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1 Introduction

For advanced lndustriallzed economles, the era of globalization has
created key roles for both the foreign outsourcng of intermediate inputs
and intra-firm trade.! Recent papers, including Feenstta and Hanson
{1996} and Bralnard (1997), have treated these subjects separately, but
their interaction and possible intersection (namely, transnational inira-
firm trade in intermediate inputs} have received lttle attention.? Low-
cost foreign outsourcing has Jong attracted many firms, whether part of
a multinational enterprise or acting as independent companies. Increas-
ingly, however, organizational and other consideratlons have motivated
firms to use imported inputs from affiliates abroad, instead ofinputs from
arm's-length domestic manufacturers; this activity amounts to vertical
integratton across borders. This process of intra-firm offshoring seems to
be particularly intense in the case of high-tech sectors. Indeed, one of
the signal attributes of 2 manufactured high-tech product Is the extensive
nature of its value-chaln, the number of intermediate products and ser-
vices, and the global, fragmented, nature of the frnal cutput.? Progress in
transportation, communications and standardization has signlficantly
increased the fragmented nature of production. The high-tech value-
chain is now a multilateral, multinatlonal production mosaic, Invelving
many countries but often just one firm or a group of affillated firms.
The phenomenon of forelgn outsourcing is no longer restricted to
the manufacturing sectors. Business-process and business-services out-
sourcing 1s gathering momentum, and jobs and occupations ranging
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fram medical transcription to stock-market research are being outsourced
to other countries. As with manufactering, this kind of sutsourcing also

" encompasses both cutsourcing to arm's-length firms, as well as to subsl-

diares and affiliates in forelgn countries. Although similar Issues atise In
ot goods and services, data limitations constrain us to consider only
goods trade here,

In this chaptet we lock at intra-frm trade and imported intermediate
inputs, with a special focus on the high-tech computer industry. The
maln questions we pose are:

{iy What are the cross-country determinants of US lmports of interme-
diate inputs?
() What Is the relationshlp between imported intermediate inputs and
intra-firm fmports?
{tfll) Does the importance of intra-firm and intermediate input trade vary
across industry lines?

The forelgn affiliates of US multinational enterprises (MNEs) can
provide elther distribution or production Ffacilities for thelr parent com-
panles, and here we focus on affiliates functloning as production centres.
The output of these affiliates can be directed In several ways:

(i} to the MINE parent; -
{il} to custemers in the home country of the MNE; and
(lil} to worldwide customers of the MNE.

Category (1) is one form of intra-Brm imports for the USA. The other,
Symmetric, form of intra-frm US imports occurs when 2 foseign-based
MNE ships goods to Its US-based affiliate. Both types of intra-firm trade
will be influenced by industrial organization factors such as transactions
Costs, as well as specific international trade factors such as tariffs, long-
distance tzansportation costs, worldwide marketing, and Issues related
10 taxztion and exchange rate hedging,

intra-firm trade can cover both final and intermediate goods. This
chapter focuses on Intermediate goods, The use of imported interme-
diate inputs in manufacturing depends on the industrial organization
and International trade factors just mentioned, as well as on supply
chaln management tools that control demand, supply and quality
varlzbiltty. Global economic integration has allowed MNEs o create frag-
mented, sequential production processes by locating their intermediate
PFoduction activities in various parts of the world, Together with such
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gom medical transcription to stock-narket research arebeing outsourced

" yo other countries. As with manufacturing, this kind of outsourcing also

encompasses both outsourcing to arm’s-length firms, 2s welt as to subsi-
diartes and affillates in foreign countries. Although similar issues arise In
path goods and services, data limitations constrain us to constder only
mﬁo& trade frere.

[n this chapter we lock at intra-firm trade and imported intermediate
inputs, with a special focus on the high-tech computer industzy. The
main questions We pose are:

{i) What are the cross-country determinants of US imports of interme-
diate inputs?
{i) What is the relationship between imported intermediate inputs and
intra-firm imports?
{il) Does the importance of intra-firm and intermediate input trade vary
across industry lines?

The foreign affiliates of US multinational enterprises {(MMNEs) can
provide elther distribution or production facilities for thelr parent com-
panies, and here we focus on affiliates functioning as production centres.
The output of these affiliates can be directed in several ways: :

() tothe MMNE parent,
(1) to customers in the home country of the MNE; and
{5 to worldwide customers of the MNE.

