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2 A general equilibrium theory for estimating
gravity equations of bilateral FDI, final
goods trade, and intermediate trade flows

% H. Bergstrand and P. Egger

I think that we have spent way too much time on differentiated final
goods, and neglected trade in intermediates . . . intermediates-inputs
- approach seems empirically very relevant, and formal econometric work
would be very welcome. {James Markusen,
interview in Leamer 2001, p. 382)

1 Introduction

Contrary to popular hype, the vast bulk of intermediates trade — that
is, outsourcing — is among developed countries, not between developed
and developing countries. This is consistent with Jabbour (2007), who
showed in an extensive empirical analysis of 4,305 French firms (using
survey data) that the vast bulk import their intermediate inputs from
other developed economies through arm’s-length transactions. Consequently,
most intermediates trade is intra-industry (and likely “Ethier-type™ inter-
mediates trade), Because of the previous absence of a comprehensive
dataset on intermediates and final goods trade flows, econometric anal-
ysis of the determinants of intermediates trade volumes/values is virtually
non-existent, as our quote from Markusen (2001) 3uggests.1 Egger and
Egger (2005) provide one of only two empirical (graviry) analyses of a
narrow aspect of outsourcing trade flows — bilateral “processing” trade
among twelve Buropean Union economies by national and multinational
enterprises. The other empirical study is Baldone er ol. (2002).> Aside

1 Most of the empirical analyses of the consequences of cutsourcing have had 1o focus
instead on mulfrlateral issues, such as relative price effects (that s, the effects on the
“wage skill premium”), and for only a few specific countries,

2 “Processing rrade” refers to intermediates goods imports {exports) of countries that are
“processed” (or value is added) in a special economic “zone” without tariffs imposed,
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30 Bergstrand and Egger

from these two empirical analyses, the absence of systematic interme-
diates versus final goods trade dara has confined many researchers of
outsourcing to employing numerical simulations to study final and inter-
mediates trade volumes (see Baier and Bergstrand 2000 and Yi 2003).
Moxeover, the absence of bilateral trade data decomposed by final versus
intermediate goods has resulted in no motivation for developing a theo-
retical foundation for (separate) gravity equations for final goods bilateral
trade versus intermediates bilateral trade — much less one that accounts
for multinational enterprises, FDI, and potential consequences of out-
sourcing for these factors, As Markusen’s quote suggests, it is now time to
pursue “formal econometric work” on the determinants of intermediates
trade flows — with Ethier-type intermediates trade in mind,

Consequently, in the spirit of the “Knowledge-Capital” model in
Markusen (2002) and the “Knowledge-and-Physical-Capital” model in
Bergstrand and Egger (2007), we develop a three-factor, three-country,
three-good general equilibrium model of multinational and naticnal firms
with intermediates. A numerical version of the general equilibrium (GE)
model motivates a theoretical rationale for estimating gravity equations
of bifateral intermediate goods trade — and in a manner consistent with
estimating gravity equations of bilateral final goods trade and FDI flows.
Interestingly, the theoretical gravity equations for all three types of flows
are not exactly the same, and we use the GE model to explain the slightly
different theoretically motivated gravity specifications,” We find that eco-
nomic size-related Ethier-type trade explains empirically the wvast bulk of
the variation in bilateral intermediates international trade flows. More-
over, we provide empirical evidence that bilateral final goods trade flows,
intermediates trade flows, and FDI flows are all dtiven by a *common
process.” This conclusion is important because it implies that previous
gravity equations of bilateral trade (FDI) flows including on the RHS
bilateral FD1 (trade) flows are seriously mis-specified, likely suffering
from endogeneity bias,

The remainder of the paper is as follows. Section 2 motivates the ana-
lysis and discusses the construction of our new daraser of annual bilateral
final goods and intermediate goods trade flows among 160 countries for
the period 1990-2000. Section 3 presents the theoretical framnework.

and then are re-exported to the original conntry with tariff exemption again. This is eco~
nomucally 2 very small portion of these countries’ intermediates rade. Another empirical
analysis (non-gravity equation} of processing trade is Gérg (2000).

3 The introduction of intermediate goods introduces a complexity not present in Bergsirand
and Egger (2007), which did not distinguish between final and intermediates goods.
Markusen (2002, chapter 9) introduced a traded intermediate input; however, he
assumed (for some “exogenous reason”) it could be produced in only one country (which
precluded two-way trade).
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Section 4 summarizes the calibration of our theoretical model. Section
5 provides numerical results using our model suggesting a theoreti-
cal rationale for estimating gravity equations for bilateral final goods
rade, intermediate goods trade, and FDI flows. Section 6 provides the
empirical gravity equation results. Section 7 concludes.

2 Decomposing aggregate bilateral trade flows into final
and intermediate goods trade flows

Recent books in the popular press such as Thomas Friedman’s The World
i Flar (2005) and associated newspaper articles on international “out-
sourcing” (also known as “fragmentation” or “slicing up the value chain™)
of intermediate stages of production suggest that the bulk of outsourcing
is due to differences between countries in the cost of labor (relative wage
rates). The stories suggest that increased international imports of devel-
oped economics from developing economies or increased outward FDI
of developing countries to developed countries dominate international
wrade and FDI flows, respectively, in the past several years, However, it
is useful first to look at the data — which suggest a much different story.

Table 2.1a presents a decomposition of international trade and FDI
flows between and among developed and developing economies between
1990 and 2000. The first panel in the upper left corner of Table 2.1a
provides data on the share of world trade flows (where, for empirical
purposes, our “world” consists of 160 countries) among two group-
ings of economies, developed and developing. For empirical purposes,
we consider the original 24 members of the Organization for Eco-
nomic Cooperation and Development (OECD) as the “developed”
economies and another 136 economies as the “developing” (or non-
OECD) economies; in 1990 (our sample’s beginning year) the OECD
had only 24 members. As this panel shows, more than half of world trade
flows are among the 24 richest (highest per capita income) economies in
the world, which comprise only one-sixth of the number of countries in
our sample. Morcover, only 15 per cent of OECD imports come from
the developing economies - which contrasts sharply with the suggestions
of The World is Flat and similar newspaper articles.

The panel in the upper right of Tabie 2.1a shows that (outward) FDI
flows are also concentrated among the developed economies, in similar
proportions to trade flows, 58 per cent of all outward FDI was among
the 24 richest countries in the world. Thus, if multinational firms of
OECD economies are investing abroad, the vast dulk of their FDI is
with similar high per capita income economies, not with the developing
world. Only 20 per cent of world outward FDI flows are from developed-
to developing economies. Therefore, as has been established in such
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Table 2.1a. Distribution of goods export flows and stocks of outward FDI
among 24 OECD and 136 non-OFECD countries (1990-2000)

Total goods exports Outward FDI stocks
Importers Hosts
Exporters OECD MNon-OECD  Parents OECD Non-OECD
OECD 55.56 19.89 QECD 57.58 20,32
Non-OECD 14.69 9.86 Non-OECD 16,50 5.60
Final goods exports Intermediate goods exports
kmporters Importers
Ezporters QOECD Non-OECD  Exporters OECD Non-OQECD
QECD 56.12 18.37 OECD 54,85 21.71
Non-OECD 16.72 8.79 Non-OECD 12.26 11.14

Table 2.1b. Awverage annual growth of goods export flows and stocks of
outward FDI among 24 OECD and 136 non-OECD countries (1990-2000)

Toral goods exports Queward FD stocks
Importers Hosts
Exporters QECD Noon-OECD IParents OECD Non-OECD
QECD 4,21 7.70 QECD 13.15 10.12
Non-OECD 15.22 19.25 Non-QECD 18.92 9.440
Final goods exports Intermediate goods exports
Importers Importers
Exporters OECD  Non-OECD  Exporters OECD Non-QECD
OECD 4.41 6.93 OECD 3.96 8.38
Noa-QECD 14.57 18.46 Non-OECD 16.27 19,97

Notes: There are 24 QECD and 136 non-OECD countries in the data. Intermediate goods
exports account for about 46 per cent of total expotts in the dam (for old OECD definition
see the Appendix). FDM figures are based on data from the OECD (Foretgn Divect Invesonent
Statéstics Yearbook 2006) and UNCTAD (Major FDI Indicators; World Investment Report
2007).

gources as Markusen (2002) and Barba Navaretti and Venables (2004,
Fact 2), the bulk of international trade ard FDI is among a small number

of similar, developed economies; Markusen (2002) and others term this
“horizontal” FDI.
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Yet, data such as those presented in the upper panels of Table 2.1a
are quite well known and are readily obtainable. Much less known is the
information in the bottom two panels of Table 2.1a. These two panels
decompose world trade flows into final goods trade flows and intermedi-
ate goods trade flows, using the new dataset thar we constructed. Before
explaining these data, we provide some background. As discussed briefly
in the introduction, there has been limited systematic empirical ana-
lysis of international outsourcing of intermediates preduction owing to
a dearth of comprehensive data decomposing trade into final and inter-
mediate t;n:'ocla.wts.‘1 As Feenstra (1994) notes, there have been only a
few selected empirical treatments of outsourcing, which he cites. For
instance, even though input-output tables exist for the United States and
a few other industrialized economies, the US Input-Outpur (I-O) tables
do not decompose intermediate inputs into imported and domestically
produced intermediates (Feenstra 1994, p. 38). However, Feenstra and
Hanson (1999) combine US industry data with US economy-wide I-O
tables to calculate the increased share of imported intermediates in pro-
duction in the United States. Campa and Goldberg (1997) perform
similar calculations for Canada, Japan, the United Kingdom, and the
United States and show similar trends, except for Japan. Hummels, Rapa-
port, and Yi (1998); Hummels, Ishii, and Yi (2001); and Yi (2003) do
like computations for ten OECD economies to demonstrate increased
outsourcing or — in their framework — increased “vertical specialization.”

However, none of these studics or others has made an attempt to build
a comprehensive dataset of bilateral trade flows for final and intermedi-
ates trade flows, starting with highly disaggregated bilateral trade flow
data. Using the United Nations’ (UN’s) COMTRADE database, we
aggregated five-digit Standard International Trade Classification (SITC)
bilateral trade flows into (aggregate) bilateral final goods trade flows
and bilateral intermediate goods trade flows according to the UN’s
Glassification by Broad Economic Categories (2003), which distinguishes
intermediates from final (consumer and capital) goods. The final goods
trade Hows aggregate 1,561 five-digit SITC categories and the intermedi-
ate goods trade flows aggregate 1,560 different five-digit SITC categories.
Table 2.2 shows a decomposition into final and intermediates of the 3,121
economic categories used to create the two aggregates.

