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FIRMS, CONTRACTS, AND TRADE STRUCTURE*

PoL ANTRAS

Roughly one-third of world trade is intrafirm trade. This paper starts by
unveiling two systematic patterns in the volume of intrafirm trade. In a panel of
industries, the share of intrafirm imports in total U. S. imports is significantly
higher, the higher the capital intensity of the exporting industry. In a cross
section of countries the share of intrafirm imports in total U. S. imports is
significantly higher, the higher the capital-labor ratio of the exporting country. I
then show that these patterns can be rationalized in a theoretical framework that
combines a Grossman-Hart-Moore view of the firm with a Helpman-Krugman
view of international trade. In particular, I develop an incomplete-contracting,
property-rights model of the boundaries of the firm, which I then incorporate into
a standard trade model with imperfect competition and product differentiation.
The model pins down the boundaries of multinational firms as well as the inter-
national location of production, and it is shown to predict the patterns of intrafirm
trade identified above. Econometric evidence reveals that the model is consistent
with other qualitative and quantitative features of the data.

I. INTRODUCTION

Roughly one-third of world trade is intrafirm trade. In 1994,
42.7 percent of the total volume of U. S. imports of goods took
place within the boundaries of multinational firms, with the
share being 36.3 percent for U. S. exports of goods [Zeile 1997].
Not only is intrafirm trade a large fraction of world trade, but it
also shows some distinctive patterns. Relative to the total volume
of trade, intrafirm trade (i) is heavily concentrated in capital-
intensive industries and (ii) flows mostly between capital-abun-
dant countries. Figure I provides a striking illustration of the first
fact. In a cross section of 23 manufacturing industries, the share
of intrafirm imports in total U. S. imports is significantly higher,
the higher the capital intensity of the exporting industry. Firms
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FIGURE VII
Share of Intrafirm Imports

IV. EcoNOMETRIC EVIDENCE

In this section I use data on intrafirm and total U. S. imports
to test more formally the empirical validity of the main results of
the paper. I first study the relationship between factor intensity
and the share of intrafirm imports in total imports, and show that
the clear correlation in Figure I is not driven by other omitted
variables. Next, I move on to the relationship between relative
factor endowments and the share of intrafirm imports. The link
predicted by Proposition 2 is confirmed even when controlling for
other factors that could reasonably be expected to affect this
share. Finally, I analyze the determinants of the total volume of
intrafirm imports and show that, consistently with Lemma 1,

its industry, and the location of intermediate-input production, the share of
intrafirm imports is again given by equation (22) up to a constant factor of
proportionality.
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total intrafirm imports are significantly affected by both the capi-
tal-labor ratio and the size of the exporting country.

IV.A. Specification

The first hypothesis to test is that the share of intrafirm
imports is higher, the higher the capital intensity of the exporting
industry. The model presented above actually has the stark pre-
diction that the share should be 0 for industries with capital
intensity B, below a certain threshold § and 1 for industries with
B, > B. As I illustrate in Antras [2003], however, if the statisti-
cian disaggregates the data into M industries following a crite-
rion different from the one dictated by preferences or technology,
the model can be shown to predict a smooth positive association
between the recorded share of intrafirm imports in a given indus-
try and the recorded average capital intensity in the industry.?®
In the econometric results below, I report estimates from regres-
sions of the form,

(23) In (S75ROW) =0, + 0, In (K/L),, + W},,05 + €,,,
f

where (S Sf’R OW) is industry m’s share of intrafirm imports in

total U. S. imports from the rest of the world, (K/L),, is the
average capital-labor ratio in the industry, W, is a vector of
controls, and €,, is an orthogonal error term. The vector W,, is
included to control for other possible industry-specific determi-
nants of the integration decision. Since I observe the share
(S;_p), in four different years, I also include industry effects in
the regressions below. In light of Proposition 1, I hypothesize that
0, > 0.

The second hypothesis that I test is that, in the cross section
of countries, the share of intrafirm imports in total imports is
higher, the higher the capital-labor ratio of the exporting country.
Equation (22) actually provides a closed-form solution for this
relationship. Denoting the importing country by US and the
exporting country by j, and applying a log-linear approximation
to (22) leads to the following specification:?°

28. As pointed out by a referee, the smooth pattern in Figure I could also be
the result of idiosyncratic preferences by firms concerning the outsourcing deci-
sion. An explicit modeling of such firm-level heterogeneity would, however,
greatly complicate the general-equilibrium analysis.