Category (i) is one form of intra-firm lmports for the USA. The other,
symmetric, form of intra-imm US imports occurs when a forelgn-based
MNE ships goods to its US-based aifillate, Both types of intra-firm trade
wilt be influenced by industrial organization factors such as transactions
costs, a5 well as specific international trade factors such as tariffs, long-
distance transportation costs, worldwide marketing, and issues related
to taxatlon and exchange rate hedging.

Intra-firm trade can cover both final and intermediate goods. This
chapter focuses on Intermediate goods. The use of imported interme-
dlate inputs in manufacturing depends on the industrial organization
and lnternational trade factors just mentioned, as well as on Supply
hain management tools that contre} demand, supply and gquality
Variability. Global economic Integration has allowed MNEs to create frag-
Mented, sequential production processes by locating thelr Intermediate
Production activities in-various parts of the world. Together with such
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Table 2.1 [mports into the USA by trade categories

{percentages of toial imports)
1992 1997
Intermediate inputs/final goods
Fercentage Intermediate inputs a7 38
Percentage final goods 63 62
Intra-firmfarm's-length
Percentage Intra-firm 43 52
{a) US MNEs 17 30
{b) Forelgn MNEs 26 22
Percentage amm's-length 57 48
Total lmports (US$ blilion) 505 748

Sowrpe: See Appendlx on page 37.

fragmented production comes an intensive trade in intermediate inputs
for the purpose of production of the final manufactured good.!

Table 2.1 shows aggregate US dats on intermediate-Input imports and
intra-Grm imports, for 1992 and 1997, Approximately three-eighths of
all US goods imports have been intermediate inputs {the remainder are
fnal goods). About 43 per cent of ail US goods Imports arrived through
intra-frm channels in 1992, rising to 52 per cent in 1997 (the remainder
came through amm’s-length channels). The computer industry is a partic-
ularly telling example of both intermediate input and intra-firm trade.
The complexity and sophistication of the end products of this sector
dictate 2 wide range of specizlized production activities and stages, and
hence a large numbser of intermediate inputs. The geographical spread
of the production base of mast of the large multinational firms in this
industry tesults in a brisk international trade In intermediate products.

The empirical tests in this chapter focus on US imports, because of the
importance of US MNEs in international trade, and because the US Bui-
eau of Economic Analysis (BEA) has provided high-guality tabulations of
severdl especially relevant data sets. First, the BEA publishes detalied data
on intra-firm trade 1n goods, involving both US and foreign MJEs and
their respective affillates. These data are based on extensive benchmark
surveys taken every Eve years, a5 well as smaller annoal surveys. The BEA
also publishes related data on US foreign direct investment both abroad
in the USA. Finally, US imported intermediate inputs can be computed
by combining three BEA data sets:

{i) an input—-cutput data set, based on the 1992 and 1997 US Census
of Manufactures, is applied to determine the total quantity of
intermediate inputs by industry; . - ‘
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) Industry import data are used to estimate tmported Intermedlate
Inputs; and

(i) import data by industzy and country of origin are then used to
estimate Imported intermediate inputs by country of origin.

see the Appendix {page 37) for how we determine Imported inputs by
tndustry and country of origin,

Previous studies Involving imported intermediate inputs have applied
only steps (i) and (1) of this methodology. Also, these studles primar-
ily use industry data and have focused on the labour market impacts
or exchange rate exposures.® Our analysis, in contrast, focuses on a
country cross-section, and applies the data to study the intersection and
Interaction of imported Intermediate inputs and intra-firm trade.

2 Literature review

The issue of intra-firm trade Is linked inextricably to the study of multi-
nationals and of foreign direct investment (FDI). A large part of the FDI
Iterature deals with its country-wise determinants, such as size, relative
endowments, and trade and investment costs {Carr et al., 2001). The lit-
erature also studiss reiative rates of return (Chemnotsky, 1987 and, in
the case of foreign investment 1o R&D activity, the size of the scientific
base (Kuemumele, 1999) and company strategies to tap locally-embedded
expertise cr to develop an organizationally complex international net-
work for technological leaming (Cantwelt and Santangelo, 1999}, There
Is also 2 literature that assesses the impact of FDI on the local host eco-
nomy in terms of its impact on innovaton (Glass and Saggi, 2002),
on benefits accruing from increased competition and efficiency gains
{Graham and Wada, 2001}, and on economic growth {Zhang, 2001; Nair-
Welchert and Weinhold, 2001) or, on the other hand, the lack of robust
Izfluerice of FDI on growth {Carkovic and Levine, 2005).