4 A more typical decornposition of aggregate trade has been by indusiry classification rather
than by final versus intermediates classification. Also, we note now that our intermediafes
{or final goods) data includes “intra-firm” intermediates trade, that i3, intermediates
trade between an MNE and an affiliate abroad; such wade is more accurately termed
“sffshoring™ rather than cutsourcing (since the latter is an arm’s-length transaction). As
we will address later, the share of intra-firm trade in total trade has been guite constant
over time {especially within our sample).
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Table 2.2. Classification of Broad Economic Categories (BEC), revision 3,
i terms of standard mrernational trade classification five-digit lines

Number of SITC  Of which

five-digit lines classified
Broad Economic Categories, revision 3, code covered as intermediates
1 — Food and beverages 372 113
11 - Primary 140 44
111 = Mainly for industry 44 44
112 — Mainly for household consumption 96 0
12 — Processed 232 69
121 — Mainly for industry 69 69
122 — Mainly for household consumption 163 0
2 - Industrial supplies not elsewhere specified 1,526 1,107 -
21 — Primary 228 228
22 - Prodessed 1,298 879
3 - Fuels and lubricants 32 9
31 - Primary o 9
32 ~- Processed 23 0
321 — Maotor spirit 1 0
322 ~ Other 22 0
4 - Capital goods (except transport equipment), 637 273
and parts and accessories thereof
41 — Capital goods (except transport equipment) 435 71
42 — Parts and accessories 202 202
5 — Transport equipment and parts and 112 58
accessories thereof
51 - Passenger motor cars 1 0
52 — Other 33 0
53 — Parts and accessories 58 58
6 — Consumer goods not elsewhere specified 428 0
61 - Durable 06 0
62 — Semi-durable 208 0
63 - Non-durable 124 0
7 — Goods not elsewhere specified 14 0
Total 3,121 1,560

Notes: Source is the United Nations’ Statistics Division. The total number of headings
classified as interrnediate goods is 1,560. The remaining categories are final goods.
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The bottom two panels of Table 2.1a show the shares of world final
goods and intermediate goods trade flows between and among OECD
and non-OECD countries. The maost notable conciusion is the siriking
similarity of the pattern of trade flows in final and intermediate goods. For
poth types of goods, approximately 55-56 per cent of world trade flows
are among the QECD couniries. Moreover, the remaining shares are
alzo nearly identical to those for aggregate goods exports. Furthermore,
the share of intermediate goods imports of OECD countries from non-
OECD countries is only 12 per cent, even smaller than the 17 per cent
for final goods imports. Thus, final goods — not intermediate goods —
dominate developed countries” tmports from the developing world.

Such data suggesi that much - if not the majority — of world inter-
mediates trade flows are intra-industry trade flows among similar, high
per capita income economies — as is the case for the well-documented
intra-industty trade in final goods that has been the subject of theoretical
and empirical study for the last thirty years, see Grubel and Lloyd (1975).
This conjecture regarding data is behind Markusen’s quote above sug-
gesting Ethier’s (1982) “intermediates-input approach” as a motivation
for much of warld trade and “formal econometric work {of intermedi-
ates trade) would be vety welcome.” To put it simply, just as the bulk of
international trade flows are intra-industry in nature and were explained
by Helpman and Krugman {1985) using a model of intra-industry trade
in final goods — and Markusen (2002) and Barba Navaretti and Venables
(2004) showed that the bulk of FDI flows are intra-industry (horizontal)
in nature — we show here that the bulk of intermediares outsourcing is
intra-industry {Ethier-type) trade in nanure, This is consistent with the
results in Jabbour {2007) using an empirical analysis of survey data for
4,305 French firms.

Another interesting stylized fact from our dataset is that intermediates
trade growth among OECD countries (3.96 per cent annually) has been
slightly less than that of final goods trade growth (4.41 per cent annu-
ally) from 1990 to 2000. These growth rates are consistent with the data
discussed in Hummels, Ishii, and Yi (2001) using the same Classification
by Broad Economic Categories. However, we note that intermediates trade
growth has exceeded final goods trade growth for trade between devel-
oped and developing countries and among developing countries between
1990 and 2000, in contrast to theit conclusion of a “steadily declining
since 19707 intermediates trade share.

In the remainder of this paper, we provide a theoretical and empirical
model to address these stylized facts. The framework will address the
main economic determinants of intermediate goods trade — in a manner
consistent with explaining final goods trade and FDI flows.
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3 The theoretical model

In this section, we develop a theoretical model to motivate estimating
gravity equations of bilateral final goods trade, intermediate goods trade,
and FDI flows (simultaneously) and to explain the growth of FDI {multi-
national firms) relative to trade (naticnal firms)}. In the spirit of Ethier
(1982), a key consideration is international trade in intermediate goods
among similar developed economies. Since the vast amount of outsourc-
ing and FDI is among developed economies with similar relative factor
endowments and consequently similar relative real wage rates, then one
could argue that “outsourcing” in general will not have the impact upon
the convergence of relative wage raies internationally that the popular
press suggests.”

To address these issues, we need a model that explains first the rela-
tionships between multinational enterprises that invest capital directly
in foreign countries, national firms that trade either final or intermedi-
ate goods, FDI flows, final goods trade flows, and intermediate goods
trade flows. To address bilateral flows in a multilateral world, we need
three countries. The model we develop is a three-country, three-factor,
three-good model of MNEs and national enterprises with internation-
ally immobile skilled and unskilled labor, internationally mobile physical
capital, and final and intermediate goods, in the spirit of Markusen’s
“Knowledge-Capital” model. In fact, the “Knowledge-and-Physical-
Capital” model developed in Bergstrand and Egger (2007), which is an
extension of the “Knowledge-Capital” model of Markusen (2002), is a
gpecial case (with no intermediates production) of our model here.

As background, the Knowledge-and-Physical-Capital model in
Bergstrand and Egger (2007) is-a three-factor, three-country, two-good
extension of Markusen’s 2 x 2 x 2 Knowledge-Capital model with national
enterprises (NEs), horizontal multinational enterprises {(HMNEs}, and
vertical multinational enterprises (VMNEs). The demand side in the
Knowledge-and-Physical-Capital model is analogous to that in the
Knowledge-Capital model. However, the former extends the latter in
two significant ways. The first distinction is to use three primary factors of
production: unskilled labor, skilied labor {or human/knowledge capital),
and physical capital. We assume unskilled and skilled labor are immobile

5 We do not argue that vertical FDT and inter-industry rrade between developed and devel-
oping countries with differing relative factor endowments (such as the United States and
China) has not grown; it has (as our Fabla 2.1b suggests) and has likely contributed to
the rise in income ineguality in developed economies. Rather, our goal Zere is to highlight,
and confirm empirically, the overfooked argument that the bill of outsourcing is more
likaly dae to horizontal {intra-industry) conziderations.
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internationally, but physical capital is mobile in the sense that MINEs will
endogenously choose the optimal allocation of domestic physical capital
between home and foreign locations to maximize profits, consistent with
the BEA definition of foreign “direct investment positions” using domes-
tic and foreign-affiliate shares of real fixed investment.® Thus, unlike
the Knowledge-Capital model, we actually have FDI (as well as foreign
affiliate sales).” The intreduction of a third factor — combined with an
assurnption that headquarters’ fixed setups require home skilled labor (to
represent, say, research and development {R&D] costs) while the setup
of a plant in any country requires the home country’s physical capital
(to represent, say, equipment) — can explain “coexistence” of HMNEs
and NEs for two identically sized developed countries for a wide range of
parameter values (which is precluded in the Knowledge-Capital model).B

The second distinction of the Knowledge-and-Physical-Capital model
is to introduce a “third country.” The presence of the third country helps
explain the “complementarity” of bilateral foreign affiliate sales (FAS)
and wade with respect to a country pair’s economic size and similarity
and that bilateral FDI empirically tends to be maximized when the home
country’s GDP is larger than the host country’s. Hence, the three-facror,
three-country, two-good model in Bergstrand and Egger (2007) provides
a theoretical foundation for estimating “gravity equations” of bilateral

8 [n the typical 2 % 2 x 2 model, headquarters use home skilled labor exclusively for setups;
home (foreign) planes use home {foreign) skilled labor for sewps (see Markusen 2002,
p. 80). With only immobile skilled and unskilled labor, the two-factor models preciude
home physical capital being utilized 1o set up foreign plants. We often refer to the transfer
of physical capital by MINEs as capital “mobility.” Consistent with Markusen (2002)
and the modern MINE literature, the model iz “real”; there are no paper assets. In this
regard, we follow the more waditional (pre-1960) Lrerature defining capital mobility in
terms of movement of physical capital, see Mundell (1957, pp. 321-23), Jones (1967},
and Helpman and Razin (1983). Moreover, while physical capital can be “utilized” in
different countries, “ownership” of any country’s endowment of such capital is immobile;
again, we follow Mundell (1957} in this regard: “Capital is here considered a physical,
homogeneous factor . . . It is further assumed that capitalists qua consuming wnits do not
move with their capital, so national taste patterns are unaltered.” In reality, of course, the
presence of (paper) “claims” to physical capital allows much easier “transfer” of resources
and is one way of measuring FDI. However, the “current-cost” method of measuring FDI
iz relared to the shares of an MNE’s rea/ fixed investment in plant and equipment that
is allocated to the home country relative to foreign affiliate(s); this effectively measures
physical capital mobility, see Borga and Yorgason (2002, p. 27). Also, (bilateral) FDI
stocks are the accamulation of (bilateral) FDI flows over several periods. Since our model
is staric, FDI fiows and stocks are necessarily identical in the model.

Moarkusen {2002, p. 8) notes clearly that the models in his book “are addressed more
closely to affiliate outpur and sales than to investments stocks.”

As in Markusen (2002), internationally immobile skiiled labor still creates firm-specific
intangible assets that are costlessly shared internationally by MNEs with their plants,
This aspect is maintained.

=]

o
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EDI and aggregate trade flows simultaneously. However, the model in
Bergstrand and Egger (2007) does not differentiate between finat goods
trade and intermediate goods trade.

The model in this chapter is a more general version of the model in
Bergstrand and Egger (2007) by introducing a third good (intermedi-
ates) - more accurately, a second production stage — to distinguish final
from intermediate goods. Here, we separate national firms that produce
and export final goods for consumers from national firms that produce
and export intermediate goods that can be purchased by other national
firms that produce final goods or horizontal MNEs with headquarters
and 2 plant in one country but additional plants in either one or two
other countries to serve local markets or vertical MNEs with headquar-
ters in one country but a plant in another country due to different relative
factor endowments between the two countries. Hence, a representative
intermediates firm in some country ¢ can sell its output to final goods-
producing NEs, HMNEs or VMNEs based in its own country, in another
country j, or in the rest of the world (ROW). All intermediate goods pur-
chases are “arm’s-length” transactions between legally distinct entities;
hence, they conform to the conventional definition of “outsourcing.”
Introducing domestic and international outsourcing of intermediates to
the model of Bergstrand and Egger (2007) enhances dramatically the
complexity of the model.’

