing that the host
country is not in the lowest income group: the ratio increases from 4 percent in the highest income group
(which includes Switzerland, Japan, and Germany) to 9 percent in the second lowest income group
(which includes Mdaysa, Thailand, and severa Latin American countries) before decreasing to 5
percent in the lowest income group. This relation suggests that foreign outsourcing activity within a
multinationa enterpriseisinversely related to host-country factor costs, providing that the host

country’s level of economic development is above a certain threshold.

3. Determinantsof Intrafirm Tradein I ntermediate Goods
In the literature, two modds of the multinationd firm have received the mogt attention: verticd and
horizonta. Inaverticaly integrated firm, the production process has been divided into separate stages

with different units of the firm specidizing in particular stages of production. In such an organization,
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one unit’s output is an intermediate input into the next stage of production. When a multinationa
enterpriseis verticaly integrated, different units may be located in different countries, leading to intrafirm
trade in intermediate goods. A firm may expand verticaly to take advantage of factor cost differentias
between countries. In contrast, horizonta integration is the establishment of smilar production
processes in different locations, and thus, would not be associated with trade in intermediate goods. A
firm might expand horizontally to gain market access or because tariffs, trangportation cogts, or other
factors convey an advantage to producersin close proximity to the local market.

Despite the distinction that has been drawn between these two organizationd structures, firms
usudly contain ements of both. For example, amultinationa enterprise may have some effiliates that
are part of aproduction chain crossing nationa borders and other affiliates that are not part of that
chain. Therefore, it is often not possible to identify a particular MNC as either verticaly or horizontaly
integrated. However, there are certain characteristics that make it more likely an affiliate is part of a
verticaly integrated production process.

In what follows, we identify characteristics of the parent company or the overall MNC, of the
host country, and of the affiliate that are most indicative of vertical production ties between parents and
affiliates, and present hypotheses on the influence of these characterigtics on intrafirm trade in
intermediate products. Given our focus on the propensity of the affiliate to source inputs from its
parent, particular attention will be paid to characterigtics that indicate a strong link between the parent
and the affiliate. In deciding which characteristics to include, and their expected impact on the effiliaie's
propengity to source from its parent, we drew on the internationdl trade, foreign direct investment, and

industrid organization literature. The characteristics listed below are certainly not exhaustive but are
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those that could be quantified with the data available.

In the modd employed, we seek to explain the variation across ffiliatesin aforeign affiliate' s
propendty to import intermediate goods from its U.S. parent company. Table 5 presents a summary of
our explanatory variables and their expected Sgns. In the next section we discuss the explanatory
variables that represent characteridtics of ether the parent company or the overal multinationd
enterprise. Thisisfollowed by smilar sections on variables for the host country and for the affiliate.
Findly, industry-level variables are discussed. Each obsarvation in the data set isfor an affiliate.
Therefore, the effiliate-related variables are unique to each observation. Affiliates of the same U.S.
parent will have the parent and enterprise-related variables in common. Affiliates located in the same

host country will have the host country-related variablesin common.

3.A. Parent and MNC-Related Variables

A characteridtic that is widdy expected to be associated with the verticd integration of MNC
operationsis the research and development (R& D) intendity of the parent company’ s operations.
Higher R& D spending on the part of the parent implies that the goodsiit produces have a higher degree
of specificity to the firm’'s production process. In this caseit may be costly or impossible to find an
outside supplier to provide the inputs, which would lead the company to interndize their supply. In
addition, such inputs may embody proprietary information. Due to the dangers of sharing proprietary
information with outside parties, goods with high proprietary content are likely to be traded internally.
Thisis particularly true when the outside party islocated abroad. Different countries have different

rules regarding the enforcement of intellectua property rights, and some countries may enforce such
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rights less stringently than others. In generd, contracts involving trading of goods that embody
technologica know-how are difficult to write and enforce, and, therefore it is expected such goods will
tend to be traded interndly to the firm. The parent's R&D intensity, measured astheratio of the
parent’'s R& D expenditures to the parent’ s sdles, is expected to be positively related to the effiliate’ s
propensity to import intermediate goods from the parent.

Another factor likely to influence an affiliate’ simports from its parent is the relative importance
of foreign operationsin the multinationa enterprise. When more of the firm'’s operations are carried out
abroad than domedticdly, the firm exhibits a higher degree of multinationdity. Pearce (1982) and Zgjan
(1989) have argued that a firm that is more multinational will have fewer exports from the parent to a
particular affiliate because the parent isrelatively lessimportant. In addition, a higher degree of
multinationdity may promote trade between different foreign affiliates of the firm rather than between
the parent and the affiliates. The degree of multinationality, measured as the share of the MNC'stotal
assetsthat are oversess, is thus expected to be negatively reated to the affiliate’ s propensty to import
intermediate goods from its parent.

The mode controls for the overdl size of the parent company, which we measure as the parent
company’ s value added net of operating profits® Larger parents are expected to export more to their
foreign affiliates. However, average parent Szeislikdy to vary acrossindudries. Thus, arddively
large parent in one industry may be rdaively smdl wereit in another industry. For example, alarge

food manufacturer may be relatively small when compared to the average petroleum firm. In order to

8We exclude operating profits from this measure because they are subject to large year-to-year
fluctuations that may smply reflect changes in market demand.
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better control for these differences across indudtries, the estimation includes dummy variables for esch
industry interacted with parent Sze.