For our purposes, the literature that deals with transnational vertical

Antegration and inkra-frm trade is of even greater relevance, Forexample,

Wilamoski and Tinkler (1999} show that there was a rise of intra-Grm
txports and Imparts between the USA and Mexico as 2 result of US
DI in Mexlco. Gther studies of multinational firms have looked at the
Moetivation behind investment abroad, and whether FDI complements
Of substitutes trade (Konan, 2000; Roy and Viaene, 1958). Konan's the-
oretical model, In particular, shows that intra-firm trade inintermediate

_B9ods implies that vertical investment complements rather than subst-

tites for trade, Lipsey and Welss (1981) show that foreign E&:ﬂmn&.@q

L ncm_.ﬂ.ﬁnuﬁ not, on balance, substitute for éxports by-that firm to the-
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area in which the production cccurs, and that a firm’s output in a for-
elgn area and the firm’s exports from the USA to that area are positively
correlated, particularly for exports of intermediate goods.

Another branch of the intra-firm trade literature deals with s determ.
inants. For example, Helpman (1984} develops a model that generates
shares of lntra-fitm trade as a function of relative nation size and vari.
atons in relative factor endowments. A large literature also exists op
transfer-pricing and taxation Lssues, and their relationship with intra-
firrn 1rade (Taylor, 2002, while Madan (2000) shows how dlfferent levels
of taxation in the host-countTy give rise to a different mix of intra-firm
trade in final and intermediate goods.

Turning to outsourcing, Grossman and Helpman {2002} study the
determinants of gutsourcing locations it a giobal economy, using a gen-
eral equilibrium trade model. Costly searches and incomplete contracts
are critical in this model, The relative thickness of markets for input sup-
pliers, relative search costs, and the contracting environment have an
impact on the extent of global cutsourcing. Countries with an active
inputs market and reliable contracting environment would be relatively
dependable sites for outsourcing. In an empirical study, Andersson and
Fredrikson (20037 show that internal irports of intermediate goods by
Swedish firms were dependent on the international organization and
concentrabion of production, market stze and R&D expenditures,

The Jarge volume of literature reviewed in this secHon confimns the
importance attached to the separate topics of intra-fiom trade and
Imports of intermediate inputs. On the other hand, the combination
and integration of these two key aspects of globalization appears not to
have been studied. This intersection of intra-firm trade and imports of
intermediate inputs is thus the fecos of our empirlcal tests, to which we
now turn.

3 Analysis

To start, it is useful to clarify the relationship between imported inter-
mediate inputs and intra-firm impoits. This relationship is illustrated
in Figure 2.1. The full 360-degree circle represents the total amount of
goods imported by the home country from any given foreign country in
any given year. The right hemisphere (gquadrants 1 and 2) show intra-firm
imiports, representing transactions between a MME and its affiliate, either
from a foreign affillate to a home country MNE, or from a foreign MINE
to its home-country-based affiliate. Intra-firm trade can occur in either
interrediate inputs or final goods, represented by quadrants 1 and 2
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Flgrre 2.1 Total imports into the home country classtiied as intermeddiate inputs
of final goods and as intra-firm or arm’s-length rade

of the circle, respectively. The left hemisphere (quadrants 3 and 4) rep-
resents impors from arm's-length trading partners, meaning that these
{imports are not carried out within the same firm, Anw's-length trade can
also occur in either intermediate inputs or final goods {in quadrants ¢
and 3, respectively).

The quadrants in Figure 2.1 are of equal size only for graphical con-
venience. It fact, a primary goal of this study is to determine the average
stze of these quadrants, and to determine the factors that cause the quad-
1ant sizes to vary across countries. As already noted in Tabie 2.1 for 1997,
howewer, we do have Information concerning the size of the two sets of
hemlspheres in Figure 2.1:

* 38 per cent of all US imports were intermediate goods and 62 per cent
final goods; and :

* 52 per cent of alt US imports were tntra-firm imports and 48 per cent
arm’s-length.

Also, about three-fifths of all intra-firm imports were carried out by
Unlted States MNEs, the remalnder being imports by the US affiliates
of forelgn multnationals.