29. In particular, I log-linearize (22) around K’/L’ = K/L, and obtain

1 - op)oL (1 K’ ) K)
S E—— —In+).

In S5 lomi—rr, = In () + n—77 T
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24)  In (ST =v1 + vo In (K/L) + y3 In (/) + W}y, + €,

where S?,Sf’j is the share of intrafirm imports in total U. S.
imports from country j, K’/L’ is the capital-labor ratio of country
Jj, L’ is population in country j, W, is a vector of controls, and €; is
an orthogonal error term. The theory predicts that v, should be
positive. In fact, from the log-linearization, we can derive a much
more precise prediction; i.e., vo = (1 — oo /(1 — o, — By).
This implies that the elasticity of the share of intrafirm imports to
the capital-labor ratio should not be lower than the labor share in
the economy. Furthermore, from the last statement in Proposi-
tion 2, we should not expect vy; to be significantly different from
zero.

The third test I conduct consists of running a regression
analogous to (24) but with the log of total intrafirm imports
(instead of its share in total imports) on the left-hand side. In
particular, I consider the specification,

(25) In (MUSY) = 0, + 0y In (K/LY) + 03 In (I7) + Wi, + €.
f J J

In view of Lemma 1, both w, and ws should be positive. Further-
more, it is easy to show that the model imposes the restrictions
wy > v, and w; = 1.3° In words, the total volume of intrafirm
imports should be more responsive to the capital-labor ratio of the
exporting country than its share in total imports, while its elas-
ticity with respect to the size of the exporting country should be
one.

IV.B. Data

The left-hand-side variables are constructed combining data
on intrafirm U. S. imports and overall U. S. imports. Intrafirm
U. S. imports include (i) imports shipped by overseas affiliates to
their U. S. parents, and (ii) imports shipped to U. S. affiliates by
their foreign parent group. The series were obtained from the
direct investment data set available from the Bureau of Economic
Analysis (BEA) website. For reasons discussed in Appendix 3, I
am restricted to running equation (23) for a panel consisting of 23
manufacturing industries and four years of data: 1987, 1989,
1992, and 1994. As for equations (24) and (25), data availability
limits the analysis to a cross section of 28 countries in 1992 (see

30. A log-linear approximation of equation (21) around K’/L’ = K/L yields
wy = (1 — o)1 — B2/ — o, — Bz) > y2and vy = 1. See Antras [2003] for details.



1404 QUARTERLY JOURNAL OF ECONOMICS

TABLE II

SHARE OF INTRAFIRM IMPORTS IN TOTAL U. S. IMPORTS (PERCENT)

by Industry (avg. 1987-1994) by Country (1992)
DRU 65.5 FOO 13.9 CHE 64.1 ESP 15.5
OCH 40.9 PAP 12.7 SGP 55.4 AUS 15.5
VEH 39.8 FME 12.6 IRL 53.7 JPN 14.2
ELE 37.3 STO 11.8 CAN 45.1 ISR 12.4
COM 36.7 INS 111 NDL 42.2 HKG 11.2
CHE 35.9 TRA 10.7 MEX 41.7 PHL 8.4
CLE 35.7 PLA 9.1 PAN 35.8 ITA 8.1
RUB 23.9 PRI 6.1 GBR 33.2 ARG 5.1
AUD 23.8 LUM 4.1 DEU 31.9 COL 4.6
OEL 18.9 OMA 2.6 MYS 30.1 OAN 4.6
IMA 17.3 TEX 2.3 BEL 27.3 VEN 1.4
BEV 15.1 BRA 25.9 CHL 1.3
FRA 21.6 IDN 1.3
SWE 16.8 EGY 0.1

See Appendixes 4 and 5 for a list of industries and countries.

Appendixes 4 and 5 for a complete list of industries and coun-
tries). In the panel of industries the share of intrafirm imports in
total U. S. imports ranges from a value slightly below 1 percent
for textiles in 1987 to around 82 percent for drugs in 1994, for an
overall average of 21.2 percent. In the cross section of countries
the share ranges from an almost negligible 0.1 percent for Egypt
up to 64.1 percent for Switzerland, for an overall average of 22.4
percent (see Table II).