Findly, if the parent is capitd intengve, it is expected that it would export more intermediate
goodsto its affiliates. There are two possible reasons for this expectation. First, as Buckley and
Casson (1976) have argued, the intensive use of capitd is often associated with production processes
that require congderable coordination among the different stages of production, giving an incentive to
verticaly integrate. Second, large sunk costs upstream increase the incentive to verticaly integrate in

order to capture the return on the firm’ s assets downstream.

3.B. Host Country Variables
If the effiliateis located in ahost country with asmall loca market, it may be more likely to be part of
an internationally integrated production process. Because a smal market cannot support alarge
amount of sales, an affiliate located in such acountry islikey to export a substantia portion of its output
to other countries, making it more likely thet the affiliate is a specidized unit with vertica production ties
to other member-firms of the MNC. In contrast, an affiliate located in alarge market will be able to sl
much of its output locally, and is thus more likely to be a self-contained production unit with horizontal
ties to other members of the MNC. The propensity of the affiliate to import inputs from its parent is,
thus, expected to be negatively reated to the size of the host country, as measured by its gross nationa
product.

Factor price differences between the U.S. and other countries, particularly differencesin wage

rates, are frequently cited as areason for locating manufacturing operations abroad. The gregter the
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difference in the relative price of agiven factor between the home and host countries, the more incentive
afirm hasto locate parts of the production process that use that factor intensvely in the country where
itisrelatively cheaper. U.S. MNC' s would be expected to locate labor-intensive stages of production,
such asfind assembly, in countries with lower unit labor cogs. Affiliates engaged in activities such as
fina assembly are expected to import intermediate inputs more intensvely from their parents than
affiliates engaged in other types of activities. Therefore, the import propensity is expected to be
negatively associated with unit labor costs. Unit labor costs are determined by the wages earned by
workers and the workers productivity. The lower the wage paid, for agiven leve of productivity, the
lower the unit labor cost. Likewise, the higher the productivity, for a given wage level, the lower the
unit labor cost. The level of education, skills, and infrastructure in a country affect the productivity of
that country’ swork force. To represent host country factor costs, we use severa variables: the income
level of the host country measured as GNP per capita; the country’ s infrastructure measured by
commercid energy use (in kilograms of oil equivaent per capita), gross domestic investment (asa
percent of GDP), and urbanization (the urban population as a percent of the total population); and the
country’s human capital measured by the adult illiteracy rate (the percentage of the population 15 years
of age and over that areilliterate).® It is expected that the import propensity of the afiliate will be
negatively correlated with those variables associated with higher unit |abor costs (GNP per capitaand
the adult illiteracy rate) and positively corrdated with those measures associated with lower unit [abor

codis (the infrastructure variables).

%The data on illiteracy rates were from 1998 for every country except Hong Kong, Malta,
Swarziland, and Trinidad and Tobago for which data from 1997 were used. In using data from 1997
and 1998, it is assumed that the adult illiteracy rate in a country would not change rapidly.
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The gregter the transportation costs for shipping the intermediate inputs to the affiliate, the less
likely it isthet the affiliate is verticaly integrated with its parent. Digtance to the host country is our
proxy for transportation costs. However, distance does not capture variations in transportation costs
due to differencesin the products being shipped, which may vary in bulk and weight relive to vaue.
For example, intermediate inputs in the trangportation industry may have sgnificantly higher shipping
cogts than intermediate inputs in the eectronics industry. To capture these differences across indudtries,

interaction terms between the distance measure and industry dummy variables are included.

3.C. Affiliate-Related Variables
We hypothesize that one of the most important aspects of the affiliate that will influence its propensity to
source intermediate inputs from its parent isto whom it sallsits output. In terms of the geographic
location and organizationd affiliation of the purchasers, there are Sx possible destinations for effiliate
sdes: the host country, the home country (i.e., the United States), and third countries, each
distinguished by whether the sdles are to affiliated or unaffiliated parties. The destination-of-sales
variableswill be expressad as the share of a particular destination in the ffiliate' s total sales.
Therefore, dl six could not be included in the regression because they sum to one. We decided to drop
the sdesto affiliated parties in the host country.

Affiliatesthat sdll arddively large share of their output back to their U.S. parent are likely to be
part of averticaly integrated production process in which different stages are performed in different
locations. Whether or not this increases the volume of intermediate goods imports the affiliates receive

from their parent depends on the &ffiliates placein the production chain. If the ffiliates are Stuated
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early in the chain, they may provide materids or components into the parent’ s production process and
recaive littlein the way of inputs from their parent. On the other hand, if the &ffiliates are Stuated late in
the production chain, it islikely that they receive components from the parent and provide semi-
processed or finished goods to the parent. On balance, we expect that manufacturing affiliates that sdll
alarge share of their output to their U.S. parent are likely to be involved in assembly operations at the
latter stages of the production chain. We thus expect the affiliate' s propengty to import intermediate
goods from the parent company to be positively related to the share of affiliate sales shipped to the
parent.