3.1 Consuners

The demand side of this model (described in this section) is identical to
that in Bergstrand and Egger (2007). Consumers are assumed to have a
Cobb-Douglas utility funcrion between final differentiated goods (X} and
homogeneous goods (V). Consumers’ tastes for final differentiated prod-
ucts (e.g. manufactures) are assumed to be of the Dixit-Stiglitz constant
elasticity of substitution (CES) type, as typical in trade, We let V; denote
the utility of the representative consumer in country ¢, Let 77 be the Cobb-
Douglas paramerer reflecting the relative importance of manufactures in
utility and & be the parameter determining the constant ¢lasticity of sub-
stitution, o, among these manufactured products (7 = 1 — &, ¢ < 0.
Manufactures can be produced by three different firm types: national
firms (), horizontal multinational firms (%), and vertical multinational

9 Moreover, introducing MINE intra-firm trade in intermediates introduces yet another
level of complexity far beyond the scope of this paper. However, we will document later
that dara used in other studies suggest that the share of intra-firm trade in all intermediates
trade has been constant (or declining) over the 1990z, the period examined in our study.
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firms (). In equilibrium, some of these firms may not exist {(depending
upon absolute and relative factor endowments and parameter values).
These will be reflecied in three sets of components in the first of two
RHS bracketed terms in equation (2.1) below:

s il §
B r"‘ =1 £
; (1+%)

(13 %1
Z hs{x;)e
j=1
+ Z B () =T

Vi = 2 $y,

J#e !

£

+ Z kz,;,-(xf?) e-1
i#i

£

L k#f j=1

2.1)

The first component reflects national (non-MNE) firms, or NEs, that
can produce final differentiated goods for the home market or export to
foreign markets from a single plantin the country with their headguarters,
where: tJf: denotes the (endogenous) output of country j's representative
national firm in industry X sold to country i, #; is the (endogenous)
number of these national firms in ; and 1x;; is the gross (shipment) trade
cost of exporting X from  to:.

The second set of components reflects korizontal multinational firms,
or HMNESs, that may have plants in either two or three countries to
be “proximate” to markets to avoid trade costs; HMNEs cannot export
goods. Every HMNE has a plant in its headquarters country. Let x;;
denote the output of a horizontal multinational firm producing in 7 and
selling in 7; 43, denote the (endogenous) number of multinationals that
produce in all three countries and are headquartered inj (¢ = 1,2,3);
ha ; denote the number of two-country muliinationals headquartered
in ¢ with a plant alsc in j; and Az i denote the number of two-country
multinationals headquartered in ; with a plant also in ¢, Hence, x*°
is output produced in country i (and consumed in {) of the represen-
tative three-country HMNE headquartered in country 7 and xk2 is the
output produced in country ¢ (and consumed in ¢) of the reprcsentatwe
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two-country multinational firm either headquartered in ¢ with a plant also
in 7 or headquartered in j with a plant also in £, Note that /2 plants arise
when market size in one of the three countries is insufficient to warrant a
local plant, and is more efficiently served (given transport and investment
costs) by its own national firms and imports from foreign firms.

The third component reflects vertical multinational firms or VMNESs.
VMNESs have headquarters in one country and a plant in one of the other
countries, just not in the headquarters country. The primary motivation
for a vertical MINE is “cost differences”; different relative factor intensities
and relative factor abundances motivate separating headquarters from
production into different countries. Let vz denote the number of vertical
multinational firms with headquarters in &, a plant in §, and output can
be sold to any country (including &). Let X denote the output of the

representative VMNE with production in  and consumption in 7,1°

In the second bracketed RHS term, let Yj; denote the output of the
homogenous good (e.g. agriculture) produced in country j under con-
stant returns to scale using unskitled labor and consumed in 7. Let xy;
(tvji) denote the gross trade cost for shipping final differentiated (homo-
geneous) good X (V) from j to #; let ¢z be defined for intermediates
similarly.!! Let tx;i = 1 for 1 = j, and analogously for ty; and £z, It will
be useful to define gross trade costs as follows:

txi = (L 4+ bxi{(1 + 1)
tyi = (A + by (1 + Typ)
tzii = (1 + bzi)(1 + tz5)

where 1 denotes a “natural” trade cost of physical shipment (cifffob — 1)
of the “iceberg” type, while & represents a “policy” trade cost (i.e. tariff
rate) which generates potential revenue. For instance, bx; denotes the
tariff rate (e.g. 0.05 = 5 per cent) on imports from ; to ¢ in differentiated
final good X,

10 Recently, some researchers have considered hybrid MNEs, see Grossman et al. (2003),
Yeaple (2003, and Ekholm et af. (2007). The focus of these papers is much different
than ours; they demonstrate conditions when an MNE pursues both horizontal and ver-
tical integration. Research there has been directed towards understanding more clearly
how mulrinational firms endogenously become “hybeids” in the presence of intermediate
goods production and a third country. The goal of their research is to examine theoret-
ically the sectoral factors, such as transport costs, investment costs, and headquarters
setup relative to plant setup costs, driving the “optimal” structure of a multinational
firm, in terms of location of plants and headquarters. Qur model here could be enriched
by allowing hybrid MNEs, but at a high cost of introducing a complexity that would
gbscure the main issues of this paper. We leave this for future research.

For medeling convenience, we define Yj; net of uade costs; tade costs 2y surface
explicitly in the factor-endowment constraints in the Appendix.

11
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The budget constraint of the representative consumer in country ¢ is
assumed to be:

Z”}P)Q e Z k3:»‘p§?1 f:?' + Z kzsUprxn + ZhZJIPX! *iy

=i J=1 J#i J#H
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ki i j=i
= 1K + wsi S + winUs + Z 1y b Xji D%
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+ DD btk + ) byt Vi + ) obzibzi%

W 7 da

(2.2

whetre p (pg,%) denotes the price charged by the representauve three-
COuntry (two country) horizontal MNE with a plant in 7. Let ;JXj s P
py;» and pz denote the prices charged by producers in j for goods j(
(national firms and vertical MNES, respectively), Y, and Z, respectively.
The first three RHS terms denote factor income; the last four denote
rariff revenue redistributed lump-sum by the government in ¢ back to the
representative consumer. Let r; denote the rental rate for capital in i, K;
is the capital stock in ¢, ws; (wry) is the wage rate for skilled (unskilled)
workers in 7, and S; (U)) is the stock of skilled (unskiiled) workers in 1.
Let o; denote the number of intermediate good producers in country f.

Maximizing (2.1) subject to (2.2) yields the domestic demand
functions:

£
w2 (%) PrtnBs L= nhs o) 23)

where E; is the income (and expenditure) of the representative consumer
in country ¢ from equarion (2.2}, and

3

Py = Z (tXﬁP}Q) + Z haj (P;Z(gi)s + th,{i (p;!(zf)a

j=1 j=1 J#E

+ E hQJ:' (P?{z;)s + Z i Uy (r)g;pgg)s (2.4)

o ketf j=1
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is the corresponding CES price index. Following the literature, we
assume that all firms producing in the same country face the same
technology and marginal costs and we agsume complementary-slackness
conditions (see Markusen 2002). Hence, the mill {or ex-manufacturer)
prices of all varieties in a specific country are equal in equilibrium. Then,
the relationship between differentiated final goods produced inj and at
home is:

-1
Xji PX;‘)E ] i
LA () t5 {1 + bx) (2.5)
Xii (PX:‘ A *

Hence, from now on we can omit superscripts for both prices and quanti-

ties of differentiated products for the ease of presentation. It follows that
homogeneous goods demand is;

3

1 —
Y Viz—F L pn>0 (2.6)
Pyi

j=1

where V}j; denotes output of the agriculture good of county j demanded
in country ¢.

Beginning with the next section, the model generalizes that in
Bergstrand and Egger (2007) by addressing final and imtermediates
production issues.

3.2 Final differentiated good producers

We assume that final goods can be produced in all three countries, com-
posed poteniially of intermediates from all three countries and three
primary factors: skilled laber, unskilled labor, and physical capiral. Each
country is assumed to be endowed with exogenous amounts of skilled
labor and unskilled labor, which are internationally immobile. We assume
an exogenous world endowment of physical capital which is mobile
internationally; physical capital moves endogenously across countries
to maximize MNEs’ profits. Thus, we model explicitly the endogenous
determination of bilateral FDI flows. Final differentiated goods producers
operate in monopolistically competitive markets, similar to Markusen
{2002, chapter 6); intermediates will be discussed later in Secrion 2.4.
An important distinction of our model from the 2 x 2 x 2 Knowledge-
Capital model is that we introduce the third factor, physical capital. As
summarized in Markusen (2002), the 2 x 2 x 2 model has tended to
use skilled labor and unskilled labor as its two internationally immobile
factors. Other papers in this literature have used labor and capital, but
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with the latter usually assumed internationally immobile. Yet, all formal
models in this class have had only two factors. Three critical assumptions
for our theoretical results that follow are the existence of a third, inter-
nationalty mobile factor — physical capital ~ and that any headquarter’s
setup {fixed cost) requires home skilled labor - to represent the notion of
R&D — and any plant’s setup in any country requires the home country’s
physical capital — to represent the resources needed for a domestic or
foreign direct investment, 2

Assume the production of differentiated final good X is given by the
nested Cobb-Douglas-CES technology:

X XNy (778 .
FX;' = B(KXx + SXE)X (UXI + ZXJ) é (2.7)

where Fyx; denotes production of final goods for both the domestic and
foreign markets; we assume MNEs and national enterprises (NEs) have
access to the same technology. Kxi, Sxi, Uyi, and Zx; denote the quan-
tities used of physical capiral, skilled labor (or human capital), unskilled
labor, and intermediates, respectively, in country ¢ to produce X. The
specific form of the production function is motivated by three literarures.
First, the Cobb-Douglas function is uscful in characterizing analytically
and empirically the relatively constant production shares of capital and
labor. Second, early work by Griliches (1969) indicates that physical cap-
ital and human capital tend to be complements, rather than substitutes,
in technology; recent evidence for this in the MNE literature is found
in Slaughter (2000). This suggests nesting a CES production function
within the Cobb-Douglas function to allow for the potential comple-
mentarity or substitutability of physical and human capital. Third, recent
work on oursourcing suggests that intermediate goods are substitutes for
unskilled labor; the second CES sub-production funcrion allows the elas-
ticity of substitution between intermediates and unskilled labor to exceed
unity, As the latter two issues are less known to trade economists, we
address them in more depth in Section 4 when we describe the calibration
of the numerical general equilibrium (GE) model.

National firms and MNEs differ in fixed costs. Each NE incurs only
one firm setup and one plant setup; each MNE incurs one firm setup
(the cost of which is assumed larger than that of an NE, as in Markusen

12 Nate that, while physical capital can be “utilized” in different countties, the “ownership”
of any country’s endowment of such capital is immobile. In the typical 2 x 2 x 2 model,
headquarters use home skilled labor exclusively for setups; home (foreign) plants use
home (foreign) labor for setups (see Markusen 2002, p. 80). With only immobile skilled
and unskilled labor, these models naturally preclude heme physical capital being urilized
10 set up foreign plants.
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2002) and a plant setup for its home market and for each foreign market
it endogenously enters. A horizontal MNE has a headquarters at home
and plants potentially in either two or three markets 10 serve them,; it has
no exports. A vertical MNE has a headquarters at home and one plant
abroad, which can export t¢ any market.