Most right-hand-side variables in the cross-industry regres-
sions are taken from the NBER Manufacturing Industry Produc-
tivity Database.?! Capital intensity is measured as the ratio of
the total capital stock to total employment in the corresponding
exporting industry.?? To control for other potential determinants
of internalization, I run equation (23) including other industry
characteristics one at a time. First, I allow for the possibility that
the integration decision might be determined by the human-

31. The SIC classification used in the NBER Manufacturing Database was
converted to BEA industry categories using a concordance table available from the
BEA and is reproduced in Appendix 4.

32. This presupposes that U. S. industry capital intensities are similar to
those in the rest of the world. In a world with factor price equalization, this would
naturally be the case. In a more general setup, the much weaker assumption of no
factor intensity reversals is sufficient to ensure that the same qualitative results
would be obtained by using factor intensity data from the exporting country.
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capital intensity of the production process. To the extent that
final-good producers also contribute to their suppliers’ costs re-
lated to the acquisition of human capital (e.g., by financing train-
ing programs), a model along the lines of the one developed above
would indeed predict an effect of human-capital intensity. I mea-
sure human-capital intensity as the ratio of nonproduction work-
ers to production workers in a given industry, as reported in the
NBER Manufacturing data set. A similar argument could be used
to defend the inclusion of some measure of the importance of R&D
and advertising in the production process. R&D intensity and
advertising intensity are defined, respectively, as the ratio of
R&D expenditures to sales and advertising expenditures to sales,
and are obtained from a 1977 FTC survey.?® I also control for the
possibility that the integration decision may be driven by the size
of scale economies at the plant level, as measured by average
capital stock per establishment.?* Finally, the decision to inte-
grate could also be related to the importance of suppliers’ produc-
tion in the overall value chain. A rough way of proxying for this is
to control for the share of value added in total industry sales,
again from the NBER manufacturing data set.

The main right-hand-side variables in equations (24) and
(25), including the capital-labor ratio of the exporting country and
its total population, are taken from the cross section of country
variables for the year 1988 constructed by Hall and Jones [1999].
In the present paper I have adopted the view that capital abun-
dance is a crucial determinant of the amount of multinational
activity in a given country. Zhang and Markusen [2001] develop
a model in which the volume of foreign direct investment in a
given country is instead crucially affected by its skilled-labor
abundance. To control for these possible effects, I include the
measure of human capital abundance reported in Hall and Jones
[1999]. Other authors have stressed the importance of fiscal and
institutional factors in determining the attractiveness of foreign
direct investment in a given country. Countries with relatively
lower corporate taxes and relatively better institutional environ-
ments should, in principle, be more prone to hosting affiliates of
U. S. firms. In the regressions below, I use data on average

33. This measure has been widely used in the literature (e.g., Cohen and
Klepper [1992], and Brainard [1997]).

34. This variable was constructed combining the capital stock figures from
the NBER data set with data on the number of establishments published by the
U. S. Census Bureau in its County Business Patterns series.
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corporate tax rates from a Price Waterhouse survey, as well as
the index of institutional quality for the year 1990 reported in
Gwartney et al. [2002]. Within the institutional factors, I also
attempt to distinguish between the effect of a country’s degree of
openness to FDI and that of its degree of openness to interna-
tional trade. Indices of openness to FDI and to trade are obtained
from survey data reported in the World Competitiveness Report
[1992]. Table III reports descriptive statistics for all variables
included in the regressions.

IV.C. Results

The top panel of Table IV presents random effects estimates
of equation (23). Column I includes no controls in the regression
and is therefore the econometric analog to Figure I. The coeffi-
cient on In (K/L),, is positive and significantly different from zero
at the 1 percent significance level. The estimated elasticity of the
share of intrafirm imports with respect to the capital-labor ratio
in production implies that a 1 percent increase in K/L increases
the share of intrafirm imports by around 0.95 percent. Column II
includes human-capital intensity in the regression. This leads to
a reduction of the estimate of 6, which, however, remains highly
significant. The coefficient on In (H/L),, is positive but not sta-