We expect efiliates that sal more of their output to unaffiliated partiesin the host country to
import rdatively few intermediate inputs from their parents. A high share of such salesis associated
with horizontal invesiment in which an &ffiliate has been established to serve the local market rather than
asalink in asegmented production process.

Along smilar lines, affiliates that sdl more to unaffiliated parties in third countries could aso be
indicative of horizontal investment. In this case, the affiliate was probably established not just to serve
the hogt-country market, but rather to serve an entire region. Such sales are particularly prominent in
Europe. We hypothesize that the propensity to source intermediate inputs from the parent is negatively
related to the share of &ffiliate sdles directed to unaffiliated partiesin third countries.

Affiliates that direct their sdesto affiliated partiesin third countries may aso display alow
propensity to import intermediate goods from their parents, as increased trade among the different
foreign affiliates of amultinationa enterprise tends to dilute the importance of trade with the parent

company (as discussed above under multinationality). On the other hand, salesto other foreign affiliates
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could be indicative of achain of production in which one affiliate’ s output is used in another affiliate's
production process. If thefirg affiliate is Stuated & alater Sage in the production chain rdative to the
parent, it could receive more imports of intermediate goods from its parent. However, if the effiliateis
relatively early in the production chain, it would be expected to receive fewer intrafirm imports of
intermediate goods. Thus, the coefficient for this variable could be ether positive or negative,

The fina destination-of-saes variable we consider is the share of affiliate sles shipped to
unaffilisted partiesin the United States. Affiliatesthat sl their output back to the United States but to
unaffiliated parties rather than to the parent are probably lesslikely than other affiliates to receive
imports from their parent. If the intermediate goods supplied by a parent to its affiliate embody
proprietary information or other firm-specific advantages, it islikdly that the parent company would
seek to maximize its returns on this information by assuming exclusive control over the distribution of the
foreign affiliate’ s product in the home-country market.

The next variable included in the mode is the ffiliate’ s R& D intengty, measured asthe
affiliate’ sR&D expenditures over the effiliate stotal sdles. It isnot possible apriori to say what impact
greater R& D intengity at the affiliate will have on its propendty to source intermediate goods from its
parent. If R&D at the affiliate substitutes for R& D at the parent, we would expect a negative impact on
the affiliate’' s propengity to import intermediate goods from its parent. On the other hand, technica skill
a the affiliate might dlow it to better utilize technol ogy-laden goods obtained from the parent, having a
positive impact.

Findly, two additional dummy variables areincluded. The first of these variables identifies
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afiliatesin our data st that used to be wholesde trade affiliates® For several reasons, we expect such
affiliates to have higher imports of intermediate goods from their parents. First, according to the life
cycle hypothesis of foreign direct investment, wholesale trade affiliates that moved into manufacturing
over time are likdly to initialy manufacture goods previoudy produced by the parent company with
inputs from the parent company. It isaso possible that as awholesde trade effiliate it sold intermediate
goods from the parent and has subsequently gone into the business of finishing them. Findly, because
as wholesde trade affiliates they received imports from their parents, there are dready well established
trade channels between the parent and the &ffiliate. The second dummy varigble identifies whether or
not the parent and the affiliate are in the same industry. The indudtriesin which parents and affiliates are
classfied are sufficiently broad to permit a high degree of intra-industry specidization in production.
Overdl, we expect that parents and &ffiliates classfied in the same indudtry specidize in different

production stages, and thus are more likely to trade intermediate goods.

3.D. Industry Variables
Aswe saw in the descriptive Satistics, certain industries, such as electronics or trangportation
equipment, displayed rdatively high levels of ffiliate imports of intermediate goods from their parents,

while other indudtries, such as chemicals, displayed much lower levels. This could be due to the fact

191t isonly possible to track the industry of an affiliate back to 1982, when the annual series
begins. Because of the ability to track affiliates back to 1982, we attempted to include the age of the
affiliate as an explanatory variable. However, it turns out that 69 percent of the affiliates in the data set
existed in 1982, and, thus, their exact age could not be determined. Therefore, age of the affiliate was
dropped, and the relationship between an affiliate’ s age and its propendty to import from its parent
could not be determined with this data set.
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that the production processes of some industries are more amenable to being divided up and spread
geographicaly. A messure of the divigihility of production processesin given indudtries is constructed
using data on imports under Provision 9802 of the Harmonized Tariff Schedule of the United States,
which deals with production sharing. Industries that import intensvely under this provison are those
that are amenable to having their production processes divided between geographica locations.