Let Zx; denote the CES aggregate of intermediate inputs:

g1
2

3 8
zx= | Yo (Z)" 28

J=1 Lzji

where z; denotes the output of the representative firm in country j sup-
plying intermediates goods to country ¢ and ¢ < 0. The corresponding
CES price index for Zx; is:

3 ]
Pz = Z o (I@'gj)gj)e {2.0
j=1

Maximizing profits subject to the above technology vields the following
conditional factor demands (denoted with %) and inpur coefficients:
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(2.10a-2.104d)
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where B is a constant and we introduce definitions:

r \ % Pzi\"
T1£=1+(—) ; Tzs=1+(—*—> 5
ws; wy;

]

X

We; T-x -y T=d '

T3i¢1+(—3—) ; T41-=1+(@) (2.112-2.11d)
10 Pz

o

3.3 Final homogeneous goods producers

We assume that the homogeneous good (Y is produced under constant
returns to scale in perfectly competitive markets using only unskilled
labor; assume the technology Y; = U;(# = 1,2,3). In the presence
of positive trade costs, we assume country 1 is the numeraire; hence,
py1 =wy1 = L

3.4 Intermediate differenitiared goods producers

Qur model is a more general version of the three-factor, three-country,
two-good model in Bergstrand and Egger (2007) to include outsourc-
ing of intermediate goods. Qutsourcing, by definition, is a trade between
unaffiliated firms. Feenstra (1994) cites several empirical studies suggest-
ing that rrade in intermediates is growing faster than trade in final goods,
reflecting the outsourcing issue. With much of this paper focused on
MNE behavior, one might assume that our model will introduce intra-
firm (MNE) trade in intermediates, or “intermediates offshoting.” By
contrast, we will assume thatintermediates are produced by national firms
(not MNE affiliates); thus, arm’s-length intermediate imports generate
“outsourcing,” using the conventional definition.!® However, our model
allows final goods offshoring by vertical MINEs.

Importantly, the vast bulk of intermediates trade is between unaffili-
ated firms. We note several studies supporting this claim. First, data on
intra-firm trade is scarce, with only the Japanese, Swedish, and US gov-
ernments as possible sources. Grimwade (1989) presents data from the
US Tariff Commission that indicates, in 1977, only 36 (64) per cent
of total US exports were intra-firm (between unaffiliated firms); how-
ever, this data is admittedly dated. Second, Markusen (2002, chapter 1)
presents US BEA data on parent-affiliate trade as a proportion of total
affiliate sales with major trading partners for 1987 and 1997. Regardless

13 Of course, in the context of the model, there is costless intra~firm exchange of intangible
assets of MINEs.
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of year, exports vs. imports, or outward vs. inward data, pareni-affiliates
trade was never more than 15 per cent of total affiliate sales. Third, Filipe
et al. (2002) report annual data from the US BEA specifically on intra-
firm trade as a share of total US trade (by exports, imports or both) from
1989 to 1998, Interestingly, averaging imports and exports, intra-fitm US
trade by MNEs was at a maximum of 44 per cent in 1989-90 and actually
declined to only 38 per cent in 1997-98, even though intermediates trade
was growing as a share of final and intermediates trade in the 1990s, see
Hummels, Ishii, and Yi (2001) and Yi (2003). Fourth, this is consistent
with Jabbour (2007) using French firm data showing that intra-firm MNE
trade is no more than 30 per cent of international offshoring. Finally,
Bernard et al. (2005) provide data for the Uniied States for 1993 and
2000 and show that intra-firm trade as a share of MNEs’ trade was virtu-
ally constant from 1993 to 2000, precluding an increased intra-firm trade
share as a possible source of increased FDI to final goods trade. These
studies confirm the importance of inteymediates trade among unaffifiated
firms. To be consistent with these observations {while also limiting the
model’s complexity and scope), we model intermediates trade as among
unaffiliated firms, even though we still allow vertical MNEs to export
final goods from a foreign plant to a home country’s consumer. 4

We assume that differentiated intermediate products for the (national}
representative (type o) firm in country ¢ are produced in monopolistically
competitive markets given a Cobb-Douglas technology:

5 =ASGU? (2.12)

where z; denctes production of intermediate goods for both the domes-
tic and foreign markets. Local intermediate goods supply from a single
intermediate goods producer in market ¢ for local demand is referred
to as zi, whereas supply to (and, in equilibrium, démand gross of
transport costs in) a foreign market j is denoted by z;. As for national
final goods exporters, any (national) intermediate firm incurs one head-
quarters setup and one plant serup.’®> The above technology yields the

14 Ty the future, one could also allow intra-firm trade in intermediates, as in Markusen

(2002, chapter 9). However, at this time, this would intreduce yet another level of
_ complexity well beyond the scope of this already fairly intricate model.

15 One mighr argue that — since we are precluding multinational firms in producing inter-
mediates — there might be no reason to distinguish headquarters fixed costs from plant
fixed costs, as is done for national firms producing final geods. However, as will be appar-
ent shortly in equations (2.16a}-(2.16¢), the input requirements are general enough
simply to allow different relative factor requirements of human and physical capital in
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following conditional factor demands and input coefficients:
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An intermediate goods producer in the intermediate goods market
equilibriam is faced with local {(domestic) demand:

Py \ 1
e (2 e v (£ D

11 Fe&l
3
DI DI (2.19)
it =1

and the relationship between foreign and domestically sourced inter-
mediates is:

@—(@ T (1+ bz} (2.15)
24 Pz i 4t .
3.5 Profit functions and pricing equations

All firms are assumed to maximize profits given the rechnologies assumed
and the demand curves suggesred above. The profit functions are:

3
Hoi = (Ppz; — €23) Z By — A8 WS — ALil
=1
3
g = (Pxi — cxi) Z:’C;}‘ — AspiWsi — ARniti
=1

the setups of headquarters and plants for national final good and nauonal mterme-
diate good producers. For now, we allow each intermediates producer 0 “set up” a
headquarters (to research, advertise, or distribute its product} and a plant.
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(2.16a-2.16¢)

Equation (2.16a) 1s the profit function for an intermediate goods pro-
ducer in country 7. Let ¢z denote marginal costs of intermediate goods
production in ¢ and the later two RHS terms represent fixed (domes-
tic) skilled labor and physical capital costs for the intermediate goods
producer to set up a headquarters and a plant. Equation (2.16b) is the
profit function for each national final goods enterprise (NE) in . Let cx;
denote marginal production costs of differentiated final good X in coun-
try ¢ and the latter two RHS terms represent fixed human and physical
capital costs for the narional enterprise final goods producer. Equarion
(2.16¢) is the profit function for each horizontal final-good-producing
muitinational firm in country ¢ with three operations (one in the parent
country and one in each of two foreign markets). The last two terms in
(2.16c) represent fixed costs of each three-country herizontal MNE. As
with previous firms, the MINE incurs a single fixed cost of home skilled
labor to set up a firm. However, each three-country MINE incurs a fixed
cost of home physical capital for each plant. Moreover, each foreign
investment incurs a potential investment cost ¥ {say, policy or natural
EDI barrier). Equation (2.16d) is the profit function for each horizontal
final-good-producing multinational firm in country ¢ with two operations
(one athome). Finally, equation (2.16e) is the profit function for a vertical
MNE with a headquarters in ¢ and a plant in 7.

A key element of our model is that — in each country — the numbers
of national intermediates producers {type o), national final goods enter-
prises (type n)}, three-country horizontal MNEs (type hs), two-country
horizontal MNEs (type ha), and vertical MINEs (type v) are endogenous to
the model. Two conditions characterize models in this class. First, profit
maximization ensures markup pricing equations:

PR A Y. - exile — 1)

Pz < 0 X < 2.17)
£
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Second, free entry and exit ensures:
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(2.182)—(2.18¢)

3.6 Factor-endowment and current-account-balance constrainis

We assume that, in equilibrium, all factors are fully employed and
that every country maintains multilateral {though not bilateral) current
account balance; endogenous bilateral current account imbalances allow
for endogenous bilateral FDI of physical capital. Following the estab-
lished literature, this is a static model. The formal factor-endowment
and multilateral current-account-bhalance constraints are provided in the
Appendix.

4 Calibration of the model

The complexity of the model, including the complementary-slackness
conditions shown, introduces a high degree of non-linearity, and it can-
not be solved analytically. Consequently, we provide numerical solutions
to the model, as in Markusen (2002) and related studies. In order to
address interesting issues, we can potentially employ our three-country
model to distinguish among four different scenarios: (i) bilateral trade and
FDI flows between two developed economies, or intra-DC flows (with a
less developed third country or LDC); (ii) bilateral flows from a DC to an
LDC (with a developed third country); (iii) bilateral flows from an LDC
to a DC (with a developed third country); and (iv) bilateral flows from an
LDC to another LDC, or intra-LDC flows (with a developed third coun-
try). A key consideration is that — due to the non-linearities of the model -
the marginal effects of bilateral economic sizes, relative factor cndowment
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differences, and transaction costs on bilateral trade and investment flows
will differ depending upon the economic characteristics of the ROW, As
the stylized facts in Section 2 suggest though, we focus on intra-DC (or
OECD) flows, reserving analysis of DC-LDC flows and intra-LDC fows
for future work. We use GAMS for our numerical analysis.

4.1 Exogenous variables

Qur intent is to keep as close to the spirit of modern GE models of
multinational firms as possible. In this regard, we note the following
assumptions made about the exogenous variables in our model.1?

For analytical purposes, the relative size of endowments among the
three countries matters. We assume a world endowment of capital (K)
of 240 units, skilled labor (S) of 90 units, and unskilled labor (U of
100 units, In our case studying intra-DC trade, ROW represents the
developing world. Since our focus will be on estimating gravity equations
using primarily OECD dara, it makes sense to treat the ROW as the
developing world. Initially, we set country i’s (j’s) relative shares of the
world endowments of physical capital and skilled labor ar 1/3 (1/3) and
ROW’s at 1/3 (as in Bergstrand and Egger 2007), and counuy i’s (j’s)
share of unskilled labor at 1/4 (1/4) and ROW’s at 1/2 (to make ROW
a developing country). Hence, both DCs are capital- and skilled-labor
abundant relative to ROW. While initially i and j have the same GDPs as
ROW, our simulations will show that our theoretical relationships hold
for a wide choice of relative economic sizes (that match the distribution
of GDPs for OECD countries), so that the choice of initial endowments
is not limiting.