TABLE III
DESCRIPTIVE STATISTICS

Obs Mean St. dev. Min Max
In (S7S:ROW) 92 -1.90 0.92 —4.74 -0.19
In (K/L),, 92 4.26 0.57 3.21 5.73
In (H/L),, 92 -0.69 0.60 -1.78 0.60
In (R&D/Sales),, 92 —4.20 1.00 -6.07 —-2.47
In (ADV/Sales),, 92 —4.27 1.10 —6.63 -2.24
In (Scale),, 92 1.63 0.92 0.06 3.48
In (VAD/Sales),, 92 -0.66 0.18 -1.13 -0.32
In (SL-U,S}J') 28 -2.08 1.44 —6.67 -0.45
In (K/L); 28 10.54 0.86 8.13 11.59
In (L); 28 16.03 1.20 13.63 18.16
In (H/L); 28 0.82 0.19 0.47 1.10
CorpTax; 28 0.32 0.08 0.15 0.44
EconFreedom; 28 6.36 1.22 4.19 8.24
OpFDI 26 7.83 1.23 4.73 9.57
OpTrade 26 6.70 1.22 3.52 8.67

i—

In (M75) 28 6.36 2.64 -1.39 10.49
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TABLE IV

FACTOR INTENSITY AND THE SHARE SUS:ROW

1407

Random effects regressions

Dep. var. is
In (SY5ROW),, I 1I 111 v A VI
In (K/L),, 0.947#%%  0.861%F*  0.780%**  0.776%*%*  (0.703**F  (.723%%*
(0.187) (0.190) (0.160) (0.162) (0.249) (0.253)
In (H/L),, 0.369 —0.002 —-0.038 —-0.037 —-0.081
(0.213) (0.188) (0.200) (0.206) (0.221)
In (R&D/Sales),, 0.451%%* 0.470%** 0.452%%* 0.421%%*
(0.107) (0.114) (0.128) (0.140)
In (ADV/Sales),, 0.055 0.059 0.035
(0.094) (0.097) (0.107)
In (Scale),, 0.068 0.100
(0.179) (0.190)
In (VAD/Sales),, 0.403
(0.657)
R? 0.50 0.55 0.72 0.73 0.73 0.73
No. of obs. 92 92 92 92 92 92
Fixed effects regressions
1 I I v v VI
In (K/L),, 0.599%*  0.610%* 0.610%* 0.610%* 0.943%* 1.058%*
(0.299) (0.300) (0.300) (0.300) (0.412) (0.410)
p-value
Wu-Hausman
test 0.14 0.27 0.62 0.64 0.52 0.19

Standard errors in parentheses (¥, **, and, ***) are 10, 5, and 1 percent significance levels.

tistically significant. In column III the ratio of R&D expenditures
to sales is also included in the regression and is found to have a
very significant effect on the share of intrafirm imports. The
estimate of 8, in column III is lower than that implied by Figure
I, but it still implies that a 1 percent increase in K/L, should lead
to a 0.78 percent increase in the share of intrafirm imports. The
inclusions of advertising intensity in column IV, of the size of
economies of scale in column V, and of value-added intensity in
column VI, do not overturn any of the qualitative results. None of
these variables seems to affect significantly the share of intrafirm
imports, while capital intensity and R&D intensity remain sig-
nificant at the 1 percent level.

Consistency of the random effects estimates requires the
industry effects to be uncorrelated with the other explanatory
variables. One might worry that the omission of some relevant
industry variables might lead to biases in the random effects
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TABLE V
FACTOR ENDOWMENTS AND THE SHARE S Y5/
Dep. var. is
In (S75) I I 111 v \Y VI
In (K/L)j 1.141%%* 1.110%** 1.244%%* 1.239%** 1.097%* 1.119%*
(0.289) (0.299) (0.427) (0.415) (0.501) (0.399)
In (L); -0.133 -0.159 —0.158 —0.142 0.017
(0.168) (0.164) (0.167) (0.170) (0.220)
In (H/L); —1.024 —0.890 -1.273 —0.822
(1.647) (1.491) (1.367) (1.389)
CorpTax; —0.601 0.068 1.856
(3.158) (3.823) (2.932)
EconFreedom; 0.214
(0.213)
OpFDI; —0.384*
(0.218)
OpTrade; 0.292
(0.273)
R? 0.46 0.47 0.48 0.50 0.50 0.43
No. of obs. 28 28 28 28 28 26

Robust standard errors in parentheses (¥, **, and, ***) are 10, 5, and 1 percent significance levels.

estimates. As a robustness check, the bottom panel of Table IV
reports the fixed effects estimates of 0, together with the p-value
of a Wu-Hausman test for exogeneity of the industry effects.?®
The fixed effects estimates of 8, are all significantly different from
zero at the 5 percent significance level. Furthermore, the point
estimates are not too different from their random effects counter-
parts, and the null hypothesis of exogeneity of the industry effects
cannot be rejected at reasonable significance levels.