Under Provision 9802.00.80, articles that are assembled abroad in whole or in part of
fabricated U.S. components are dutiable on the full value of the imported article less the cost or value of
the U. S. components, as long as the components were exported in condition ready for assembly
without further processing; have not lost their physical identity by change in form, shape, or otherwise;
and have not been advanced in value or improved in condition abroad, except by being assembled and
by operations incidenta to the assembly process, such as painting. Provison 9802.00.80 applies only
to parts that are to be fitted together with other components and not to raw materials, such as chemica
products, food ingredients, or powders, which are mixed. Because of the nature of the activities
covered under Provision 9802.00.80, the most important countries and industriesinvolved in the
program are developing countries in which labor-intensve stages of production can be located. In
1994, the principa products imported under this provision were gpparel from the Caribbean Basin and
Mexico; televisons, eectronic products, and auto parts from Mexico; e ectronic components from
Asa and transportation equipment, machinery and equipment, and ectronics from Canada. U.S.
companies pursue production sharing not only through direct invesment in foreign affiliates but aso
through contracting and licensng agreements. A related provision, 9802.00.60, covers articles of meta

(except precious meta) manufactured or processed in the United States, then further processed
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abroad, and finally returned for processing in the United States. The two most important source
countries for imports under this provison are Canada and Mexico.

To congtruct a measure of the divighility of production processes, data on imports under
Provison 9802 and total U.S. imports by maor product in 1994 were collected. Then ameasure
equa to theimports of a product under Provision 9802 divided by total imports of that product was
caculated.* The data by product were then matched to the industries in the data set. (It should be
noted that this measure reflects only the divisibility of production processes of U.S. companies, this
measure would not reflect the divisibility of production processes in industries that may be exploited by
foreign, and not by U.S,, companies.) The measure of production sharing by industry is expected to be
positively correlated with the propendty of affiliates to import intermediate inputs from their parents.

Findly, to contral for other indudtry effects, industry dummy variables areincluded in the

regressions.

4. Data and Estimation
The dependent varigble is the propensity of the foreign affiliate to import intermediate inputs from its

parent. Itisdefined as

Y mports from Canada under Provision 9802 fell from a high of $25.7 hillion in 1989 to only
$1.7 billion in 1994 dthough tota imports from Canada continued to rise. The drop in imports under
Provison 9802 was not the result of a reduction in the volume of imports from Canada incorporating
fabricated components from the United States but, rather, was the result of the U.S.-Canada Free
Trade agreement, which removed many of the incentives to import under the Provison. To avoid
undergtating the true extent of production sharing, imports from Canada were removed from both the
numerator and denominator discussed above.
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|mpprop, = Intimp,
* " (sdles, - Intimp, - Finimp, - Inven,, + Inven,,)

where Intimp, is the imports of intermediate goods from the parent,
FHnimp; istheimports of finished goods from the parent,
Sdes, isthe dfilia€ stotd sdes, and

INvenyyq, isthe effiliate sfind inventoriesin 1993 and 1994 respectively.

The denominator is equa to gross output (sales plus changes in inventories) minus the vaue of
imports of both finished and intermediate goods from the parent company. This term represents the

affiliate’ s production net of imports from its parent.

Because 304 out of the total 1,444 affiliate observations receive no imports from their parents,
the sample is left censored. In this case, the appropriate estimation method isthe Tobit modd. The

modd can be written as

y, =R + u if y >0
yi=0 otherwise
wherey; isthe propensty of affiliatei to import,
X; isthe vector of independent variables for effiliatet,

13 isthe vector of parametersto be estimated, and
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U are the resduas assumed to be independent and normally distributed with zero mean and
congtant variance.
The Tobit model maximizes a likelihood function that conssts of two parts: 1) for those receiving
imports, atraditional OL S regression of the propendty to source intermediate goods from their parent
given their values of the independent variables, and 2) for those not recelving imports, the probability of

not receiving imports given their values of the independent variables.

5. Results

Table 6 presents the results of the regression equations (industry dummy variables and the interaction
terms between the industry dummy variables and distance and between the indusiry dummy variables
and parent Sze are not shown).

Table 6 showsthat of the parent or enterprise-related variables, R& D intensity, the degree of
multinationdity, and the parent’s capitd intengity are dl sgnificant and of the expected Sgn. The R&D
intengity of the parent is an important driver of the affiliate’ s intermediate goods imports from its parent.
This agrees with previous research which has conagtently shown that grester R&D intensity is
associated with higher levels of intrafirm trade. Because the multinationdity variable is messured asthe
foreign assets over the entire firm’'s assats, the larger the parent isrelative to the rest of the firm, the
lower the value of this variable will be. Thus, the regresson results indicate that the larger the parent is
relative to the rest of the firm, the greater will be the import propensity of its affiliates. The parent’s
capita intengty is Sgnificant and of the expected sign, lending support to the ideathat internationaly

fragmented production is likely to take place within the MNC for production processes that require
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intertempora coordination. The parent Sze variable isinggnificant, likey due to theincluson of the
interaction terms between the industry dummy variables and parent size.

Of the host-country specific varigbles, income and the infrastructure variables (commercia
energy consumption, gross domedtic investment, and urbanization) were al sgnificant and of the
expected sgns. Thisresult provides support to the idea that firms do divide up the production process
and locate different stages to take advantage of relative factor-cogt differentids. Meanwhile, the
measure of human capitd, the illiteracy rate, was not significant. It could be that this measure was not a
precise or comprehensive measure of human capitd, or that MNC' s skim the cream of the crop in
hiring, and thus, the MNC’ s workforce is not representative of the host country’ s entire work force.
The coefficient on the Size of the host country market (GNP) isinggnificant. Distance had the expected
negative Sgn but was inggnificant, possbly due to the incluson of the interaction terms between the
industry dummy variables and distance. Also, distance may be an imperfect proxy for trangportation
costs.