We appealed to actual trade data to choose initial values for transpost
costs (rather than choosing values arbitrarily as in the literature). Using
the United Nations® (UNs) COMTRADE data, we aggregated bilat-
eral five-digit Standard International Trade Classification (SITC) trade
flows into aggregate bilateral intermediare goods and aggregate bilateral
final goods trade flows, according to the UN’s Classification by Broad Eco-
nowmic Categories (2003). Using the bilateral trade data for weights, we
calculated the mean final goods and intermediate goods bilateral trans-
port cost factors [(cif — fob)/fob| for intra-DC trade, intra-LDC trade,
and trade between DCs and LDCs. For final goods (differentiated or
homogeneous), the transport cost factor was 7.6 per cent for intra-DC
trade, 19.2 per cent for intra-LDC trade, 20.2 per cent for trade flows

16 | is commeon in the GE literature to denote trade costs, investment costs, and factor
endowments as “parameters.” We term these “exogenous variables” here.
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from DCs to LDCs, and 20.2 per cent for flows from LDCs to DCs. For
intermediate goods, the transport cost factor was 9.8 per cent for intra-
DC trade, 21.2 per cent for intra-1.DC trade, 20.0 per cent for trade flows
from DCs to LDCs, and 20.1 per cent for flows from LDCs to DCs,

We constructed initial values for tariff rates using Jon Haveman’s
TRAINS data for the 1990s. Tariff rates are available at the Harmonized
System eight-digic level. Using the UN’s Classification by Broad Eco-
nomic Categories again, we classified tariff rates by final and intermediate
goods five-digit SITC categories. We then weighted each country’s five-
digit SITC tariff to generate average tariffs at the country level for each
year 1990-2000. Tariff rates were then weighted by aggregate bilateral
final goods or intermediate goods imporis to obtain mean regional tariff
rates, accounting for free trade agreements and customs unions. For final
goods, the tariff rate was 1.1 per cent for intra-DC trade, 9.3 per cent for
intra-L.LDC trade, 9.7 per cent for trade from DCs to LDCs, and 4.0 per
cent for trade from LDCs 1o DCs. For intermediate goods, the tariff rate
was 0.2 per cent for intra-DC trade, 6.2 per cent for intra-LDC trade,
6.1 per cent for trade from DCs to LDCs, and 0.6 per cent for trade from
LDCs to DCs.

Data on bilateral costs of investment (say, informational costs) and
on policy barriers to FDI are not available. Carr ez al. (2001) used a
country “rating” score from the World Econormic Forum’s World Competi-
tiveness Report that ranges from 0 to 100, However, ad valorem equivalent
measures are not available across countries, much less over time. Conse-
quently, we assumed values to represent informational costs and policy
barriers to FDI between countries. We assumed initially a tax-rate equiva-
lent (for y) of 90 per cent for intra-DC FDI, 120 per cent for FDI
flows from LDCs to DCs, and 140 per cent for FDI flows from DCs
to LDCs, but results are robust to alternative values. While these choices
are somewhat arbitrary, they seem feasible in the context of recent esti-
mates of anatogous “trade costs” in Anderson and van Wincoop (2004) of
170 per cent.

4.2 Other pararneter values

We now discuss other parameter values assigned initially. Consider first
the utility function. In equation (2.1), the only two parameters are the
Cobb—Douglas share of income spent on final differentiated products
from various producers (n) and the CES parameter (¢) influencing the
¢lasticiry of substitution between final differentiated products (o = 1 —¢).
Initially, we use 0.71 for the value of . This is based upon an estimated
share of manufactures trade in overall world trade averaged between
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1990 and 2000 using five-digit SITC data from the UN’s COMTRADE
dataset; this is a plausible estimate of the importance of differentiated
products in overall utility of developed countries. The initial value of ¢
is set at —5, implying an elasticity of substitution of 6 among differen-
tiated final goods. This value is consistent with a wide range of recent
cross-sectional empirical studies estimating this elasticity between 2 and
10, see Feenstra (1994); Baier and Bergstrand (2001); Head and Ries
{2001); Eaton and Kortum (2002); and Hanson (2005).

Consider next production function (2.7) for final differentiated goods.
Labor and intermediates share of final differentiated goods gross outputis
assumed 1o be 0.8, which is conventional; the Cobb—Douglas formulation
implies the elasticity of substitution between capital and labor is unity.
In one of a series of papers, Griliches (1969) proposed —in a three-factor
world with unskilled labot, skilled labor, and physical capital - that skills
(or human/knowledge capital) were more complementary with physical
capital than with unskilled labor.)? Griliches found convincing econo-
metric evidence thar physical capital and skilled labor were relatively
more complementary in production than physical capital and unskilled
labor. Most evidence to date suggests that skills and physical capiral are
relatively complementary in production. In (to our knowledge) the only
empirical study of MNE behavior considering this issue, Slaughtet (2000)
finds staustically significant evidence in favor of capital-skill complemen-
tarity. Initially, we assume xy = —0.25, implying an elasticity of substitu-
tion of 0.8 and complementarity between physical and human capital.

Regarding unskilled labor and intermediates, the national debate on
outsourcing among industrialized economies is basically concerned with
the substitution of intermediate goods produced in relatively unskilled-
labor-abundant economies (with some final processing at home) for
immobile unskilled labor at home. To capture this substitutability, we
allow 0 < § < 1; specifically, we assume an elasticity of substitution of
1.2(3=0.167).

We assume initially that intermediate products are better substitutes for
each other in production than final goods are substitutes in consumption
and choose an intermediates elasticity of substitution of 8 (6 = ~7) in
equation (2.8). Results are robust to alternative values.

Production of intermediates uses skilled and unskilled labor. We
assume this production is Cobb-Douglas, and that the cost share of
skilled labor in production (8} is 0.1 in equation (2.8).18

17 In fact, human and physical capital may even be absclute complements, rather than just
more complementary.

128 The choice of 0.1 was somewhat arbitrary. Empirical evidence suggests that human cap-
ital’s share of final goods production is approximately one-third. We know less about
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As in the 2 x 2 x 2 Knowledge-Capital model in Carr et al. (2001), a
firm (or headquarters) setup uses only skilled labot. For national inter-
mediates and final goods producers, we assume the headquarters setup
requires a unit of skilled labor per unit of output (ase) = asz =
a503 = 8Sn1 = asn2 = asp3 = 1). As in the Knowledge-Capital
model, we assume “jointness” for multinational firms; that is, services of
knowledge-based assets are joint inputs into multiple plants. Markusen
suggests that the ratio of fixed headquarters setup requirements for a
(two-plant) horizontal or (one-plant) vertical multinational relative to a
domestic firm ranges from one to two, We assume initially a ratio of 1.01
(ashl = ash2 = aSh3 = 8sy] = asvz = agy3 = 101} Hence, to bias
the theoretical resules initially n faver of multinarional activigy (that is, in
favor of MINEs completely displacing tracte), we assume the additional
firm setup cost of an MINE over a national firm is quite small. We assume
that every plant {national or MNE) requires one unit of home physical
capital (ag = 1). However, an MNE setting up a plant abroad can face
an additional fixed investment cost (), values of which were specified
earlier.

5 A theoretical rationale for gravity equations of FDI,
final goods trade, and intermediates trade

We use our numerical general equilibrium model to motivate a theoret-
ical rationale for identifying the main economic determinants of bilateral
intermediate goods trade — in a manner consistent with identifying the
main econemic determinants of bilateral FDI and bilateral final goods
trade — using gravity equations. The two critical factors in the gravity
equation explaining flows are GDPs and “frictions.” We address each
in turn,

5.1 Economc size and similarity

We discuss first the expected relationships between exporter (home) and
importer (host) GDPs and the three types of flows suggested by our the-
ory. However, we must first show two key features of the gravity equation.
First, in a simple theoretical world of N (>2) countrries, one final dif-
ferentiated good, no trade costs, but internationaily immobile factors
(e.g. labor and/ot capital), we know from the international trade gravity-
equation literature that the trade flow from country ¢ to country  in year

intermediates. However, we conjecture that skills are even less important in intermedi-
ates production. The results in the remainder of the paper are robust o changing this
value.
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t (Flowy;) will be determined by:

Flow;, = GDP,GDB,/GDPY (2.19)
where GDPWY is world GDP, or in log-linear form:

In Flowg, = — a(GDPY) + In(GDP;) + In(GDP) (2.20)

However, the standard frictionless rrade gravity equation can be altered
algebraically to separate influences of economic size (GDP; + GDPF;) and
similarity (s;s;), where s; = GDP;/(GDP; + GDP;) and analogously for j:

Flowy, = GDP,GDP;,/GDPY
= (GDPy + GDFj)* (su33)/ GDP,Y (2.21)

When countries 7 and 7 are identical in economic size (5; = 35 = 1/2), 55
is at a maximum. In leg-linear form, {2.21) is:

In Flow; = — In(GDPY) + 2In(GDP; + GDP}) + In(s;s;)
(2.22)

Second, while the gravity equation is familiar in algebraic form, it will
be useful to visualize the frictionless “gravity” relationship. Figure 2.1a
illustrates the gravity-equation relationship between bilateral trade flows,
GDP size, and GDP similarity summarized in equation (2.21) for an
arbitrary hypothetical set of country GDPs (N > 2). First, we explain the
figure’s axes and labeling. The lines on the y axis in the bottom plane range
from 1 to 2.2. The y axis indexes the joint economic size of countries ¢ and
43 line 1 denotes the smallest combination of GDPs and line 2.2 denotes
the largest combination. The GDP values are scaled to this index with the
range tied to our World Development Indicators dataset on GDPs. The x
axis is indexed from O to 1. Each line represents i’s share of both countries’
GDPs; the center line represents 50 per cent, or identical GDIP shares forz
andj. The z axis measures the “flow” from ¢ toj as determined by equation
(2.21), which is a simple algebraic transformation of typical (frictionless)
gravity equation (2.19), Figure 2.1a illustrates the relationships between
country economic size {measured by sum of GDPs of 7 and j) on the y axis,
GDP similarity on the x axis, and the “flow™ from ¢ to f as determined
by simple frictionless gravity equation (2.21).

Common 1o Knowledge-Capital-type theoretical GE models, analytic
solutions are unobtainable and we rely on numerical solutions to the GE
model to obtain “theoretical® relationships, using figures generated by the
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Figure 2.1. Theoretical flows of final goods and intermediate goods
nominal exports and nominal outward FDI; {2) Gravity-equation flow
from { to j; (b) Final goods nominal exports from ¢ tof; {c) Intermediate
goods nominal exports from 7 to f; (d) Nominal FDI from ¢ to j.

numerical GE version of our model, as in Markusen (2002), Braconier
¢t al. (2005), and Bergstrand and Egger (2007). We can now focus on
the bilateral relationships between two economies with identical bilateral
relative factor endowments and transaction cost levels. That is, we can
examine using the numerical model the relationships between economic
size (sum of GDPs of 7 and j) and GDP similarity with bilateral final
goods exports from ¢ to 7 (Xj), bilateral intermediate goods exports from
i to § (Z;), and the bilateral foreign direct investment flow from ¢ to j
(FDIy), shown in Figures 2.1b, 2.1¢, and 2.14d, respectively.!?

19 Gross bilateral FDI from { to § is for HMNEs in industy X, since relative factor
endowrnents are equal between ¢ and j and unchanged.