The size of the four quadrants individually cannot be derived from
aggregate data that only separate infra-firm from arm's-length trade, and
intermediate from final goods trade. We need three pieces of independ-
ent information, in addition to the total amount of imported goods (the
slze of the circie), to determine the size of each quadrant, Data that
Separate (i) intra-frm and arm’s-length trade; and (i1) Infermediate and
final goods trade, provide only two pieces of independent information.
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In fact, we know of no standard data set that provides separate quadrant
sizes. However, the information we have Ulustrated in Flgurs 2.1 ang
summarized in Table 2.1 for aggregate imports into the USA are also
available on a disaggregated basis by country of origin (that s, the
exporting country). These data have the potential to provide substan-
tially more information zbout the distribution of import flows across
the four quadrants.

As a simple example, assume the split between intra-fitm and arm’s.-
length trade 15 S0-50, and the split between intermediate input and
final goods trade is also S0-50. With no Further information, we can-
not know the size of each of the four quadrants shown in Figure 2.1,
Now also assume that intermediate input and intra-firm imports always
oceur together, and that final goods and arm’s-length imports also always
occur together, alihough the two factors may vary across countries. This
pattern is still consistent with an 50-50 aggregate split between intra.
firm and arm's-length trade, and between intermediate inputs and final
goods trade. But the disaggregated patterns provide additional inform-
ation. In particular, we now know that quadrants 2 and 4 of Figure 2.1

must be empty, and that exactly 50 per cent of the trade would appear

in each of quadrants 1 and 3,

This example illustrates why data disaggregated by country of origin
may provide Insights into the aggregate data that are not available from
the aggregate data directly. It Is, of course, a stylized case, [n the real
world, the best hope is to find that the cross-countty comrelations for
the various import categories are sufficiently informative to allow us to
dedipher the true structural features with a reasonable level of confidence.

Table 2.2 shows total imports and input imports into the USA from
the major countries of origin in 1997, The table also provides input
importsftotal imports ratios and intra-firm imports/total imports ratios
by country; for all data, see the Appendix on page 37. Much greater
variation is apparent in the intra-fizm import ratios. More than 70 per
cent of the exports to the USA from countries such as Japan are carried
out through intra-firm trade, while at the other end of the spectrum,
imports from Talwan are primarily of an arm’s-length nature. The table
also reflacts the diverse nature of the countries shipping Intermediate
inputs to the USA, covering developing and developed countries, and
European and Aslan countries alike: a true testimontal to globalization.

Table 2.3 shows total imports and intermediate input imports for the
four industries with the largest amount of total imports among all US
3-digit NAICS industries in 1997. The table also shows the top three
"~ countries of origin for Intermediate inputs for each Industry, Computers
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Table 2.2 1997 lmports into the USA by trede categories and

selected major couniries
Tirtal Imports fmput imporis/  Intro-firm importsy
(U3 Eillions) iotal liporis total imparts
(ratio} {ratfo}
Canada 168 0.40 0,47
121 0.42 0.71
ﬁmﬁﬁa 86 0.36 0.35
Germany 13 043 0.50
China 63 0.2% 0,10
UK 33 .43 047
Talwan 33 .42 0.08
France 21 .46 0.38
Korea 23 0.36 022
[taly 19 0.40 0.67
US total 748 0.38 0.52

Source:  See Appendix on page 37.

Talle 2.3 Imporied inputs into the USA, by largest importing industries, 1957

Total imports  Inputimports  Joput irparisy Top three countries of svigin
(USS billiors}  (USE bililons)  fobal fmparls  for tnpeils

{rariz)

Computers and 173 68 0.39 Japam, Taiwan, Mexco
electrondcs
INAICS 334

Transportadion 149 72 0,48 Canada, [epan, Mesico
equipment
NAICS 334

Wachinery 65 35 0.54 Japamn, Canada, Germany
EnCEpt
electrical
MALCS 332

Chemicals 51 28 051 Canada, Japar, Germany
MAICS 325

Source:  See Appendix on page 37,

and Electronics (NAICS 334) and Transportation Equipment (NAICS 338)
are first and second, respectively, with regard to both total Imports and
Input imports. The input import ratio of 39 per cent for NAICS 334 is
Somewhat lower than the other industries shown, since many computer
and electronic products zre fully assembled abroad and imported as final