Of the effiliate-rdated variables, those specifying to whom the afiliate sells have the expected
ggnsand are dl sgnificant. The coefficient on sales back to the U.S. parent is positive, suggesting that
affiliates that source inputs from their parents are likely to be performing processing activities for the
parents. The coefficient on sdlesto unrdated parties in the United Statesis Sirongly negative, indicating
that the parent company generally assumes exclusive control over the home-country distribution of
affiliate products that embody inputs supplied by the parent. The Sgn on sdesto affiliated partiesin
third countries is negative, indicating that trade between &ffiliates does decrease the intensity with which

they use intermediate goods imported from their parents. The sdles to unaffiliated local parties hasthe
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expected negetive Sgn and is sgnificant, indicating thet affiliates with large local sdes are more likely to
have horizontd ties to the other members of the MNC than verticd ties.

The other three affiliate-related variables--a dummy for aformer wholesde trade affiliate, a
dummy for the same industry as the parent, and the affiliate’ s R&D intendty--were sgnificant. The
positive coefficient on the dummy variable for former wholesde trade affiliates suggests that these
affiliates do use imports from their parents more intensively then other affiliates. The negative Sgn on
the affiliate’ s R& D intendty suggeststhat R& D at the affiliate substitutes for R&D at the parent, and
thus reduces imports of intermediate goods from the parent. The positive Sign on the same-industry
dummy varigble suggests a tendency for parents and affiliates to specidize in different stages of the
production process within the same indudtry.

Findly, the measure of the divishility of the production process indicates that affiliatesin
industries whaose production processes are more amenable to being divided up and spread
geographicaly, as measured by imports under Provison 9802, are significantly more likely to source
intermediate inputs from their parents.

In summary, foreign manufacturing ffiliates have a greater propendty to source intermediate

goods from their U.S. parent:

. if the parent investsintensively in R&D, is large relative to the entire firm, and is capitd
intengve

. if the host country has some factor cost advantage but can till provide needed skills and

infragtructure to support the affiliate; and

. if the effiliate sdlsits output back to its U.S. parent; if & onetime it was awholesde trade
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affiliae; if it doesnot invest initsown R&D; and if it isin the same indudry asiits parent.
The results show that MNC' s exhibiting characterigtics of vertica organization have foreign affiliates

with a greater propengty to import intermediate goods from their U.S. parents.

6. Conclusion

Intrafirm trade associated with the production activities of multinational companies is an important
agpect of the fragmentation of production across nationa borders. In this paper, we examined this
trade at the firm leve in terms of the propendity of foreign affiliates to source intermediate goods from
their U.S. parent companies. Relating this sourcing propensty to characteristics of the parent company,
the affiliate, and the affiliate’ s host country and industry, we found genera support for a number of
hypotheses that link intrafirm trade in intermediate goods to the vertica integration of parent and &ffiliate
operations.

Our results indicate that intrafirm trade in intermediate inputs is associated with parent and
affiliate characteristics that favor interndized transactions and the active coordination of different stages
of the production process. Consstent with earlier research, the propensity of affiliates to source
intermediate inputs from their parent companies is postively related to the R&D intensty of parents,
suggesting that the inputs supplied by the parents embody proprietary knowledge. This propensity aso
increases with parent capita intensity, which has been interpreted as an indicator of multi-stage
production processes that require intertempora coordination. The propensity to source inputs from
parentsis pogtively related to affiliate sdes to parents, suggesting thet affiliate production is closdly

integrated with that of the parents. In addition, the sourcing of inputs from parentsis negatively related

26



to affiliate sdlesto unrdated parties in the home country, suggesting that the didtribution of the effiliate’'s
product in the home-country market isinternalized by the MNC in order to appropriate the gains from
intangible assets embodied in the inputs supplied to the effiliate.

The results also underscore the association of intrafirm trade in intermediate inputs with
fragmented production processes, and indicate that this trade is most prevalent for affiliates located in
countries that offer cost advantages. The propengty to import intermediate inputs from parent
companiesis most pronounced for affiliatesin industries that have divisible production processes and
a0 tends to increase when the affiliste isin the same indudtry as the parent. In addition, this sourcing
behavior tends to be more prominent for affiliates located in host countries with lower quality-adjusted
labor costs, as indicated by the negative correlation with per capita GNP and the positive correation
with variables representing host-country infrastructure.