56 Bergstrand and Egger

5. 1.1 Proposition ! First, we note in Pigures 2.1b-2.1d that (gross)
bilateral final goods trade, intermediate goods trade, and FDI from ¢ to
7, respectively, are all positive monotonic functions of the size of the two
countries’ GDPs, as the gravity equation suggests for a given GDPgrow
(see Figure 2.1a). For any given share of 7 in s and j’s total GDP, an
increase in the absolute endowments of both countries increases their
bilateral final goods trade, bilateral intermediate goods trade, and FDI
flow. The numbers of NEs and HMNE:s increase monotonically with a
larger joint economic size (sum of GDPs of i and j); figures are omitted
for brevity, but are available on request, More resources cover more setup
costs of final and intermediate goods NEs and of HMNEs; economies of
scale and love of variety for consumers and intermediates specialization
for producers expand the number of total varieties produced for all three
countries by both types of firms in ¢. This is testable Proposition 1.

5.1.2  Preposition 2 Second, we note that final goods, intermediate
goods, and FDI flows from 7 1o 7 are all positively related to the simi-
larity of economic sizes. This is testable Proposition 2. With the exception
of FDI, final goods and intermediate goods trade flows from ¢ to ; are
maximized when countries ¢ and f are identically sized; this is a traditional
feature of the gravity equation. In the case of FDI, the flow from 7 to
is maximized when ¢ is slightly larger than f; this subtle feature of FDI
will be addressed shortly below, Thus, the surfaces suggest that (using
aggregate bilateral final goods, intermediates, and FDI flows) the flows
are all complements, even though final goods trade and FDI are inherently
substitutes. What explains this?

The intuition can be seen by starting at the far right-hand side (RHS) of
Figures 2,1b-2,1d, when 7’s GDP is small relative to s, When j’s GDP
share becomes positive {via an exogenous reallocation of initial factor
endowments from 7 to j), j’s relatively small {final) consumer market is
most profitably served by exports from national final goods firms in ¢
and some domestic production in j. In contrast to Bergstrand and Egger
{2007) which had no intermediates, intermediates trade from 7 to 7 also
increases as domestic production in j uses differentiated intermediates
from home and foreign producers. As #’s {#’s) share of their combined
GDPs gets srmaller (larger), the number of exporters and varieties in ¢
and overall demand in j expand (figures not shown), such that exporis
from ¢ to j of final and intermediate goods increase.

At some point (around 0.75 on the x axis), as #’s (f’s) GDP share gets
even smaller (larger), it becomes more profitable for ¢ to serve j’s market
using HMNESs based in i; hence, FDI from / to j increases. Since the
number of HMNESs increases, the demand for intermediates increases.
While in the Markusen 2 x 2 x 2 KC model, the increase in HMNEs
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would evenrually completely displace national final goods exporters in i,
the increase in multi-plant HMNEs in our model leads 1o a fall in the
relative demand and price of skilled labor and a rise in the relative demand
and price of physical capital in i; figures are not shown for brevity, but
are available on request. These relative factor price changes in ¢ curb
the creation of HMNESs in i as ’s GDP share gets smaller and curb
the displacement of final goods national exporting firms in ¢, such that
national final goods exports in ¢, narional intermediate goods exports,
and HMNEs based in ¢/ with production in § can all coexist as the GDPs
of countries ¢ and ; become identical 2%

5.1.3  Proposition 3 Overall, Figures 2.1b-2.1d suggest a theoretical
rationale for explaining gross bilateral final goods trade, intermediates
trade, and FDI flows from 7 to j in terms of the product of GDPs of ¢
and j (or size and similarity). However, a third subder issue is that the
gross FDI flow from ¢ to j is nor maximized when ¢ and ; are identi-
cally sized. Rather, the theoretical model suggests that FDI from ¢ to
j should be maximized when ¢’s share is larger than j’s. This is con-
sistent intuitively with the notion that profit-maximizing firms in 7 will
want to serve the relatively small market j using HMNEs rather than
exports, once j crosses a minimum market-size threshold. This is testable
Proposttion 3.

52 Trade and investment cosis

While gravity equations typically include bilateral distance and several
dummy variables to reflect trade and investment frictions, our theoretical

20 The small temporary dip in intermediates exports from ¢ toj as /s GDP share increases
toward /2 in Figure 2. 1c is easily explained, and demonstrates the richness of the model’s
interactions. First, we note that intermediate goods exports from j to i (not shown for
brevity) is the mirror image of Figure 2.1c, where consequently the “wrinkle” would
occur at #'s GDP share of 0.16-0.24, as in Figure 2.1b for final goods exports from {
to j. Start initially when ¢’s GDP share is small. When i’s share of the two countries’
endowments increases beyond 0.16 (0.16-0.24, or third column of the % axis), the
relative economic size of ¢ crosses the threshold where a large number of vartical MNEs
based in ¢ with plants in (relatively unskilled-labor-abundant) ROW surface {beyond
the less dramatic increase in HMNEs of ¢ inj and ROW), This causes a physical capital
autflow from ¢ to ROW, reducing capirai available for national final goods exporters in
i 10 exist profitably (and hence, the “wrinkle” at s GDP share of 0.16-0.24 in Figure
2.1b for final goods exports from i to j). Consequently, with fewer final goods exports
from f to j, demand for intermediate goods exports from j to ¢ falls; this explains the
“wrinkle” for intermediate goods exports from j 1o ¢ at #*s GDP share of 0,16-0.24 (not
shown), and analogously the (mirror) “wrinkle” for intermediate goods exports from #
to§ at i’s GDP share of 0.76-0.84 {shown in Figure 2.1c}. In a robustness analysis, this
“wrinlle” dissipates as ROW’s share of unskilled labor converges to those of countries
fandj.
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model includes bilateral iceberg-type final goods trade costs, intermediate
goods trade costs, and investment costs (EDI barriers). Moreover, as
discussed earlier, we have time-varying empirical measures of all three
variables, allowing some testable propositions.

5.2,1  Proposition 4 For all types of flows, the own-price effect should
be negative. Final goods trade from ¢ to j should be a negative func-
tion of natural (such as transport) final goods trade costs between ¢ and
j. Intermediate goods trade from ¢ to j should be a negative function
of intermediate goods trade costs between ¢ and j. FDI from 1 to j
should be a negative function of FDI barriers between ¢ and j. These
effects are straightforward and figures (omitted for brevity) confirm these
conjectures. These three predictions form testable Proposition 4,

5.2.2 Proposition 5 Regarding cross-price effects, in most cases eco-
nomically conflicting effects are potentially at play; however, there is one
unambiguous prediction. An increase in the barrier to FDI (final goods
trade cost) from i to ;7 should be positively related to final goods exports
(FDI) from ¢ to §. These relationships are expected since horizontal FDI
and final goods trade are gross substitutes (with respect to prices).?! This
forms testable Proposition 5.

The remaining cross-price effecrs are ambiguous. Consider for instance
the effect of intermediate goods trade costs on final goods. An increase
in intermediate goods trade costs from ¢ to j will tend to increase the cost
and price of final good exports, tending to reduce final goods exports from
¢ to . However, in general equilibrium a rise in intermediate trade costs,
by reducing demand for intermediate goods and factors of productien,
malkes production of final goods more competitive, potentially increasing
final goods exports from i to j.

Consider next the cross-price effects of final goods trade costs on inter-
mediate goods trade from 7 10 j. An increase in final goods trade costs
between 7 to 7 should reduce demand for final goods exports from ¢ 10 7
andj to 7, reducing demand for intermediate products fromy to7 and ¢ toj;
intermediates trade from 7 toj could decline. However, the change in rela-
tive prices could make intermediate goods production more competitive,
potentially increasing intermediates trade from ¢ to ;.

Similar ambiguities arise for the cross-price effects on FDI from ¢ to ;.
However, for brevity, discussion of these effects is omitted. Finally, the

21 Regarding vertical trade, an increase in this FDI barrier would tend to reduce final goods
exports from § to i, but not ¢ to /.
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nodel was calibrated for a wide range of alternarive values of parameters;
he theoretical surfaces were qualitatively the same for a wide choice of
ralues.

3 Estimation of gravity equations for final goods,
intermediate goods, and FDI flows

n this section, we evaluate empirically the five “testable” propositions
dentified in Section 5. In Section 6.1, we describe the dataset we used
o estimate the relationships and the other RHS variables we included
o avoid specification error. Note, of course, that the theoretical figures
renexated by our numerical CGE model in Section 5 implicitly Aold con-
zant all other factors influencing trade and FDI, notably the usual costs
of trade and investment associated with frictions such as distance and
anguage. In Section 6.2, we provide the empirical results and evaluate
the testable propositions. Section 6.3 provides a summary of an analysis
for robustmess of the results.

6.1 Specifications and data

To evaluate these five testable propositions, we run typical log-linear grav-
ity equations using pooled cross-section time serics data for the period
1990-2000. We specify wraditional gravity equations for the log of the
gross flow from ¢ to j for either final goods trade, intermediate goods
trade, or FDI on the LHS. The RHS variables can be decomposed into
three groups. The first group is the log of the exporter GDP and log
of the importer GDP. The second group includes explicit time-varying
measures of togs of final goods trade costs (bilateral cif-fob factors for
final goods rrade), intermediate goods trade costs (bilateral cif-fob factors
for intermediate goods trade), and a measure of the costs of FDI (to be
described below). The third group includes traditional bilateral “friction™
variables (controls): log of bilateral distance between economic centers,
a dummy variable for adjacency (sharing a common land border), and a
dummy for sharing a common language.

We now summarize the data used. The trade flow data were described
earlier in Section 2. The outward FDI (stock) data were constructed from
UNCTAD data (country profiles). GDP data are from the World Bank’s
World Development Indicarors. Bilateral distances are from the CEPII
database in France. The adjacency and language dummies were compiled
using the CIA World Factbook. Time-varying final goods and intermedi-
ate goods bilateral cif-fob factors were computed-using import and export
data from our trade flow dataset. The time-varying investment cost index
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is that used in Carr ¢ al. (2001), Markusen (2002), and Markusen and
Maslkus (2001, 2002}, and was kindly provided by Keith Maskus.

It is important to emphasize that the theoretical surfaces describing the
relationships between trade and FDI flows from 7 to f are based upon the
results of a numerical model where countries ¢ and 7 are initially identical
in all respects (and ROW is a developing economy, representing a group
of developing economies). Consequenily, the three theoretical proposi-
tions relating flows from ¢ to 5 to the two countries’ economic sizes and
economic similarities are based upon two developed countries” GDPs,
asswming the two countries’ relative factor endowments are identical and
unchanging. Consequently, while we computed final and intermediates
trade flows among 160 counrries, we would only expect the testable
propositions to hold for a group of similar, advanced economies, such as
members of the OECD. Consequently, in our basic results we examine
only trade and ¥ID flows among all twenty-four member countries of
the OECD (in 1990, there were only twenty-four members). We will,
however, provide some results in the sensitivity analysis for trade and
FDI flows with and among non-QECD countries, noting that we have
no prior expectations for such flows (the analysis of which is beyond the
scope of this already lengthy chapter and the subject of future research).