Boads,
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4 Regression estimates

We now turn to regression tests on intra-firm and intermedlate inpyt
imports Into the USA. OQur dependent variable is the log of US inter-
mediate input imports from a cross-section of countries of origin, The
descriptions for all data are glven in the Append!x on page 37. We estim.
ate multivariate cross-section regressions for the years 1992 and 1997
separately to determine which factors are correlated most highly with
the cbserved cross-country pattern,

Qur specification starts with a one-direction version of the gravity
model, since we are looking only at the imported intermediate inputs
from each trading partner to the USA (see Feenstra ef 4., 2001, for
a recent survey).® We then modify the standard model by including
intra-firm and arm’s-length goods imports by country as additionai
explanatory variables. We also separate intra-firm trade into imports
from the foreign affillates of US MNEs, and imports from foreign
MNEs to their US affiliates. The following ate the primary independ-
ent varlables (al! variables apart from the Asian dummy are measured
in logs}’

[FUSA  USimports from the foreign affiliates of US-based MNEs;

IFFOR  US imports from forelgn-based MINEs to their Us-based
affiliates;

ARML  US imports sent to arrm’s-Tength recipients (=total US
imports — [FUSA — IFFOR).

GDPPC  Gross domestic product (GDP) per capita of the country of
arigin of imports;

POP Population of the country of origin;

DIST Great Circle distance between largest city of foreign country
and Kansas Clty, Missoud,® and

ASIAN  Dummy variable: I for Asian countries of Asia-Pacific
Economic Cooperation.

The results in Table 2.4 are divided into three parts. Part A has the log of
imported intermediate inputs as the dependent variable, and the regres-
sion is estimated on a cross-section of forty-eight countries for which data
are available for 1992. Equation 1 is a standard gravity model, based on
per capita GDP, population (as a measure of size), distance, and a dummy
vartable for the Asian countries. The adjusted R* is over 75 per cent,

indicating that an important share of the cross-country distribution of

US imports of Intermediate inputs can be explained on the basis of grav-
ity variables alone. We also tested a variety of other gravity variables, but
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Table 2.4 Regresslon results
Eg ¥ Comstant FUSA  [FFOR ARML GDPPC POP  DIST  ASLN  AdL AT

e

pact A Trmparted intermediate Inputs Is the dependent varlable — 1992 data

1 —5.31 092 077 —1.080 1.5 LA
el L t.a4* B80T @antt pan™
2 -531 0008 805 0,80 049 08 -019 047 0.B35

@56t 0L oFe G538 @27 s 2 (L1
Fan B Tmported intermediate inputs ks the dependent variable — 1997 data

3 _7.96 93 087 -08% 165 0763
@™ 15" @38 @3e*t @™
F -293 017 .24 0.6 0.24 022 013 4R 11 0950

st o™ dsntt san™ 250 2t pen ey

part C Hightech [MAICS 324} {mported intermediate inputs [s the dependent
variable — 1597 data

s ~2793 154 134 055 339 058
(33" See*t 5465 0oy a5
6 ~23.25  0QF7 038 008 050 039 092 154 073

230" 250" LI 038 (L1 (09 (174 (LEMT

Notes:  Ordinary least squares with White heteroskedasticity adjwtment,
Absolete values of f-statlstics shown In parentheses; *significance at 10%, "*sgnificance

at 5%,
All regresslons are estirmated on a cross-section of countries; 43 countries oy 1992; 38 counlries

in 1327,
All data are In logs except ot the Aslan dummy.
Ser Appendix (p. 37) for detalled description of data series,

Sowree: Authors' calculztions.

none were consistently significant. Our basic results would be unaffected
by including any of these variables,

Bquation 2 in Table 2.4 adds three disaggregated import flows as poten-
Hal determinants of imported intermediate inputs. Their coefficients
measure the elasticity of imported lnputs with respect to sach of the US
import categories. The results indicate that intra-firm trade was related
primarilytc final good imports as of 1992. We also tested fora direct effect
of US forelgn direct Investment in each country, but it did not provide
an Independent effect over and above that of the related intra-Arm trade
flows, We also estimated all the equations in Table 2.4 using instrurnental.
Vatiables, but none of the results were changed in any substantive way.?