The signs on the regression coefficients for a number of our variables suggest vertica
specidization between higher-skilled, or more technologicaly advanced, activities performed by the
parent and lower-skilled, or more rudimentary, activities performed by the affiliate. The affiliate’'s
propengity to source intermediate goods from the parent increases with the R& D intensity of the parent
and decreases with the R&D intensity of the &ffiliate, indicating ahigher leve of technologica
sophigtication for the value added activities performed by the parent. In addition, this propensity
decreases with the host country’s per capitaincome, suggesting that affiliates that receive substantia
inputs from their parents tend to perform lower-skilled activities suited to host countries with reletively
low labor cogts. Findly, the propengty to source intermediate goods from the parent increases with the

share of affiliate sdesthat are shipped back to the parent, suggesting that this behavior is most
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pronounced for affiliates that perform basic assembly operations near the end of the value chain. The
two-way trade implied by thislast rdation is consstent with the concept of vertical specidization
advanced by Hummes, et a (1998 and 2001), whereby countries link sequentidly in agiven

production process in accordance with their factor cost advantages.
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Appendix A: The Data Set
The data are from the 1994 Bureau of Economic Andysis (BEA) benchmark survey of U.S. direct
investment abroad. Thisisamandatory survey conducted by BEA. The sample of &ffiliatesin the data
st was redtricted to mgjority-owned manufacturing affiliates that were reported on the benchmark
survey long form, which collects the most detailed data on &ffiliate operations.*? All mgjority-owned
affiliates with total assets, saes or gross operating revenues, or net income (or |oss) greater than $50
million in 1994 were required to be reported on the long form. The analysisin this paper isbased on
firm-level reports. Only reported data were used; affiliate reports that were estimated were excluded
from the find dataset. The data on the U.S. parents were dso from the 1994 benchmark survey.*®
Foreign affiliates are classfied by 3-digit Internationd Surveys Industry (1S) industry codes. If
areporter had more than one business in the same 3-digit ISl industry in a country, the reporter
generdly consolidated dl those businesses into one report. If businesses in the same country but in
different 3-digit industries are consdered part of oneintegral production process, then they may also be
reported on a consolidated basis. In this case, they were classified in the industry that accounted for

the largest share of sales.

2A mgjority-owned efiliate is defined by BEA to be aforeign affiliate in which the combined
direct and indirect ownership interest of al U.S. parents exceeds 50 percent. However, for this paper
we used data only for affiliates that were mgority-owned by asingle U.S. parent.

BThe U.S. parent is any “person” whose ownership stake exceeds 50 percent in aforeign
business enterprise. (“Person” in this definition may be any business enterprise; nonprofit organization;
individua; estate or trust; and so on. Most parents are business enterprises.) If the parent is
incorporated, the U.S. parent is the fully consolidated U.S. enterprise conssting of 1) the U.S.
corporation whose voting securities are not owned more than 50 percent by another U.S. corporation,
and 2) proceeding down each ownership chain from that U.S. corporation, any U.S. corporation
whose voting securities are more then 50 percent owned by the U.S. corporation aboveit. A U.S.
parent comprises the domestic operations of a U.S. multinational corporation.
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For affiliates that were reported on the long form, tota imports from their parents were broken
out into four possible categories: Goods intended for further processing, assembly, or manufacture by
the affiliate before resale to others; goods for resde without further processing, assembly, or
manufacture by the affiliate; capital equipment and other goods charged to the effiliate’ s fixed asset
accounts; and other. In the data set, goods for further processing accounted for 80 percent of the total
affiliate’ simports from their parents. Finished goods accounted for another 19 percent, and capita
equipment and other accounted for only 1 percent.

For some effiliates in Mexico, the definition of the dependent variable-the propengty to import
intermediate goods from the parent—had to be adjusted to take into account unique reporting pattens.
In the benchmark survey report, some affiliates-particularly those engaged in in-bond processing of
goods (such as maquiladoras)--did not include imports from the U.S. parent for processing in their
sdes or expenses.** If evidence was found that the affiliate omitted these importsiin its reported sdes,
then the figure for sales was not adjusted to net out imports from the parent in caculating the propensity
to source intermediate goods from the parent.> The regressions were run both including these
observations and excluding them; they made little difference in the find estimates, so they were included
in the results shown.

To identify manufacturing ffiliates that were previoudy engaged in wholesde trade, BEA's

annual data on U.S. investment abroad going back to 1982 were used. These data were used to

14 Overdl, these cases are extremdy rare--in the 1994 benchmark survey, there were only 67
cases out of auniverse of 18,929 nonbank foreign affiliates.

Following the specification of Anderson and Fredriksson as explained in the text, imports
from the parent were subtracted from output in constructing the denominator of the import propensity.

30



identify affiliates that had been classified in wholesde trade in some year prior to 1994.

R& D expenditures were for those activities performed by the parent or by the &ffiliate and
include such activities as basic and gpplied research in science and engineering and design and
development of prototypes and processes.

BEA edstimates value added by foreign affiliates as the sum of cogtsincurred (other than for
intermediate inputs) and profits earned in production. Because the measure of size used in the modd
was vaue added net of profits, it isthe sum of costs incurred in production. Employment is the number
of full-time and part-time employees at the end of fiscal year 1994.

The data on host country GNP per capita, population, and infrastructure variables come from
two sources. Tables 1, 8, 9, and 13 of the World Bank’s World Devel opment Report for 1996
provided data on al host countries except Taiwan. The Tawan data are from the Statistical Yearbook
of the Republic of China for 1999. Dataon theilliteracy rates come from Table 2 of the World
Development Report for 2000/2001. Data on the distance from Chicago to the host country capital
are from Frankel, Stein, and Wel (1995) and Frankel and Wei (unpublished).