Table V reports OLS estimates of equation (24) for the cross
section of 28 countries. The estimates in column I correspond to
the simple correlation depicted in Figure II. The elasticity of the
share of intrafirm imports with respect to the capital-labor ratio
of the exporting country is significantly different from zero, and
as predicted by the theory, the point estimate of the elasticity is
necessarily higher than any plausible labor share in the world.
Column IT confirms the claim in Proposition 2 that, for a given
K'/L/, the size of the exporting country should not affect the share
S?,Sf’j . The coefficient of In (L); is actually negative but statisti-

35. The R&D and advertising intensity variables are purely cross-sectional
and are thus dropped in the estimation. This explains that the estimates in
columns II, IIT, and IV are all identical.
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cally indistinguishable from zero. Column III introduces the mea-
sure of human-capital abundance in the regression. Contrary to
what might have been expected (cf. Zhang and Markusen [2001]),
the estimated coefficient on In (H/L); is negative, although again
insignificantly different from zero. Conversely, the effect of physi-
cal-capital abundance remains significantly positive at the 1 per-
cent level. As shown in column IV and V, controlling for the
average corporate tax rate and the index of institutional quality
does not overturn the results. The coefficients on both CorpTax;
and on EconFreedom; are not significantly different from zero,
while the estimate of v, remains significantly positive at the 5
percent level. Finally, column VI suggests that the insignificance
of the institutional variable in column V might be due to the
counterbalancing effects of different policies. In particular, the
share of intrafirm trade is negatively affected by the degree of
openness to FDI but positively (although insignificantly) affected
by the degree of openness to trade.?® Overall, the significant effect
of the capital-labor ratio of the exporting country on the share of
intrafirm imports appears to be very robust.

Table VI presents the OLS estimates of equation (25). Col-
umns I and II confirm that the theoretical predictions in Lemma
1 are borne out by the data. Both the capital-labor ratio of the
exporting country and its size seem to have a significant positive
effect on the volume of U. S. intrafirm imports. Consistently with
the theory, the elasticity of M ?,Sf’j with respect to K//L’ is esti-
mated to be higher than the elasticity of S?,Sf’j with respect to
K//L/. Furthermore, the elasticity of M"* Sf’j with respect to L is,
as predicted, not significantly different from one. As reported in
columns IIT and IV, controlling for human capital abundance and
for the average corporate tax rate has a negligible effect on the
coefficients. The inclusion of the institutional index in column V
leads to a substantial fall in the estimated elasticity of intrafirm
imports to the capital-labor ratio, but the effect remains signifi-
cant at the 5 percent level. Finally, column VI includes separate
measures of openness to FDI and openness to trade. The results
indicate that controlling for the capital-labor ratio of the export-
ing country, intrafirm imports are negatively affected by its open-

36. Including OpFDI and OpTrade reduces the number of observation to 26,
since no data on these variables are available for Egypt and Panama. I reran the
regressions in columns I through V, without these two countries and obtained very
similar results.
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TABLE VI
FACTOR ENDOWMENTS AND THE VOLUME M5/
Dep. var. is
In (M57) I I I v Y VI
In (K/L); 2.048%*¥*  2,192%¥* 2 188*** 2.154%%* 1.650%* 2.096%**
(0.480) (0.458) (0.716) (0.663) (0.762) (0.695)
In (L); 0.607** 0.608** 0.614%* 0.670%* 0.700
(0.229) (0.268) (0.271) (0.243) (0.419)
In (H/L); 0.031 0.953 —0.406 0.708
(3.289) (3.316) (2.992) (3.052)
CorpTax; —4.135 -1.763 —0.647
(5.294) (5.955) (5.295)
EconFreedom; 0.795
(0.443)
OpFDI; —1.006%*
(0.474)
OpTrade; 0.674
(0.560)
R? 0.44 0.52 0.52 0.53 0.60 0.49
No. of obs. 28 28 28 28 28 26

Robust standard errors in parentheses (¥, **, and, ***) are 10, 5, and 1 percent significance levels.

ness to FDI.?” More importantly, the effect of the capital-labor
ratio continues to be significant at the 1 percent level, while the
effect of size is only marginally insignificant at the 10 percent
level.