Part B of Table 2.4 repeats the estimation of Part A for 1997 data. The
sample size is now only thirty-elght countries, since the 1992 data rely on
a special tabulation carried out by the Bureau of Economic Analysis (see
Lelle, 1997), and a comparable tabulation is not yet available for the 1997
data. Equation 3 provides estimates based on the gravity specification
2lone, with results similar to those obtained for the 1992 data, Equation 4
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adds the same three !mport variables used In Equation 2. The coefficien;
estimates for 1997 for these variables Indicate a significant increase In
the importance of intra-firm trade, related to both US and foreign MNE;,
and a corresponding reduction in the impertance of arm's-length trade,
85 a determinant of imported Intermediate ingruts, This is an Important
result, since It confirms the vlew that MNEs are incyreasingly using lotra-
firm offshoring as they decentralize their production: processes1®

Part C of Table 2.4 repeats Parts A and B {with 1937 data), but the
dependent variable is now the log of Imports of only high-teck inter-
mediate inpats, defined here as NAICS code 334.'t Equation 5 begins
with the gravity model variables, but with two notable differences from
the results in Equations 1 and 3. PFirst, the distance varlable is now
much less important. This 1s understandable, since high-tech imports
are commoniy refecred to as ‘weightless’ in terms of their value-to-weight
ratio, Implying that they are much less sensitive fo transportation costs.
Second, the Asian country dummy is much more important than it was
in the earller equations. This too makes sense, since there Is other evid-
ence that the Asian countries are of Increasing importance as sources of
intermediate inputs for US high-tech industries.

Equation & of Tabie 2.4 adds the impent variables to the basic gravity
model for high-tech imported inputs. Compared with Equations 2 and 4,
Equation & Indicates that U5 imports of high-tech intermediate inputs
depend primarlly on intra-firm trade {and not arm’s-length transactons),
and especially on imports by US MNEs. Indeed, imports by US MMEs are
now the predominant source of imported high-tech intermediate inputs
into the USA. This result provides empirical verification of the view that
offshoring has become especially important for US MNEs in high-tech
Industries.

5 Conclusions

High and growing levels of intra-firm trade, and trade in intermedi-
ate inputs, are among the stylized facts of international trade, and are
thought to play key roles in the new era of globalization. Although,
Individually, they have been studied intensively, [Ittle attention has been
pald to their Interaction — that Is, intra-firm trade In intermediate inputs.
One major problem has been the absence of data that could measure the
amount of intra-firm trade involving intermediate Inputs, or vice versa.
Our study offers two primary innovations. First, we have developed 2
data set of imported intermediate inputs by both industry and country

~ of origin. Second, we have used estimates from 2 regressioft model with
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intermediate inputs imperted Into the USA as the dependent variable to
determine the absolute and relative importance of intra-frm imports as
a deferminant of trade in intermediate inputs.

Our key results, from Table 2.4, are:

{1y intra-firm lmports wete a relatlvely unimportant sowrce of interme-
dlate lmports as of 1992. Most US intermediate goeds imports at
that time were the result of arm's-length trades,

) By 1997, intra-firm trade, by both US and forelgn MNMEs, had
become very lmportant as a sowrce of imported interrnediate inputs,
However, armi's-length trade also remaiced a slgnificant determin-
ant of US intermediate inpust imports.

{lif) Standard gravity model variables were found to be imporiant
determinants of US imports of intermediate inputs, in additlon to
the key tole of intra-Brm frade variables.

(iv) Estlmateswere also derived for figh-tech intermediate input imports,
defined as NAICS code 334, which represents computers and efec-
tronic products. These additional results were:

{2} Transportaztion costs, measured by distance, were not.a major
findrance to high-tech intermediate Imports, consistent with
the high-value, low-weight, character of these goods.