The data on imports under Provison 9802 are from the United States International Trade
Commission’s Production Sharing: Use of U.S. Components and Materialsin Foreign Assembly

Operations, 1991-1994.
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Appendix B: Eladticities

In the Tobit model the regresson coefficients do not yied the margina effects on the dependent
variable of changesin the independent variables. As McDondd and Moffitt (1980) show, the margind
effects are the combination of two separate dements. The first eement is the change for those already
above the limit, and the second dement is the change in the probability of being above the limit. Thus,
in our modd, the first ement is the change in the import propensity of those dready receiving imports
from their parents, weighted by the probakility of receiving such imports. The second dement isthe
change in the probability of receiving imports, weighted by the expected vaue of the import propensity
of those receiving imports. The margind effect on the import propengty of an affiliate due to achange

in one of the independent variables, i, can be caculated by the following formula:

where Y isthe dependent variable (the ffiliate' s propengty to import from its parent),

F is the cumulative norma distribution function,

3 isthe vector of parameter estimates,

X isavector of independent variables, and

S isthe standard deviation of the resduds.

The vaue of the margind effect will depend on the value of the independent variables that are
used in calculating the above expression. In this case, the means of the independent variables were
used. The eadticities were caculated by
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where X isthe mean of thei™ independent variable, and
Y isthe mean of the dependent varigble.

Table 7 shows the e adticities with respect to the parent-related, affiliate-related, host country-related
and industry variables from the regression results presented in table 6.

The infragtructure variables had the largest positive eladticities. These variables, combined with
GNP per capita, which had ardaively large negative eadticity, are proxies for the host country’ s unit
labor cogts. Taken together, the large eladticities of these variables indicate the importance of factor
codsin determining the ffiliate’ s propendty to import from its parent. Being in an industry whose
production processis easlly divishble across nationd borders, being in the same industry as its parent,
and having a capitd intensive parent that investsintensively in research and development dl had large
positive effects on the affiliate’ s propengity to import from its parent. In contrast, greater distance from
the United States, having a parent with more assets oversees, and the effiliate sdling most of its output

in the local market or to third countries negatively impacted an effiliate’ s propendty to import from its

parent.
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Table 1. Exports of Goods Shipped by U.S. Parent Companiesto Their Foreign Affiliates for
Further Manufacture

foreign affiliates

1966 1977 1982 1989 1994 1999

Vduein millions of dollars 2,483 9,577 22,443 | 47,689 | 71,678 | 102,574
As a percentage of:

Tota U.S. exports of 8.5 7.8 104 131 14.0 14.7

goods

Tota exports of goods by n.a 10.2 14.6 21.4 22.3 25.2

U.S. parents

Tota exports of goods by

U.S. parentsto their 39.3 32.7 50.6 55.4 54.0 64.7

n.a Not available

Note: In thistable, the data on foreign affiliates of U.S. parent companies are for mgjority-owned

foreign affiliates only.
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Table 2: Number of Affiliates, Affiliate Sales, and I nter mediate Goods | mports from the U.S.

Parent by Industry
Number Intermediate | Importsasa
of Affiliate | goodsimports | percentage
Industry affiliates | sales* from parent* of sales
Manufacturing, total 1,444 527.4 54.9 104
Food & kindred products 128 42.3 15 3.5
Chemicas & dlied products 409 90.6 5.0 55
Petroleum manufacturing 22 43.4 0.1 0.2
Primary & fabricated metds 96 12.4 0.8 6.5
Indudtrid machinery & equipment 171 96.0 9.8 10.2
Electronic & other eectric equipment 164 41.8 9.0 21.6
Trangportation equipment 110 135.5 23.9 17.6
Instruments & related products 94 195 2.2 11.2
Other 250 45.8 25 5.5

Per centage of All-Industries Total

Manufacturing, total 100.0 100.0 100.0
Food & kindred products 8.9 8.0 2.8
Chemicads & dlied products 28.3 17.2 9.1
Petroleum manufacturing 1.5 8.2 0.2
Primary & fabricated metals 6.6 24 1.4
Indudtrid machinery & equipment 11.8 18.2 17.9
Electronic & other eectric equipment 114 79 164
Trangportation equipment 7.6 25.7 43.5
Instruments & related products 6.5 3.7 4.0
Other 17.3 8.7 4.6

* Affiliates sdes and intrafirm imports are in billions of current dollars.
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Table 3: Number of Affiliates, Affiliates Sales, and I ntermediate Goods I mportsfrom the U.S.
Parent by Host-Country Income Class

Number of Intermediate Importsasa
Host-country affiliates Affiliate goodsimports | percentage of
GNP per capita sales* from parent* sales
Lessthan $1,000 37 3.7 0.2 54
Between $1,000 & $5,000 223 56.6 10.2 18.0
Between $5,000 & $15,000 171 33.3 21 6.3
Between $15,000 & $25,000 792 304.3 36.6 12.0
Greater than $25,000 221 1294 5.8 4.4