6.2 Emptrical results

Table 2.3 reports the gravity-equation estimates for the three types of
flows among OECD countries. We discuss the results for this table in the
order above for Propositions 1-5.

First, we report the GDP elasticities for the exporter (home) and
importer (host) countries. The coefficient estimates for GDPs are posi-
tvely signed and are sratistically significant. These elasticity estimates
confirm Proposition I that bilateral final goods trade, intermediate goods
trade, and FDI flows are positively related to the economic size of the
two countries.

Second, in light of the discussion at the beginning of Section 3, the simi-
larly sized GDP coefficient estimates for exporter and importer countries
tend to confirm the second proposition as well; final goods and inter-
mediate goods trade flows are increasing in similarity of economic ize.
However, for the two trade flows in Table 2.3, the coefficient estimnate for
exporter GDP is slightly larger than that for importer GDP. Yet theoretical
Figures 2.1b and 2.1c¢ suggested that the gross trade (FDI) flows should
be maximized when the two countries are identically sized (when 7 is
larger than ;). To provide further confirmation of Proposition 2, we illus-
trate in Figure 2.2 the predicted values from all three regressions reported
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Table 2.3. Bilateral flows of final and intermediate goods exporis and
bilateral stocks of outward FDI within the OECD (1990-2000)

Dependent variable is log of:

Final goods Intermediate Outward
exports;j; goods exportsij FDI stocksjj,

Log GDPy 0.835 0.025® 0952 0.031° 1164 0.044°
Log GDPj; 0.794 0.027° 0799 0031 0809 0.062°
Log final goods trade -0,785 0.148® -0.196 0119 —0.237 0.254
COSISijr
Log intermediate goods ~ —0.124 0,089  —0.840 0,104" —0.425 0.179°
trade costsji
Log investment Costsy 0,025 0.111 ={.021 0.137 —(.621 0.261%
Other control variables:
Log distance;; ~0719  0037° -0958 0044° —0.826 0.084°
Adjacencyy; 0.166 0.141 —0.056 0,150 —0.665 0.314%
Language;; 0510 0.122" 0789 0.120° 1955 0.232
Time dummies yes yes yes
Nuinber of observations 5,328 5,328 2,731
R2 0.850 0.815 0.660
Root MSE 0.799 1.040 1.630

Notes: Reported coefficients and standard errors are pooled OLS estimates. Standard errors
are robust to heteroskedasticity and clustering at the country-pair level. Superscripts a and
b refer to significance levels of 5% and 1%, respectively.

in Table 2.3. In particular, Figures 2.2a and 2.2b provide the predicted
empirical final goods and intermediate goods trade flows, respectively,
based upon the regression equations. Figures 2.2aand 2.2b are strikingly
similar to the corresponding predicted theoretical trade flows generated by
the numerical version of our general equilibrinm model, where the data
for GDP size and similarity are based upon our empirical distributions
using actual GDP data (Figures 2.1b and 2.1¢). In Figures 2.2a and 2.2b
(predicted empirical) final goods and intermediate goods trade flows are
indeed maximized when the two countries are identically sized.

Third, Table 2.3 reveals that the difference in the home and host coun-
tries’ GDP coefficient estimates for FDI from ¢ to j is the largest of
the three regressions. A larger elasticity estimate for the home country’s
GDP compared to that of the host country’s GDP implies that the FDI
flow should be maximized when i’s share of the two countries’ GDP is
larger. Figure 2.2¢ confirms using the predicted empirical values of FDI
flows based upon the regression equation that FDI from ¢ to j is indeed
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i's Share of GOPs of i and |

Figure 2.2. Empirical (intra-OECD) flows of final goods and intermedi-
ate goods nominal exports and nominal cutward FDI; (a) Inura-QECD
final goods nominal exports from ¢ to j; (b) Intra-OECD intermediate
goods nominal exports from ¢ to; (¢} Intra-OECD FDI from ¢ to j.

maximized when ¢°s GDP share is larger than ;s share. This confirms
Proposition 3, and is consistent with Figure 2.1d in the theory that FDIis
maximized when #’s share is larger.

Fourth, the third, fourth and fifth rows of Table 2.3 provide the coeffi-
cient estimates for the own-price effects of bilateral final goods trade costs,
bilateral intermediate goods trade costs, and (multilateral) investment
costs, respectively (no measure of bilareral investment costs is available).
Proposition 4 stated that the own price effects should all be negative,
The results for the own-price effects in Table 2.3 confirm this propo-
sition robustly., For final goods exports, final goods trade costs have an
economically and statistically significant negative effect on such trade.
Intermediate goods trade costs from ¢ to 7 have an economically and sta-
tistically significant negative effect on intermediate goods exports from
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i to j as expected. Also, the investment cost index has an economically
and statistically significant negative effect on outward FDI from ¢ to j.
Proposition 4 is confirmed with strong statistical support.

Fifth, the only testable proposition for cross—price effects was an
expected positive coefficient estimare for the effect of investment (final
goods trade) costs on final goods trade (FDI). Proposition 5 is confirmed
only for investment costs’ effect on final goods trade, and that coefficient
estimate is neither economically nor statistically significant.

Finally, we note that the coefficient estimates for standard control vari-
ables for trade and investment “frictons” — bilateral distance, adjacency
dummy, and language dummy — generally accord with earlier studies,
even though our theoretical model is agnostic on these variables (as in
Markusen 2002), and the R? values are in line with these studies. The
negative coefficient estimates for bilateral distance are in line with pre-
vious estimates and are statistically significant. The coefficient estimate
for the adjacency dummy has the typical sign for final goods, but is stat-
istically insignificant. Since no previous studies have used the gravity
model for intermediate goods trade flows, there is no expectation for this
regression; the coefficient estimate is negative, but economically and stat-
istically insignificant. The negative and statistically significant coefficient
estimate for adjacency for FDI is plausible because adjacent markets are
more likely to be served by trade rather than horizontal FDI. Finally,
the coefficient estimates for the language dummy in each regression have
plausible signs and are economically and statistically significant.

6.3 Robustness analysis

We have conducted numerous robustness analyses. For brevity, we report
only three to confirm that our results are robust. First, because out-
ward FDI stocks often are zero, the results provided in Table 2.3 for
EDI exclude zeroes. Santos Silva and Tenreyro (2006) showed that a
Poisson quasi-maximum likelthood (PQML) estimator may avoid the
bias associated with heteroskedasticity associated with Jensen’s inequal-
ity. Moreover, the technique also allows a natural way for including zeroes
on the LHS, a problem for the FDI variable as noted. Table 2.4 provides
the results from re-estimating all three models in Table 2.3 using the
PQML estimator instead; note thart the inclusion of zeroes has enlarged
the FDI sample. The results for all the variables’ coefficient estimates
are robust to this alternative estimation procedure, with adjacency now
having a statistically significant effect on interrnediates.

Second, the bilateral trade- and investment-cost variables included
may not represent all such potential costs. Gravity-equation analyses have
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Table 2.4. Sensitivity analysis I Poisson quasi-maximum likelihood
estimation of bilateral flows of final and intermediate goods exports and
bilateral stocks of ourwvard FDI evithin the OECD (1990-2000)

Dependent variable is log off

Final goods Intermediate Qurward
€XPOTrTsji £00ds exportsiy FDT stocksgj

Log GDP;, 0,783 0.038¢ 0.801 0.033¢ 0.870 0.052¢
Log GDPj, 0.803 0.046% 0.786 0.042° 0.750 0.042¢
Log final goods rade —0.707 0.165% —0.359% 0.159%  —0.243 0.356
COstSg
Log intermediate goods —-0.211 0146 —-0.438 0.111° -0.798 0.231°
trade costsg;,
Log investmeant COSts; —0.063 0.133 0.092 0.135 —0.510 0.106¢
Other control variables:
Log distance;; -0.578 0.049%  —Q.627 0.049% —0,535 0.079¢
Adiacencygj 0.244 0.113% 0.292 0.112° -0.989 0.213¢
Language; 336 0101° 0.461 0.092¢ 1,318  0.132°
Time dummies yes yes yes
Number of observations 5,328 5,328 3,439
Log pseudo-likelihood —~1786.68 —1432.05 —-6091.52

Noies: Reported coefficients and standard errors are pooled Poisson QMLE estimates.
Standard errors are robust to heteroskedasticity and clustering at the country-pair level.
Superscripts a, b, and c refer to significance levels of 10%, 5%, and 1%, respectively.

often replaced specific bilateral variables with country-pair fixed effects.
Table 2.5 presents the results of applying country-pair-specific (3) fixed
effects, which eliminates the “Other control variables” in Table 2.3, We
note that once again our coefficient estimates are robuist to using country-
pair fixed effects, with the exception that FDI’s coefficient estimate for
investment costs becomes statistically insignificant.

Third, we were curicus to see how well the gravity equation for inter-
mediates trade (as well as for final goods rrade and FDI) held up for a
sample of countries ourside the OECD. One might expect that the grav-
ity equation (and Ethier-type intermediates trade) would not explain the
variation in developing countries’ intermediates trade that well. Interest-
ingly, the gravity equation works well also for the sample of non-QECD
countries; see Table 2.6. Not surprisingly, the R? values are all lower than
those for the OECD countries in Table 2.3. For intermediates trade, the
R? is only 11 per cent less than for the OECD countries. Also, the coef-
ficient estimates are similar. And where they differ, it can be explained
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Table 2.5. Sensitivity analysis II: fixed country-pair effect estimates of
Bilateral flows of final and intermediate goods exporis and bilateral stocks of
outward FDI within the OECD (1990-2000)

Dependent variable is log of:

Final goods Intermediate Qurward
EXPOItsij goods exportsij FDI stocks;j;

Log GDPy 0.125 0042 0.170 0.096 0.307 0.171
Log GDPJ'; (.809 0.043 0.571 0.096 0.609 0.146
Log final goods trade -0.474 0.018 .034 0.041 —0.107 0.670
cO8tS
Log intermediate goods 0.013 0.014 —0.732 0.031 —-0.171 0.059
trade costsy
Log investment costs;, 0.004 0.036 —-0.085 0.080 —-0.038 0.116
Other control variables: )
Time dumimies yes yes yes
Number of observations 5,328 5,328 2,731
Within R? 0.460 0.201 0.307
Root MSE 0.258 0.583 0.5486

Notes: Reported coefficients and standard errors are pooled OLS estimates. Standard errots
are robust 1o heteroskedasticity and clustering at the country-pair level. Superscripts a, b,
and ¢ refer to significance levels of 109, 3%, and 1%, respectively.

readily. For instance, in Table 2.3 the coefficient estimate for adjacency
was negative (positive) and statistically significant (insignificant) for out-
ward FDI (final goods trade). These signs are consistent with HMNEs
and final goods trade for developed countries; adjacent countries should
trade final goods more and have less horizontal FDI, because relative
trade costs are low. However, for developing countries, if MNEs are
vertical, then adjacency’s positive and statistically significant coefficient
estimate in the FDI equation is theoretically justified in Table 2.6, as
adjacency lowers relative trade costs which are important for national
firms and VMNEs (which export final goods).