(v Intra-frm trade (not arm’s-length transactions), and especially
imports by US MNEs, were the key determinants of high-tech
intermediate input nports, consistent with the view that off-
shoring has become especially important for U5 MNEs in high-
tech industries. [n particular, US MNEs were responstble for
more than two-thirds of all imports of high-tech intermediate
Inputs into the US,

For further research, we plan to investigate intra-firm trade flows and
Outsourcing in services, as well as to study the possibility of spillover
effects of intra-firm trade, and trade in intermeciate inputs on trade
owverall,

6 Appendix

6.1 Computation of imported intermediate [nputs by

country of origin

To calculate imported intermediate inputs by sector and by country of orlgln, we
*pplied the following formulae to each é-digit input sector in US manufacturing




o T T Ee g e BT R AT S TR AR R e e

{ali amoants i USS blllions):

M v
==
y ﬁﬁ__u_.lkh..Tw.E n
Where

f=amount of sector i goods wsed as lnputs in all US manufacturing (from
US Census of Manufacturing DnputfQutput data for 1992 and 1997,
respectivelyy; .
i, = imported Inputs of sector ! goods;
M, = total Imports of sectar § goods;
- Py =US production of sector § goods; and
Xi =S exports of sector i goods.
Thebaslc assumption hereis that, for any input sector, the percentage that imports
of intermediate input represent of total intermedate inputs is the same as the
percentage that leaports represent of all net sources of that commodity (= P; -
X+ M) ’
By = Mydh 2
Where
By =1mporied intermediate inputs of sector { from country ¢; and
My = sector { imports from country ¢ as a proporton of US tetal sector | imports.

The baslc assumption here is that country <3 share of imported Intermediate
imports of sector [ goods equals that country's share of all imports of sectar |

gooxls.

6.2 Data sources

6.2.1 Trade data by countries and industries

Alj mmport deta by countrles and industties are from US International Trade
Commission's Trade DataWeb website: http:/fdataweb.usitc.gov,

6.2.2 Intra-firm frade imporis by couniry of origin
Data for 1992 are from Zeile (1997); data for 1997 are from Malaloni {1999) for
U5 WMIMEs, and from Zeile {1999).

&2.3 Gravity model variahies

Tie distance data have been calculated using Encarta. Gross domestie product
(GDP), Gross domestle product per capita (GDEPC}and Population (POP) are [rom
the World Bank dalabase: htipiffdevdars.worldbank.orgfdata-query,

Notes

1 3ee Mackusen (1995), Douglas {1996) and Feenstra {1998) for surveys of the

* basic patterns for international trade, with particular atterition to intra-frm
trade and |nternational cutsourcing.

2 Other recent studles of trade and sales by multinatlona! firms and their

affiliates include Zeile [1997), Markusen and Maskus (2001} and OECD
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f2002}. Other recent studtes of international outsourdng include Hummels,
Raporport and ¥t {1997, Campa and Goldberg (1997} and Swenson {2000).

3 Qutscurdng isnotasequential conceptin the sense that the final assembly is
necessazily done in the develosped country after importing the intermediate
imputs; sometimes the finai assembly is done abroad after a serfes of cross-
barder transactlons and trade.

4 See Armndt and Kierzkowski {2001) for a collection of papers on fragmented
mn.Dn.EHmbﬁr

& Work on this method was pioneered by Campa and Goeldberg (1997), Feenstra
and Hanscn (1996) and Humuaels, Raporport and Y (1997),

§ The gravity equation has been derived by economists from basic princlples of
international economics, The equation: postulates that bilateral ade between
rwo ccuntries would be proportionat to the product of thelr respective outputs
and declining in distance between them. Deardorff (1995) shows how the
baslc Heckscher-Ohlin model of international trade can lead to a2 graviry
specification for bilateral trade. Hardgan (2001} reviews the theoretical and
empirical literature on gravity models, and similarty stresses the cole played
by relative as well as absolute bansportation, and other trade and transactions
oDsts.

7 We glso note that the following identity holds among the trade vanables
{also s=e Figure 2.1): Total Imports = intermediate input imports + final geed
Imports = IFUSA + IFFOR + ARML.

8 We have alse calculated distances to some of the larger countries, such
as Russla, Indla and Australia, by taking inte accound the country's size,
rather than the distance to the largest clty, with insignificant impact on the
results.

9 The two instruments were: {i} an Index of competitiveness that took into
account the investroent climate and availabitity of skilled labour, among
cther measures, and {11} the share of high-tech exports In total exports,

18 It is usefud at this point to note again that our import data cotrespand only
to goods imports. We hope to conslder trade flows in services at a later ime.

11 Specifically, NAICS 334 is defined a3 Computers and Electronic Product
Manufacturing, and inciudes semiconductors, scientific instruments and
telecommunications equipment.

12 Components imported for sale in the aftermarket a5 spare parts do not count
a5 intermedlate goods but are conside red Anal goods, since they are not used
as Inputs in production.
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