V. CONCLUSIONS

This paper began by unveiling two systematic patterns in the
intrafirm component of international trade. Traditional trade
theory is silent on the boundaries of firms. Existing contributions
to the theory of the firm tend to be partial-equilibrium in scope
and have ignored the international dimensions of certain in-
trafirm transactions. Building on two workhorse models in inter-
national trade and the theory of the firm, I have developed a
simple model that can account for the novel facts identified in the
introduction. By combining a Grossman-Hart-Moore view of the

37. This may seem puzzling, but the model can shed light on this finding.
Recall from footnote 18 that the attractiveness of integration is decreasing in the
share ¢ of ex post surplus accruing to final-good producers. If a higher openness
to FDI corresponds to a larger bargaining power for foreign final-good producers,
then on this account the model is consistent with the coefficient on OpFDI being
significantly negative.
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firm with a Helpman-Krugman view of international trade, I
have constructed a model that determines both the pattern of
international trade and the boundaries of firms in a unified
framework.

Nevertheless, much remains to be done. Future empirical
investigations are likely to unveil new distinct features of the
volume of intrafirm trade that cannot be accounted for by the
simple model developed here. On the one hand, the Grossman-
Hart-Moore theory enhances our understanding of only a subset
of the determinants of ownership structure. Holmstrom and Mil-
grom [1994] have emphasized that, in many situations, issues
related to job design and the cost of measuring performance are
more relevant when choosing between inside or outside procure-
ment. It would be interesting to investigate the implications of
such a view of the firm for the volume of intrafirm trade. On the
other hand, in determining trade patterns, I have resorted to a
very simple trade model. Future work should help us to under-
stand potential channels by which technological differences,
transport costs, or international factor-price differences can affect
the organization and location of international production.

APPENDIX 1: THE RATIONALE FOR COST SHARING

In Appendix 1, I show that Assumption 1 is sufficient to
ensure that final-good producers always choose to contribute to
their suppliers’ capital expenditures.

Consider the problem faced by an independent supplier when
the final-good producer decides not to contribute to variable costs.
In such a case, the supplier chooses K, y(i) and L, y(i) to maxi-
mize (1 — &)Ry(i) — rK, y(i) — wL, y(i), and the final-good
producer simply receives ¢Ry (i) ex post. Following similar steps
as in the main text, it is easy to show that ex ante profits for a
final-good producer can now be expressed as

rPrpl=By
a(l—d)
The case of an integrated supplier is completely analogous. In
particular, the same expression (26) applies with ¢ replacing ¢.

Comparing equation (26) with (6) and (7), one can show the
following.

—a/(1-a)
(26) Tpyo=(b+ (11— )1 - d)))AY( ) = frfw' P,
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LemMaA 2. Under Assumption 1 (i.e., if ¢ > %) final-good produc-
ers will always decide to bear the cost of renting the capital
required to produce the intermediate input.

Proof. Combining equations (7) and (26), it follows that re-
gardless of the level of demand Ay the final-good producer in a
pair of stand-alone firms will decide to incur the capital expendi-
tures itself whenever

d) af/(1-a)
(1 - a(l =By +ad(l - 2ﬁy))(m)

>d+(1-a)(1-9),

which holds whenever & > 4. To see this, define the function

d) afy/(1—a)
H($)=(1-a(l—-B)+ ad(l— 23))(m)
—d—-—(1-a)(1-9),
and notice first that H(1/2) = 0. Next note that
, d) ap/(1—a) d) af/(l-a)
R e I A e
1-a(l=p)+ad(l—2p) )
X( T- 0 - )b 2)-

The first term is clearly positive when ¢ > %2 . Furthermore, since
[(1 = a1 = B)+ add — 2B)I/I(1 — a)(1 — d)d] increases with «a,
it follows that [(1 — (1 — B) + ad(1 — 2B)I/I(1 — )1 — &S] —
2 =1/(1 — $)db) — 2 > 0 and the second term is also positive.
Hence, H($) > 0 for all & > Y% . Since ¢ > &, as long as & > Y%,
final-good producers in integrated pairs will also decide to rent
the capital stock and hand it to the supplier. QED

The intuition for this result is that the higher is ¢, the
smaller is the fraction of the marginal return to its ex ante
investments that the supplier receives, and thus the less it will
invest in K, y. This underinvestment will have a negative effect
on the value of the relationship, which is what the final-good
producer maximizes ex ante. For a large enough ¢ (in this case
%), the detrimental effect of the underinvestment in capital is
large enough so as to make it worthwhile for the final-good
producer to bear the cost of renting K, y itself, even if by doing so
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it now exposes itself to a holdup by the supplier. In other words,
for & > %, a supplier incurring all variable costs faces a too
severe holdup problem, which the final-good producer finds opti-
mal to alleviate by sharing part of the required ex ante
investments.