7 Conclusions

We note three potential contributions of our study. First, we have con-
structed from five-digit SITC bilateral trade flows among 160 countries
the most comprehensive bilateral trade flow dataset decomposed into
final goods and intermediaze goods trade flows. Second, developing a
Knowledge-and-Physical-Capital model of multinationals including a
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Table 2.6, Sensirivity analysis [I: bilateral flows of final and intermediate
goods exports and bilateral stocks of ourward FDI outside the OECD
(1990-2000)

Dependent variable is log of:

Final goods Intermediate OQutward
EXPOLisjj; goods exporis;; FDI stoclksije

Log GDP;, 1.143 0015 1.382 0.0156 1.403  0.083
Log GDPj, 0.984 0.022 0.855 (0.025 0.384 0.125
Log final goods trade —0.65¢ 0018 -0.116 0.019 0.342  0.203
COSLS4;
Log intermediace goods —-0.040  0.015 —0.699%  0.017 0.644  0.200
trade costsy,
Log investment costs;, —0.735  0.074 -0,072 0088 -0712 0304
Other control variahles:
Log distance;; -0.831 0.033 —1.083 0.037 0.311 0.181
Adjacencyy; 0.937 0,179 0764 (.183 1.156  0.421
Language; 0.931 0,077 1.031  0.054 1,081 0,403
Time dummies yes yes yes
Number of observarions 22,103 22,103 1,686
R? 0.678 0.708 0.513
Root MSE 1,649 1,810 1,598

Notes: Reported coefficients and standard errors are pooled OLS estimates. Standard errors
are robust to heteroskedasticicy and clustering at the country-pair level, Superscripts a, b,
and ¢ refer ro significance levels of 10%, 5%, and 1%, respectively.

second production stage (intermediates) and calibrating it numerically,
we formulated a theoretical rationale for estimating (simultaneously)
gravity eguations for bilateral final goods trade flows, bilateral intermedi-
ate goods trade flows, and bilateral outward FDI flows. Third, we showed
that the predicted theoretical final goods trade, intermediate goods trade,
and FDI flows from 7 to j from the model explained very well empirical
final goods trade, intermediate goods trade, and FDI flows from 7 to. As
Markusen’s introductory quote suggests, Ethier’s (1982) intermediate-
inputs approach is empirically “very relevant” and goes a long way to
explain the actual pattern of bilateral intermediates outsourcing flows.

REFERENCES

Anderson, J. E. and E. van Wincoop (2004). “Trade Costs,” Yournal of Economic
Lizerarure 42(3): 691-751.



A general equilibrium theory 67

Baiet, S. L. and J. H. Bergstrand (2000). “The Growth of World Trade and
Outsourcing,” working paper, University of Notre Dame.

(2001). “The Growth of World Trade: Tariffs, Transport Costs, and Income
Similarity,” Fouwrnal of International Economics 53(1): 1-27.

Raldone, S., F. Sdogati and L. Tajoli (2002), “Patterns and Determinants of
International Fragmentation of Production: Evidence from Ourward Pro-
cessing Trade between the EU and Central-Eastern Buropean Countries,”
in 5. Baldone, F. Sdogati and L. Tajoli (eds.), EU Enlargement to the CEECs:
Trade Competition, Delocalisation of Production, and Effects on the Economies of
the Union. Milan: FrancoAngeli, pp. 73-100.

Barba Navaretti, G, and A. J. Venables (2004, Multinational Firms in the World
Ecomomy, Princeton University Press,

Bergstrand, J. H. and P. Egger (2007). “A Knowledge-and-Physical-Capital
Model of International Trade Flows, Foreign Direct Investment, and Multi-
national Enterprises,” Fouwrnal of Internaiional Economics 73(2): 278-308.

Bernard, A. B., ]. B. Jensen and . X. Schott (2005). “Importers, Exporters, and
Multinationals: A Postrait of Firms in the US that Trade Goods,” NBER
working paper no. 11404, National Bureau of Economic Research, Inc.

Borga, M. and D. R. Yorgason (2002), “Direct Investment Positions for 2001:
Country and Industry Detail,” Survey of Current Business, July, 25-35.

Braconier, H., P.-]. Norbick and D. Urban (2005). “Reconciling the Evidence
on the Knowledge-Capiral Model,” Review of International Economics 13(4):
770-86.

Campa, J. and L. S. Goldberg (1997). “The Evolving External Orientation of
Manufacturing Indusiries: Bvidence from Four Countries,” NBER working
paper no. 5919, Nationai Bureau of Economic Reseazch, Inc.

Carr, D., . R. Markusen and K. E. Maskus (2001). “Estimating the Knowledge-
Capital Model of the Multinational Enterprise,” American Economic Review
91(3): 693-708,

Eaton, J. and 8. Kortum (2002). “Technology, Geography, and Trade,”
Eeonometrica 70(5): 1741-79.

Egger, H. and P. Bgger (2005). “The Determinants of EU Processing Trade,”
World Economy 28(2): 14768,

Ekholm, K., R. Forslid and J. R. Markusen (2007). “Export-Platform For-
eign Direct Investment,” Fournal of the Ewropean Economic Association 5(4):
77695,

Ethier, W. (1982). “National and International Rerurns to Scale in the Modexn
Theory of International Trade,” American Economic Review 72(3): 389-405.

Feenstra, R. C. (1994). “New Product Varieties and the Measurement of
International Prices,” American Economic Reviers 84{1): 157-77.

Feenstra, R. C. and G. Hanson {1999). “The Impact of Qutsourcing and High-
Technology Capital on Wages: Estimates for the US, 1979-1990,” Quarterly
Fournal of Econontics 114: 907-40.

Filipe, J. 7., M. P. Fontoura and P. Saucier (2002). “US Intrafirm: Trade: Sec-
toral, Ceountry, and Location Determinants in the 90s,” working paper,
CEDIN/ASEG/ Technical University of Lisbon, July.

Friedman, T. {2005). The World ¢5 Flat. New York: Farrar, Strauss, and Giroux,



68 Bergstrand and Egger

Gorg, H. (2000). “Fragmentation and Trade: US Inward Processing Trade in
the EU,” Weltmireschaftliches Arvchiv 136(3): 403-22.

Griliches, Z. (1969). “Capital-Skill Complementarity,” Reviezv of Economics and
Sratistics 51(4): 465-68.

Grimwade, N. (1989). International Trade. London: Routledge.

Grossman, G. M., E, Helpman and A. Szeidl (2003). “Optimal Integration
Strategies for the Multinational Firm,” fournal of Tnternational Ecoromics
TO(1): 21638,

Grubel, H. G. and P. Lloyd (1975). Inira-Fudustry Trade: The Theory and Meas-
urement of International Trade in Differentiated Producrs. London: Macmillan.

Hanson, G. (2005). “Market Potential, Increasing Returns, and Geographic
Concentration,” Jorrnal of International Economics 67(1): 1-24.

Head, K. and J. Ries (2001). “Increasing Returns Versus National Product Differ-
entiation as an Explanation for the Pattern of US-Canada Trade,” American
Eeonomic Review 91(4): 858-76.

Helpman, E. and P. Krugman (1985). Marker Structure and Foreign Trade,
Cambridge, MA: MIT Press.

Helpman, E. and A. Razin (1983). “Increasing Remurns, Menopolistic Com-
petition, and Factor Movements,” fowrnal of International Economics 14
263-76.

Hummels, D., J. Ishii and K.-M. Yi {2001). “The Nature and Growth of Vertical
Specialization in World Trade,” Fournal of International Economics 54: 75-96,

Hummels, D, D, Rapaport and K.-M. Yi (1998). “Vertical Specialization and
the Changing Narmre of World Trade,” The Federal Reserve Bank of New
York Economic Policy Reviezy 4(2): 79-99.

Jabbour, L, (2007), *“*Slicing the Value Chain’ Internationally: Empirical Evi~
dence on the Offshoring Strategy by French Firms,” working paper, GEP,
University of Nottingham.

Jones, R. W.{1967}. “International Capital Movements and the Theory of Tariffs
and Trade,” Quarterly ¥orrnal of Economics 81(1): 1-38.

Markusen, J. R, (2001). “Editor’s Queries,” in B, E. Leamer (ed.), International
Eeonomics, New York: Worth.,

(2002). Multinational Firms and the Theory of International Trade. Cambridge,
MA: MIT Press.

Marlusen, J. R. and K. E. Maslus (2001). “Multinational Firms: Reconciling
Theory and Evidence,” in M. Blomstrom and L. S. Gaoldberg (eds.), Topics
in Empivical Fnternational Economics: A Festschrift in Honor of Robert E. Lipsey,
University of Chicago Press, pp. 71-95.

(2002), “Discriminating Among Alternative Theories of the Multinational
Enterprise,” Review of International Economucs 10{4): 694707,

Mundell, R. (1957). “International Trade and Factor Mobility,” Awmerican
Economic Reviezs 47(3}: 321-35,

Santos Silva, J. and S. Tenreyro {2006). “The Log of Gravity,” Review of
Economics and Statistics 88(4): 641-58.

Slaughter, M. J. {2000}. “Production Transfer within Multinational Enterprises
and American Wages,” Yournal of International Economics 50(2): 449-72.



A general equilibrium theory 69

United Nations (2003). Classification by Broad Economic Categories. Revision 3.
New York: United Nations.

Yeaple, S. R, (2003}, “The Role of Skill Endowments in the Structure of US Out-
ward Foreign Direct Invesunent,” Review of Economics and Statistics 85(3):
726-34.

Yi, K.-M. {2003). “Can Vertical Specialization Explain the Growth of World
Trade?” Fournal of Polirical Ecoromy 111: 52-102,

APPENDIX

We assume that, in equilibrinm, all factors are fully employed for each country ¢
(; = 1,2,3), so that:
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Multilateral current account balance for each country i (i = 1,2, 3) requires
the following to hold:

0ipzi (25 + 23) + (0 + vy + 0)pX; (X + Xip) + DY Yy + Pvr Yir

1
+ T_—S([hz,g + ks Jpxixg + [hogr + k3 11D %er)

+

T (ogpxilxy + xji + Xl + vppxeldn + % + %))

= 0;p7iz;i + orpzyZy + (1 + vy + 'Urj)P}ijﬁ‘
+ (r + v + 0 PR + 2vi(Yi + Vi)
1
+ 1—_5—(3‘&2,;‘1‘ + A3+ ho i + B )pxi
1
l—¢

+ (D5 + 2dpxi(X5 + X5 + %ir) (2.A.2)

The first line in equation (2.A.2) represents the exports of intermediate and
final goods of country i. The second and third lines represent income earned on
capital invested by country 7 in horizontal and vertical affiliates, respectively, in
country’s 7 and r (denoting the ROW). The fourth line represents country #'s
imports of goods from j and r. The fifth and sixth lines represent i’s repatriation
of income on capital of countries’ j and r invested in country ; in horizonral and
vertical affiliates, respectively.


https://www.researchgate.net/publication/286849644