Per centage of All-Countries Total

Lessthan $1,000 2.6 0.7 0.4
Between $1,000 & $5,000 154 10.7 18.6
Between $5,000 & $15,000 11.8 6.3 3.8
Between $15,000 & $25,000 54.8 57.7 66.6
Greater than $25,000 15.3 24.5 10.5

* Affilistes sdes and intrafirm imports are in billions of current dollars
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Table 4: By Income Classwithout Affiliatesin Canada and Mexico

Number of Intermediate Importsasa
affiliates | Affiliates goodsimports | percentage of
Income class sales* from parent* sales
Lessthan $1,000 37 3.7 0.2 54
Between $1,000 & $5,000 151 34.3 3.0 8.7
Between $5,000 & $15,000 171 333 2.1 6.3
Between $15,000 & $25,000 599 210.1 12.5 6.0
Greater than $25,000 221 1294 5.8 4.4
Per centage of All-Countries Total

Less than $1,000 3.1 0.9 1.0
Between $1,000 & $5,000 12.8 8.3 12.8
Between $5,000 & $15,000 14.5 8.1 8.9
Between $15,000 & $25,000 50.8 511 52.9
Greater than $25,000 18.7 315 244

* Affiliates sdes and intrafirm imports are in billions of current dollars.
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Table5: List of Explanatory Variablesand Their Expected Signs

Variable Definition Expected Sign
Parent and MNC-Related Variables

Parent R& D intendty R& D expenditures of the parent company as a share +
of itssdes

Multinationdity Foreign-affiliate assets as a share of the MNC'stotd -
assets

Parent size Parent company’ s value added net of operating +
profits (millions of dollars)

Parent capitd intengity Net property, plant, and equipment per employee of +
the parent company (millions of dollars)

Host Country-Related Variables

Country Sze GNP in 1994 (hillions of dollars) -

Country income level GNP per capitain 1994 (thousands of dollars) -

Digtance Distance of host country capita from Chicago -
(thousands of kilometers)

Commercid energy use | Kilograms of oil equivaent per capita +

Gross domestic GDI as a percent of GDP +

investment

Urbanization Urban population as a percent of tota population +

Education Percent of people 15 years of age and older who are -
illiterate

Affiliate-Related Variables

Sdesto parent Sdesto the U.S. parent company as a share of the +
affiliste' stotal sdles

Affiliated sdesto third Sdesto affiliated partiesin third countries as ashare +/-

countries

of the affiliate stotd saes

Unaffiliated salesto
third countries

Sdesto undffiliated partiesin third countriesas a
share of the affiliste’ stota sales
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Unéffiliated sdesto the
United States

Sdesto unaffiliated partiesin the U.S. as a share of
the effiliate stotd sdes

Unaffiliated sdles to host
country

Sdesto undffiliated parties in the host country asa
share of the affiliate’ stotd sales

Former wholesdletrade | Dummy variable for manufacturing affiliate that hed +
dfiliate been dlassfied in wholesdle trade in any of the years

1982-93
Affiliate R&D intengty R& D expenditures of the affiliate as a share of its +/-

sdes
Same indugtry asthe Dummy if the parent and the ffiliate are in the same +
parent industry

Other Variables

Divighility of the Imports of products in that industry under provision +

production process

9802 over totd imports of productsin that industry in
1994
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Table 6: Regression Results

Variable Cosfficient SE.
Parent R&D intengity 0.508™ 0.213
Multinationdity -0.242""" 0.063
Parent sze 0.0001 0.001
Parent capitd intengty 0.0003" 0.0001
Country Sze 0.001 0.01
Country income leve -0.005" 0.003
Digtance -0.022 0.020
Commercia energy use 0.00002" 0.000001
Gross domedtic investment 0.015™" 0.002
Urbani zation 0.002""" 0.0008
Education -0.0004 0.002
Sdesto parent 0.145 0.086
Affiliated sdlesto third countries -0.240°"" 0.078
Unaffiliated sles to third countries -0.154" 0.077
Unaffiliated sdesto the United States -0.650""" 0.133
Unaffiliated sdes to host country -0.143" 0.063
Former wholesde trade dffiliate 0.063" 0.035
Affiliae R&D intengty -0.628" 0.274
Same industry as the parent 0.061"" 0.021
Divighility of the production process 0.668"" 0.263
Congant -0.143 0.177
Obsarvations 1,444

L eft-censored obs. 304

Chi-Square vaue (66) 399.73

Prob>chi-square <0.00001

" Sgnificant a 10%level ™" Significant at 5% level

Sonificant a 1% leve




Table7: Elasticities

Variable Eladticity
Parent R& D intendity 0.11
Multinationdity -0.45
Parent 5ze 0.02
Parent capitd intensity 0.13
Country Sze 0.02
Country income leve -0.39
Distance -0.64
Commercid energy use 0.37
Gross domegtic investment 1.39
Urbanization 0.80
Education -0.005
Saesto parent 0.05
Affiliated slesto third countries -0.15
Unaffiliated sdesto third countries -0.08
Unaffiliated sdlesto the United States -0.06
Undffiliated sdes to host country -0.37
Former wholesde trade affiliate 0.02
Affiliate R&D intengity -0.04
Same indugtry as the parent 0.16
Divighility of the production process 0.21