APPENDIX 2: PROOF OF PROPOSITION 1

The first step of the proof consists in showing that ®'(B,) >
0 for all B, € [0,1].

LEmMmA 3. The attractiveness of integration, as measured by
®(B,), increases with the capital intensity of intermediate
input production B,: ®'(B3,) > 0 for all B, € [0,1].

Proof. From simple differentiation of (8), it follows that
®'(B,) > 0 if and only if

8¢
m) >(2 = a)(1 = a)(1 = d)d°,

where Q(B,) = (1 — a(1l — &) + aB,(1 — 2d)NA — (1l — ¢) +
aB,(1 — 2¢)) and remember that ¢ = 8% + &(1 — 8*). Now notice
that if > & = 1% then Q'(B,) < 0 VB, € [0,1], and if b < b =
Y%, then Q'(B,) > 0 VB, € [0,1]. Furthermore, if b > 1% > ¢,
then Q"(B,) < 0 VB, € [0,1]. It thus follows that Q(B,) = min
{Q(0), Q(1)}). Without loss of generality, assume that (1) = (1 —
ad)(1 — a(d + (1 — $)d*) < Q(0) (the case (1) > Q(0) is entirely
symmetric). We need to show that 9(3) > 0 for all 8 € (0, 1) where

Q@B In (1 +

: ) 2 o)l - 4B
ST -9 T -ad)l —alp + (1 - 65"

1‘)(8):ln(1+

From simple differentiation of this expression, it follows that
¥'(3) > 0 if and only if (1 — ap)? — (2 — a)(1 — a)(1 — p)p > O for
some p € (0,1). But it is simple to check that this is in fact true
for all o, p € (0,1), and therefore ¥(8) > 9(0) = 0. Notice that
Assumption 1 is not necessary for this result. QED

Next, notice that from equation (8) and the definition of ¢, we
can write
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_ _ _ 3\ o/(1l-ae)
@(0):1 a(l (b)(l 4)) -1

I-al-0)\1-¢

_ T a/(1—a)
and 0(1) = % (%) >1.

The inequalities follow from ¢ > ¢ and the fact that (1 — ax)
x*/1~) ig an increasing function of x for & € (0,1) and x € (0,1).
Given Lemma 3, it thus follows that there exists a unique § € (0,1)
such that ©(B,) < 1 for B, < B, O(B,) > 1 for B, > B, and OB,) = 1
for B, = B. QED

APPENDIX 3: DATA

Appendix 3 discusses in more detail the construction of the
share of intrafirm imports in total U. S. imports. Intrafirm im-
ports were obtained from the “Financial and Operating Data” on
multinational firms downloadable from the BEA website. Since in
the model ownership is associated with control, I restricted the
sample to majority-owned affiliates. As discussed in the main
text, the BEA suppresses data cells in order to avoid disclosure of
individual firm data. The unsuppressed data are only available to
researchers affiliated with the BEA. Unfortunately, one of the
requirements for affiliation is being a U. S. citizen (which I am not).

To construct intrafirm imports by industry, I combine data
from foreign affiliates of U. S. firms and U. S. affiliates of foreign
firms. Intrafirm imports comprise (i) imports shipped by overseas
affiliates to their U. S. parents, by industry of affiliate; and (ii)
imports shipped to U. S. affiliates by their foreign parent group,
by industry of affiliate.>® The sum of these two elements was
constructed at the finest level of disaggregation available, focus-
ing on manufacturing industries and excluding natural-resource

38. The BEA defines a foreign parent group as consisting of (1) the foreign
parent, (2) any foreign person, proceeding up the foreign parent’s ownership
chain, that owns more than 50 percent of the person below it, up to and including
the ultimate beneficial owner, and (3) any foreign person, proceeding down the
ownership chain(s) of each of these members, that is owned more than 50 percent
by the person above it.

The conceptually correct disaggregation for case (ii) would have been by the
industry of the exporter (i.e., of the foreign parent group). Unfortunately, these
series are not available. Intrafirm imports of type (i), however, constitute more
than two-thirds of all intrafirm imports. More importantly, a pattern similar to
that in Figure I emerges when the analysis is restricted to intrafirm imports of
type (1).
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industries (in particular, petroleum, ferrous metals, and nonfer-
rous metals).?? I also restricted the sample to years in which
benchmark surveys were conducted. Overall, I end up with 23
industries and four years: 1987, 1989, 1992, and 1994.

To construct intrafirm imports by country, I add up (i) im-
ports shipped by overseas affiliates to their U. S. parents, by
country of origin, and (ii) imports shipped to U. S. affiliates by
their foreign parent group, by country of origin. In both cases I
restrict the analysis to manufacturing industries, although in
this case it was impossible to remove those transactions involving
natural resources (this might explain why intrafirm imports from
Chile and Venezuela are lower than predicted in Figure II). The
BEA performs two types of manipulations to the data. Apart from
suppressing cells to avoid disclosure of data of individual compa-
nies, it also assigns a unique symbol to trade flows below
$500,000. I assign a value of $250,000 to these cells.*® Overall, I
end up with a single cross section with 28 countries in 1992. All
the other benchmark survey years lack at least one of the com-
ponents of intrafirm imports.

Finally, in order to compute the share of intrafirm imports, I
construct total U. S. imports by industry and year, and then by
country of origin, using data put together by Robert Feenstra and
available from the NBER website. Import figures correspond to
their c.i.f. values. Feenstra’s four-digit industry classification was
matched to the 23 BEA industries using a conversion table avail-
able from BEA and reproduced in Appendix 4.

As pointed out by a referee, a significant portion of intrafirm
trade involves final goods that are shipped from a manufacturing
plant to an overseas wholesale affiliate which then distributes the
good in the foreign country. Unfortunately, the BEA data set does
not distinguish between imports of intermediate inputs and im-
ports of final goods, so that the latter cannot be subtracted from
intrafirm imports. As pointed out by the same referee, however,
this is not necessarily a problem for the empirical work as an
analogous theoretical model can also be interpreted in the context
of a supplier-distributor relationship.

39. Patterns of ownership in natural-resource sectors are likely to be deter-
mined by factors such as national sovereignty, from which I abstract in the model.

40. This is only done for two observations. The results are robust to imputing
alternative values between 0 and $500,000.
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APPENDIX 4: INDUSTRY DESCRIPTION AND CLASSIFICATION

Corresponding industry

Code Description SIC classification
BEV Beverages 208
FOO Other food and kindred products 201-207, 209
CHE Industrial chemicals and synthetics 281, 282, 286
DRU Drugs 283
CLE Soap, cleaners and toilet goods 284
OCH Other chemical products 285, 287, 289
FME Fabricated metal products 341-349
COM Computer and office equipment 357
IMA Other industrial machinery and 351-356, 358, 359
equipment
AUD Audio, video, and communications 365, 366
equipment
ELE Electronic components and accessories 367
OEL Other electronic and electrical 361-364, 369
machinery
TEX Textile products and apparel 221-229, 231-39
LUM Lumber, wood, furniture, and fixtures 241-49, 251-59
PAP Paper and allied products 261-263, 265, 267
PRI Printing and publishing 271-279
RUB Rubber products 301, 302, 305, 306
PLA Miscellaneous plastics products 308
STO Stone, clay, and glass products 321-29
VEH Motor vehicles and equipment 371
TRA Other transportation equipment 372-376, 379
INS Instruments and related products 381, 382, 384-387
OMA Other manufacturing 211-19, 311-19, 391-99
APPENDIX 5: COUNTRY CODES
Code Country Code Country
ARG Argentina IDN Indonesia
AUS Australia IRL Ireland
BEL Belgium ISR Israel
BRA Brazil ITA Italy
CAN Canada JPN Japan
CHE Switzerland OAN Taiwan
CHL Chile PAN Panama
COL Colombia PHL Philippines
DEU Germany MEX Mexico
EGY Egypt MYS Malaysia
ESP Spain NDL Netherlands
FRA France SGP Singapore
GBR United Kingdom SWE Sweden
HKG Hong Kong VEN Venezuela

HARVARD UNIVERSITY
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